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Abstract

Objective: To examine the evidence for efficacy of phosphatidylserine for symptoms of attention-deficit/
hyperactivity disorder (ADHD) in children.

Methods: Medline, Cochrane Library, and ClinicalTrials.gov were searched from inception through August
2020. Studies of any design that assessed phosphatidylserine supplementation for children aged <18 years with
a diagnosis of ADHD were included in the systematic review; only randomized clinical trials were included in
the meta-analysis. Standardized mean differences and 95% confidence intervals (CIs) were calculated, and the
heterogeneity of the studies was estimated using I°. The overall quality of the evidence was assessed using the
Grading of Recommendations Assessment, Development and Evaluation tool.

Results: Four studies met the inclusion criteria for the narrative review (n=344) and three for the meta-analysis
(n=216). Results of the meta-analysis showed a statistically significant effect of 200300 mg/day of phosphati-
dylserine on symptoms of inattention relative to placebo (effect size [ES] 0.36; 95% CI: 0.07 to 0.64; p=0.01).
The effects of phosphatidylserine on overall symptoms of ADHD (ES 0.76; 95% CI: —0.07 to 1.60; p=0.07) and
hyperactivity-impulsivity (ES 0.24; 95% CI: —-0.04 to 0.53; p=0.09) were not statistically significant.

Conclusions: Preliminary evidence suggests that phosphatidylserine may be effective for reducing symptoms
of inattention in children with ADHD, although the quality of the evidence is low and additional research in this

area is warranted.

Keywords: ADHD, pediatrics, integrative medicine

Introduction
Rationale

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER (ADHD)
is a neurodevelopmental disorder characterized by a
persistent pattern of hyperactivity, impulsivity, or inatten-
tion, which interferes with daily functioning." It is associated
with many academic and health issues, including obesity,
peer problems, unintentional injuries or poisoning, emer-
gency department admission, lower grades, and expulsion
from school.>® Children with ADHD are more likely than
other children to have psychiatric comorbidities, including

oppositional defiant disorder, conduct disorder, depression,
and anxiety.9 ADHD can persist into adulthood, and adults
with ADHD are at increased risk of substance use disorders,
tobacco use, speeding violations, divorce, homelessness, and
suicide.*'*”'* In the United States, 11% of children 4—17
years old have been diagnosed with ADHD, contributing to
an annual societal cost of $36-$52 billion.'? This widespread
condition, with its many associated adverse effects, is a
clinical and public health concern.

Standard-of-care treatment for ADHD includes stimulant
medication with or without behavioral therapy; however, it
is estimated that fewer than 1 in 3 children receive this
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treatment.'*'> Medication may be avoided or discontinued
due to side effects, concerns about its long-term use, or
simply because it is not effective in reducing many chil-
dren’s symptoms.'® Early identification and treatment may
prevent or mitigate some of the negative side effects of the
disorder, and thus, alternative interventions are needed.

Recently, interest in phosphatidylserine as an intervention
for ADHD has grown. Children with ADHD have lower
levels of phosphatidylserine in serum, as well as the basal
ganglia and prefrontal cortex.'”'® These brain regions are
targeted by stimulant medications used to treat ADHD,
suggesting that low levels of phosphatidylserine in these
regions may contribute to symptoms of the disorder.'?

Phosphatidylserine contains omega-3 fatty acids, which
are also found in fish oil. Omega-3 fatty acids have been
extensively studied as treatment for ADHD, and six recent
meta-analyses were conducted, with mixed yet promising
results.’>*> Several trials have been conducted examining
phosphatidylserine supplementation in children and ado-
lescents with ADHD, but the authors were unable to identify
any systematic review or meta-analysis on this subject.
Therefore, they systematically evaluated studies of phos-
phatidylserine supplementation in children <18 years old
with ADHD. They conducted a meta-analysis to assess the
effect of supplementation on ADHD symptoms.

Methods
Protocol # and registration

This review was conducted according to the Preferred
Reporting Items for Systematic Review and Meta-analysis
Protocols (PRISMA-P) and PRISMA guidelines.”**” The
protocol was published in the International Prospective
Register of Systematic Reviews database before the review
began (#CRD 42018093188).

Inclusion criteria

Studies were included if they assessed supplementation of
phosphatidylserine (any dose or duration) for children and
adolescents <18 years with a diagnosis of ADHD. Studies
with participants both older than and younger than 18 years
were included if the data were able to be stratified by age. If
data were not presented in such a way, three attempts were
made to contact the study authors and obtain raw data. Only
English language articles were included. All study designs
were eligible to be included in the systematic review, but
only randomized-controlled trials (RCTs) were included in
the meta-analysis.

Outcome measures

Studies were included only if they assessed symptoms of
ADHD. Primary outcome measures included scales which
assessed ADHD or symptom domains of ADHD (inatten-
tion, hyperactivity, impulsivity). If a study used multiple
measures of ADHD, objective measures of attention were
selected over subjective measures for use in the meta-
analysis. Objective assessments can be computerized or
noncomputerized, and involve measuring a child’s response
time and errors when asked to complete certain tasks.

Subjective measures are questionnaires about a child’s
behavior that are completed by an observer (e.g., parent,
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teacher, or clinician). For this meta-analysis, computerized
objective measures were prioritized for inclusion over
noncomputerized objective measures. When multiple sub-
jective scales were used, the most psychometrically vali-
dated and/or relevant scale was chosen. Secondary outcomes
included adverse events and attrition rate.

Search strategy

Search strategies were developed by one researcher
(A.B.) with the assistance of a professional librarian (Ap-
pendix Al). In brief, the authors searched a combination of
terms including attention, hyperactivity, and phosphati-
dylserine. The search was conducted from the inception
dates of each of the databases to August 31, 2020, for
Medline/PubMed, Medline/OVID, Cochrane database
(both systematic reviews and CENTRAL), and Clinical-
Trials.gov.

Attempts were made to find published reports for relevant
trials registered on CENTRAL and ClinicalTrials.gov. If
reports were not found, authors were contacted up to three
times to attempt to locate the report. In addition, the refer-
ence lists of studies included in the review (primary studies)
were examined. A citation search on the primary studies was
completed using the Scopus database.

Study selection and data extraction

Two investigators conducted the search in the PubMed
database and compared results (A.B., J.N.). One investigator
(A.B.) ran the searches in the other databases with the help
of a professional librarian. Forms for screening study eli-
gibility were created by one investigator and piloted by
three investigators (A.B., J.N., M.G.). Eligibility assessment
was conducted by two independent investigators in dupli-
cate using the DistillerSR software, a data management tool
from Evidence Partners, with k=0.93 (A.B., J.N.).28

Data to be extracted were detailed in the protocol (Ap-
pendix A2). Data extraction forms were created by one in-
vestigator (A.B.) and piloted by three investigators (A.B.,
J.N., M.G.). Data for the meta-analyses were extracted in-
dependently in duplicate by two investigators (A.B., A.S.);
all other data were extracted by one investigator (A.B.).
When trials included an open-label extension, the open-label
data were not included in the analysis. If articles appeared to
be missing information, authors were contacted up to three
times to attempt to clarify.

Data synthesis and statistical analysis

The RevMan statistical tool (version 5.3) from the
Cochrane Collaboration was used to conduct the meta-
analyses.”” Hyperactivity/impulsivity and inattention were
the only symptom domains assessed across all three studies,
and a meta-analysis was conducted on each outcome. Be-
cause assessment measures varied across studies, the authