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Abstract
There are no biological treatments for fetal alcohol spectrum disorders (FASD), lifelong
conditions associated with physical anomalies, brain damage, and neurocognitive abnormalities. In
pre-clinical studies, choline partially ameliorates memory and learning deficits from prenatal
alcohol exposure. This Phase I pilot study evaluated the feasibility, tolerability, and potential
adverse effects of choline supplementation in children with FASD. We hypothesized that choline
would be well-tolerated with minimal adverse events. The study design was a double-blind,
randomized, placebo-controlled trial. Participants included 20 children, ages 2.5–4.9y, with
prenatal alcohol exposure and FASD diagnoses. Participants were randomly assigned to 500 mg.
choline or placebo daily for nine months (10 active; 10 placebo). Primary outcome measures
included feasibility, tolerability, adverse effects, and serum choline levels. Seventeen participants
completed the study. Compliance was 82–87% as evidenced by parent-completed logsheets and
dose counts. Periodic 24-hour dietary recalls showed no evidence of dietary confounding. Adverse
events were minimal and were equivalent in the active and placebo arms with the exception of
fishy body odor, which occurred only in the active group. There were no serious adverse events to
research participants. This Phase I pilot study demonstrates that choline supplementation at 500
mg per day for nine months in children ages 2–5 is feasible and has high tolerability. Further
examination of the efficacy of choline supplementation in FASD is currently underway.
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1. Introduction
With an incidence of 0.9%, fetal alcohol spectrum disorders (FASD) represent a serious
public health problem [1]. Fetal alcohol syndrome (FAS) is the largest single known cause
of mental retardation [2]. Children with FASD exhibit an array of cognitive deficits
including visual-spatial learning deficits [3, 4] and verbal and non-verbal memory deficits
[5, 6]. In children, a breakdown is suspected in the hippocampus-mediated encoding process
[7, 8]. Children with FASD have small hippocampi on MRI and show correlations between
hippocampal size and memory impairment [8]. Currently, there are no available biological
treatments for the neurocognitive deficits in FASD.

Pre-clinical studies show that choline supplementation prenatally and even postnatally, as
late as days 21–30 in the rodent (equivalent to human early childhood), attenuates memory
and behavioral deficits associated with prenatal alcohol exposure [9, 10]. Postnatal choline
also improves cognitive functions such as visual-spatial learning, spatial reversal learning,
and fear conditioning [11].

Choline is an essential nutrient with established guidelines for adequate intake (AI) [12]. It
exists in free and esterified forms. As precursors to acetylcholine and phospholipids, choline
and its metabolites are critical for cell membrane formation, trans-membrane signaling,
cholinergic neurotransmission, and methyl-group and lipid metabolism [12]. As with folate,
deficiencies in choline lead to disruptions in neural tube closure [13, 14]. Perinatal choline
levels directly influence brain development, having a permanent impact on cognition [15].

No human trials of choline in FASD have been reported. This Phase I study sought to
evaluate the feasibility, tolerability, and potential adverse effects of postnatal choline
supplementation in young children in a double-blind, randomized, placebo-controlled trial. It
was a two-year pilot study with planned unblinding after 20th participant. This Phase 1 study
sought to evaluate tolerability in a limited number of participants, minimizing the number of
participants exposed to the untested treatment. The full trial, in progress, is powered to
evaluate efficacy based on cognitive outcomes in 60 participants.

One goal was to test the feasibility of parental administration of choline to preschool
children with FASD. Preschool children are picky eaters [16] and more likely to refuse an
oral supplement. Children with FASD often have unhealthy eating patterns; some have
autistic-like taste / texture sensitivities; and many have behavioral problems that can make
daily supplementation challenging. Tolerability of daily choline supplement also needed to
be established. We hypothesized that a child-friendly formulation of choline (good-tasting
and easily ingested) would maximize tolerability, and that minimal adverse events would
occur. There were three objectives. First, we examined compliance to the protocol by
monitoring participants' daily supplement consumption and by assessing for change in
participants' dietary intake. Second, we examined tolerability of choline by evaluating
potential adverse events. Third, we measured serum levels of choline and its metabolites to
confirm that the preparation we manufactured resulted in greater bioavailable choline
compared to placebo.

2. Methods and Materials
2.1 Participants

Twenty-five children with FASD (ages 2.5 – 4.9 years) were recruited from the University
of Minnesota's FASD Clinic and International Adoption Clinic, of which 20 received the
allocated intervention (Table 1). Fifteen participants lived with adoptive families (2
international adoptions; 13 domestic), and five participants lived with relatives. No
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participants lived with biological parents. The study took place between 2009 and 2011. As
part of clinical evaluations, children were seen by a pediatric psychologist and a
developmental pediatrician with formal training and more than fourteen years experience
diagnosing FASD. Height and weight, measures of facial dysmorphology, neurocognitive
data, and alcohol exposure data were collected in clinic [17].

We used modified Institute of Medicine (IOM) criteria [18]. If multiple growth, facial, or
cognitive / behavioral measurement were available, the maximum level of abnormality was
recorded. For FAS, the criteria require dysmorphic facial features, growth deficiency, and
deficient brain growth. For partial FAS, a dysmorphic face and either of the following are
required: growth deficiency or central nervous system (CNS) impairment (deficient brain
growth or behavioral and cognitive impairment). For alcohol-related neurodevelopmental
disorder (ARND), confirmed alcohol exposure is required with CNS impairment (deficient
brain growth and/or cognitive or behavioral impairment). Of the 20 participants, 6 (30%)
met criteria for FAS; 5 (25%) for partial FAS; and 9 (45%) for ARND.

Growth deficiency was height or weight ≤10%ile [19]; Deficient brain growth included
structural abnormalities and/or occipital-frontal circumference (OFC) ≤10%ile [20]; A
dysmorphic face has two of the following: short palpebral fissures (≤10%ile) [21], thin
upper lip (4 or 5 rating) [17], and smooth philtrum (4 or 5 rating) [17]. Because the criteria
do not explicitly quantify cognitive and behavioral deficits, we applied Centers for Disease
Control and Prevention (CDC) criteria of either global cognitive functioning >2 standard
deviations (SD) below average or deficits of >1 SD in three or more domains (e.g.,
intellectual, language, motor, visual-perceptual, adaptive functioning, behavioral) [22]. Of
20 participants, 7 (35%) met CNS criteria on the basis of deficient brain growth, 2 (10%)
had global cognitive impairment, and 19 (95%) had deficits of >1 SD in three or more
domains.

Of 20 participants, 17 had confirmed prenatal alcohol exposure, including self-report or
social service records indicating heavy maternal use during pregnancy (3 or 4 rating) [17].
Minimal use did not meet this criterion. Three participants had suspected but unconfirmed
alcohol exposure, but met criteria for FAS (n=1) or partial FAS (n=2). In 14 cases, prenatal
drug use was suspected, but alcohol was the predominant substance of abuse.

Exclusion criteria included developmental disorder, neurological condition, or other medical
condition affecting the brain. The presence of psychiatric co-morbidity, such as Attention
Deficit Hyperactivity Disorder, was not exclusionary as co-morbidity is high in FASD [23].
All but one participant, a twin born at 36 weeks weighing 1360 grams, had a birthweight
>1500 grams.

Procedures were approved by a University IRB, and all participants underwent a
comprehensive informed consent procedure including understanding randomization to
choline or placebo. Families were not compensated. A Data Safety Monitoring Board with
two pediatricians and a biostatistician monitored the study. The study was registered with
ClinicalTrials.Gov prior to initiation (NCT01149538).

2.2 Allocated Intervention
Participants were randomized to 500mg choline (1.25 grams choline bitartrate) or placebo
daily for nine months. The allocated intervention was supplied in coded light-blocking foil
packets containing a powdered, fruit-flavored drink mix that was developed for the study.
Parents were instructed to administer one dose per day by mixing it with four ounces of
water. The study was conducted under a Food and Drug Administration (FDA)
Investigational New Drug (IND) exemption.
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2.3 Quality Control
Packet dosages and stability were evaluated with High Performance Liquid Chromatography
by an outside laboratory. Dosage was within 0.13% of target on average and stable (within
5.2% of target dosage over the study duration).

2.4 Outcomes
In-person assessments were at baseline and months 1, 6, and 9. Phone visits occurred at 2
weeks and at months 2, 3, 4, 5, 7, and 8. Primary outcome measures included feasibility and
compliance, tolerability, adverse events, and serum choline levels.

Feasibility and Compliance—Parents recorded drink proportions that were consumed
each day on a calendar, providing a reason if less than 100%. Full and empty packets were
counted at study visits.

To evaluate potential confounding from dietary changes, the Automated Self-Administered
24-hour Recall system [24]was administered at baseline and months 6 and 9. Parents were
instructed to not change the use of dietary supplements during the study. Concomitant
supplement use was recorded at all study visits.

Tolerability and Adverse Events—At each in-person visit, a physician completed a
physical examination and assessed for adverse events. Adverse events were also monitored
during phone visits. Problems with administration were monitored monthly.

Serum Choline Levels—Parents gave the drink 3 hours before the blood draw.
Anesthetic cream was used and blood was collected by venipuncture at baseline and months
1, 6, and 9. Plasma was aliquoted and stored at −80°C and shipped on dry ice to the
University of North Carolina for assay of choline and its metabolites. Extraction used Bligh
and Dyer's method [25]. Aqueous and organic compounds were separated, analyzed, and
quantified with liquid chromatography/electrospray ionization-isotope–dilution mass
spectrometry after adding internal standards labeled with stable isotopes to correct for
recovery [26]. Free choline, esterified choline (phosphatidylcholine and sphingomyelin), and
betaine were measured.

2.5 Randomization and Blinding
Participants were randomized to choline or placebo arms in a 1:1 allocation ratio using a
block randomization procedure with variable block sizes. Randomization was handled
independently, and the research team and participants were blinded to group assignment.
Preparation, coding, tracking, and distribution of packets were handled by an Investigational
Drug Service unit.

2.6 Statistical Analyses
This Phase I study sought to establish compliance and feasibility. Group comparisons
utilized independent samples t-tests for normally-distributed continuous variables. Due to
the non-normal, leptokurtic, distribution of many compliance variables, medians and
interquartile ranges (IQR) are reported. Between-group comparisons of these compliance
variables were conducted using Mann-Whitney U tests. Between-group comparisons of
categorical variables were conducted using Fisher's Exact Test due to small cell sizes. The
Freeman-Halton extension of Fisher's Exact Test was used for contingency tables larger than
2×2.

Wozniak et al. Page 4

Nutr Res. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3. Results
3.1 Feasibility and Compliance

Twenty-five participants were randomized (Figure 1). Five participants did not receive the
allocated intervention; four (choline=3, placebo=1) were randomized at screening, but did
not come to the baseline visit. One participant (placebo group) was diagnosed with an
exclusionary condition prior to baseline. Ten participants in each group received the
intervention.

Of 20 participants, 17 (85%) completed the study. Three discontinued early; one (placebo
group) discontinued after six months for reasons unrelated to the study; one (placebo group)
was lost to follow-up after five months; and one (choline group) took only one dose and
refused it thereafter.

Compliance was measured with parent-completed calendars and packet counts. Calendars
were returned by 95% (n=19) of participants. The median percentage of logsheets completed
by parents was 97% (IQR=64–100%) of days in the study. Calendar completion did not
differ between groups (choline: Median=97%, IQR=71–100%; placebo: Median=76%,
IQR=38–100%, p=0.604). Although this difference was non-significant, the lower median
for placebo was due to two participants with poor completion (<25%). Participants received
at least a partial dose on 87% (IQR=68–95%) of days in the study. Dose received, based on
calendars, did not differ by group (Table 2).

Empty packets were returned by 95% (n=19) of participants. The median percentage of
empty packets returned was 82% (IQR=59–88%) of the packets they received. Dose
received, based on packet counts, did not differ by group (Table 2).

The 24-hour dietary recall data revealed no group difference in choline intake from diet at
any point (Table 2). No concomitant choline supplementation was reported by any
participant.

3.2 Tolerability and Adverse Events
Table 3 contains baseline physical symptoms and adverse events (new symptoms). Although
70% of participants reported at least one problem administering the drink, there was no
group difference. Fifty-five percent reported taste problems on at least one occasion, and
75% reported non-standard administration at least once (less than full dose, dose-splitting, or
using something other than water).

There was no group difference in baseline symptoms (prior to allocation). Those randomized
to choline had a trend-level higher baseline rate of general health concerns (e.g., weight
problems, pain, hyperactivity) despite randomization. This continued throughout the study,
with a trend-level higher rate of general concerns for the choline group. There was no group
difference the in the change in general concerns between baseline and follow-up, p=0.243.

Fishy body odor occurred (at least once) only in the choline group (choline: 56%; placebo:
0%; p=0.011). It was not present at baseline in either group. It was not correlated with either
the child's age or weight.

One unanticipated event was reported. A parent reported increased hyperactivity and
elevated mood. These behaviors were evident prior to baseline, but reportedly increased.
This resolved and the participant (placebo group) completed the study.
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3.3 Serum Choline
Groups did not differ in choline or betaine concentration at baseline. Choline
supplementation increased choline and betaine concentrations (Table 4) at all three
timepoints for the choline group relative to placebo. There were no changes in
phosphatidylcholine or sphingomyelin concentrations. Although the choline group had
higher sphingomyelin at baseline and one month follow-up, there were no group differences
in sphingomyelin at 6 or 9 months.

4. Discussion
We report on Phase I of an ongoing double-blind, randomized, placebo-controlled trial of
500 mg choline supplementation in 2.5 to 4.9 year old children with FASD for 9 months.
The study demonstrates acceptable feasibility, tolerability, and minimal adverse effects.
Eighty-five percent completed the trial. Protocol compliance was 82 – 87%, similar to trials
of daily nutritional supplementation in children of similar ages [27–29]. There were no
serious adverse events. Adverse events were minimal and equivalent in the choline and
placebo arms except for fishy body odor, which occurred only in the choline group. The
odor results from trimethylamine accumulating in sweat and urine. Trimethylamine is
formed when choline transporters in the small intestine are overloaded and choline reaches
bacteria in the gut [30]. Trimethylamine is converted to trimethylamine oxide in the liver.
Recently, in rodent models, plasma concentrations of trimethylamine oxide have been
associated with atherosclerosis [31]. Splitting a choline dose reduces trimethylamine
formation, allowing for straightforward management of this side-effect. Future studies
should be designed to mitigate potential “unblinding” that may occur because of odor. Phase
I demonstrates that daily oral choline supplementation at levels significant enough to
increase serum choline and betaine is feasible and tolerable in young children with FASD. A
larger trial examining efficacy is warranted and is currently underway.

The appropriate choline dose for treatment of children with FASD remains to be established.
The AI for choline, which is based on age, not weight, is 200 mg for children ages 1 to 3
years and 250 mg for 4 to 8 years [12]. A 500 mg dose was used to bring all participants to
sufficiency and to provide additional supplementation while remaining tolerable. Typical
dietary choline intake levels were not previously known for children with FASD, but we
found that the majority in our studies are not meeting AI for choline [32]. A dose of 500 mg
is high, but well within the range that could be achieved through normal dietary intake (ex.
two eggs) and well under the upper tolerable intake level (UL) for children of 1000 mg per
day [12].

Critical windows for choline supplementation also need to be established, but may be within
the first 4–5 years. Pre-clinical studies highlight that choline is necessary when progenitor
cells are proliferating [33, 34]. Both “early” (postnatal days 11–20) and “late”
supplementation (postnatal days 21–30) significantly attenuate the cognitive deficits induced
by prenatal alcohol exposure, with a slight advantage for earlier supplementation [35]. In
humans, the hippocampus develops rapidly during the first two years, followed by slow,
steady growth until adolescence [36]. Hippocampal differentiation and synaptogenesis occur
into the fifth year. Equivalent maturation in rats occurs by postnatal day 21, within the
timeframe of choline's efficacy. Similarly, in humans, hippocampus-dependent memory
matures into the fourth and fifth years. The equivalent memory maturation in the rat occurs
on postnatal days 15 and 16, again within the timeframe of choline's efficacy.

The mechanisms of choline's effects in FASD are not yet known, but several possibilities
exist. Choline contributes to dendritic arborization in CA1, to larger cells, and to functional
changes [37–40]. Supplementation also affects choline acetyltransferase levels in rat
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hippocampus resulting in improved memory [41, 42]. Neuronal production of acetylcholine
is directly related to availability of choline - its precursor [43]. Choline also impacts
apoptosis [44, 45]. Lastly, choline is required for the production of phospholipids
(phosphatidylcholine, sphingomyelin, and plasmalogens) that are necessary for axonal
growth and myelination [15].

One limitation of the study was the reliance on parent-report for several compliance
measures. Parents were informed that the study was a trial of choline supplementation to
improve neurocognitive outcomes, and they could have attempted to increase their child's
choline intake via supplements. Parents were explicitly asked to avoid changing the child's
supplements and we monitored supplement-use throughout the study to ensure compliance.
There was no evidence that this occurred and there is no reason that it would occur
preferentially in either group since the study was double-blinded. The data also suggest that
parents did not alter children's diets to increase choline intake.

In conclusion, choline is critical to neurodevelopment [39] and has potential as a treatment
for neurodevelopmental conditions. This study confirmed our hypotheses and demonstrated
that 9-month choline supplementation at 500 mg per day is feasible and tolerable in young
children with FASD. The next phase of this research, already underway, will establish
whether the cognitive benefits seen in pre-clinical work will translate to human children.
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Figure 1.
Postnatal choline supplementation phase 1 study flow diagram
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Table 1

Baseline characteristics of participants receiving the allocated intervention.

N(%) or mean (SEM) Choline (n=10) Placebo (n=10) Statistical Test

Age (years)

 Mean 3.9 (0.3) 4.3 (0.1) t(18)=133, p=.20

 Range 2.5 – 4.8 3.8 – 4.8

Gender

 Male 3 (30%) 4 (40%) p=1.00

 Female 7 (70%) 6 (60%) -

Racial Categories

 White 6 (60%) 5 (50%) p=1.00

 Black or African American 2 (20%) 2 (20%) -

 American Indian/Alaska Native 1 (10%) 2 (20%) -

 More than one race 1 (10%) 1 (10%) -

Ethnic Category

 Hispanic or Latino 9 (90%) 9 (90%) p=1.00

 Not Hispanic or Latino 1 (10%) 1 (10%) -

Dysmorphic Facial Features

 Lip (score 4 or 5) 4 (40%) 2 (20%) p=0.63

 Philtrum (score 4 or 5) 5 (50%) 1 (10%) p=0.14

 Palpebral Fissure (≤10th percentile)a 3 (33%) 7 (70%) p=0.18

 ≥ 2 Facial Features Present 3 (30%) 2 (20%) p=1.00

Growth Deficiency ( ≤ 10th percentile)

 Height 2 (20%) 0 (0%) p=0.47

 Weight 3 (30%) 1 (10%) p=0.58

Deficient Brain Growth ( ≤ 10th percentile)

 Occipital-Frontal Circumference 2 (20%) 0 (0%) p=0.47

Alcohol / Drug Exposure

 Alcohol Confirmed 7 (70%) 10 (100%) p=0.21

 Alcohol Suspected 3 (30%) 0 (0%) -

 Other Drug Exposure Suspected 6 (60%) 8 (80%) p=0.63

IOM Diagnostic Category

 FAS 2 (20%) 4 (40%) p=0.39

 Partial FAS 4 (40%) 1 (10%) -

 ARND 4 (40%) 5 (50%) -

Baseline Cognitive Functioning

 Mullen Visual Reception 47.2 (3.3) 53.2 (5.6) t(18)= 0.92, p=0.37

 Mullen Fine Motor 42.9 (2.7) 46.1 (5.0) t(18)= 0.56, p=0.58

 Mullen Expressive Language 43.0 (2.7) 39.6 (3.3) t(18)=−0.80, p=0.44

 Mullen Receptive Language 46.3 (2.6) 42.9 (3.2) t(18)=−0.82, p=0.42

 Mullen Total Score 90.2 (4.4) 92.2 (7.1) t(18)=0.24, p=0.81

Taking Any Psychotropic Medication 1 (10%) 2 (20%) χ2(1)=0.39, p=.53
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Comparisons between treatment groups were conducted using independent samples t-tests for normally-distributed continuous variables. Between-
group comparisons for frequencies of categorical variables were conducted using Fisher's Exact Test. Only p values are reported with Fisher's
Exact Test.

a
Palpebral fissure length was missing for one participants who was uncooperative and from whom an accurate measure could not be obtained

(choline: n=9).
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Table 2

Study compliance based on calendar logsheets, packet counts, and 24-hour dietary recalls.

N(%), median (IQR), or mean (SEM) Choline (n =10) Placebo (n=9) Statistical Test

Logsheets: Days the Allocated Intervention was Receiveda(% Days in the Study)

 Any Dose 87% (69–92) 84% (65–97) p=.66

 Full Dose 75% (47–84) 84% (57–96) p=.32

 Partial Dose 10% (1–13) 7% (0–12) p=.55

Logsheets: Reason No Allocated Intervention was Receiveda(% Days in the Study)

 Child Refused 3% (1–11) 0% (0–16) p=.66

 Child Sick 0% (0–4) 0% (0–2) p=.97

 Parent Forgot 3% (1–11) 2% (0–10) p=.50

 Other 1% (0–5) 3% (1–5) p=.55

Empty packets (% returned) a 83% (56–87) 73% (39–89) p=.84

Daily Choline Intake From Diet (mg/day): All Participants 
b

 Baseline 155 (17) 187 (24) t(18)= 1.10, p=.87

 3 month 204 (22) 212 (42) t(18)= 0.16, p=.29

 6 month 191 (20) 153 (16) t(16)=−1.50, p=.15

 9 month 187 (38) 217 (25) t(15)= 0.64, p=.53

Daily Choline Intake From Diet (mg/day): Ages 1 – 3 years

 Baseline (n=7) 137 (32) 211 (59) t(5)= 1.19, p=.29

 3 month (n=4) 133 (5) 115

 6 month (n=2) 149 (17) -
c

 9 month (n=2) 142 (31) -
c

Daily Choline Intake From Diet (mg/day): Ages 4 – 8 years

 Baseline (n=13) 172 (37) 181 (17) t(11)= 0.24, p=.82

 3 month (n=13) 243 (24) 224 (45) t(11)=−0.30, p=.77

 6 month (n=16) 203 (23) 153 (16) t(14)=−1.84, p=.09

 9 month (n=2) 200 (48) 196 (58) t(13)=−0.07 p=.94

Taking a Daily Nutritional Supplement

 Baseline 2 (20%) 6 (60%) χ2(1)=3.33, p=.07

 Started After Baseline 2 (20%) 1 (10%) χ2(1)=0.39, p=.53

Comparisons between treatment groups were conducted using independent samples t-tests for means of normally-distributed continuous variables
and using Mann-Whitney U tests for medians of non-normally-distributed variables. Between-group comparisons for frequencies of categorical
variables were conducted using Fisher's Exact Test. Only p values are reported with Mann-Whitney U tests and Fisher's Exact Test.

a
Medians and interquartile range (IQR) are reported.

b
Sample sizes for the dietary records at each visit are as follows: at Baseline: Choline: n=10, Placebo n=10; at 3 month: Choline: n=9, Placebo:

n=9; at 6 month: Choline: n=9, Placebo: n=9; at 9 month: Choline: n=9, Placebo: n=8.

c
No participants in this age range were in the placebo group.
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Table 3

Physical symptoms at baseline and adverse events (new symptoms) during the course of the study.

N(%) Choline (n=9)
a Placebo (n=10) Statistical Test

Administration Problems with the Supplement

 Baseline - - -

 During Study 7 (78%) 6 (60%) p=0.63

General Health

 Baseline 3 (33%) 0 (0%) p=0.09

 During Study 7 (78%) 3 (30%) p=0.07

Skin

 Baseline 3 (33%) 5 (50%) p=0.65

 During Study 3 (33%) 3 (30%) p=1.00

Ear, Nose, Throat

 Baseline 4 (44%) 4 (40%) p=1.00

 During Study 2 (22%) 6 (60%) p=0.17

Cardiovascular

 Baseline 1 (11%) 1 (10%) p=1.00

 During Study 1 (11%) 0 (0%) p=0.47

Respiratory

 Baseline 4 (44%) 2 (20%) p=0.35

 During Study 5 (56%) 2 (20%) p=0.17

Gastrointestinal

 Baseline 5 (56%) 5 (50%) p=1.00

 During Study 7 (78%) 5 (50%) p=0.35

Genitourinary

 Baseline 1 (11%) 1 (10%) p=1.00

 During Study 1 (11%) 5 (50%) p=0.14

Musculoskeletal

 Baseline 0 (0%) 1 (10%) p=1.00

 During Study 1 (11%) 2 (20%) p=1.00

Neurological

 Baseline 7 (78%) 7 (70%) p=1.00

 During Study 6 (67%) 7 (70%) p=1.00

Allergy

 Baseline 0 (0%) 3 (30%) p=0.21

 During Study 1 (11%) 1 (10%) p=1.00

Other

 Baseline 0 (0%) 1 (10%) p=1.00

 During Study 3 (33%) 2 (20%) p=0.63

Between-group comparisons for frequencies of categorical variables were conducted using Fisher's Exact Test. Only p values are reported with
Fisher's Exact Test.
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a
Only those participants who received the allocated intervention were included in analyses. One participant in the choline group refused the

allocated intervention (i.e., consumed only one dose) and was excluded from the analyses.

Nutr Res. Author manuscript; available in PMC 2014 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wozniak et al. Page 16

Table 4

Serum choline and metabolite levels at baseline and follow-up visits.

mean (SEM) Choline (n =9)
a

Placebo (n =10)
a Statistical Test

Choline ( μ mol/L)

 Baseline 7.33 (0.60) 7.17 (0.54) t(16)=−0.20, p=.84

 1 month 15.07 (1.60) 8.18 (1.23) t(15)=−3.45, p=.004*

 6 month 15.03 (1.42) 6.88 (0.70) t(11)=−4.88, p<.001*

 9 month 14.77 (1.09) 7.07 (0.77) t(11)=−5.57, p<.001*

Betaine( μ mol/L)

 Baseline 54.52 (5.32) 52.88 (3.14) t(16)=−0.28, p=.78

 1 month 121.07 (17.95) 68.91 (13.95) t(15)=−2.32, p=.04*

 6 month 111.90 (19.05) 58.22 (8.75) t(11)=−2.42, p=.03*

 9 month 122.23 (27.17) 49.58 (6.89) t(11)=−2.41, p=.04*

Phosphatidylcholine ( μ mol/L)

 Baseline 1645 (67) 1734 (82) t(16)=−0.81, p=.43

 1 month 1771 (92) 1758 (128) t(15)=−0.08, p=.94

 6 month 1833 (154) 1728 (111) t(11)=−0.54, p=.60

 9 month 1689 (145) 1759 (88) t(11)=0.39, p=.70

Sphingomyelin ( μ mol/L)

 Baseline 547 (53) 430 (20) t(16)=−2.24, p=.04*

 1 month 538 (35) 456 (17) t(15)=−2.17, p=.05*

 6 month 404 (34) 491 (67) t(11)=−1.21,p=.25

 9 month 361 (19) 364 (21) t(11)=0.11, p=.91

Comparisons between treatment groups were conducted using independent samples t-tests for normally-distributed continuous variables.

a
Sample sizes at each visit are as follows: at Baseline: Choline: n=8, Placebo: n=10; at 1 month: Choline: n=8, Placebo: n=9; at 6 month: Choline:

n=7, Placebo: n=6; at 9 month: Choline: n=7, Placebo: n=6
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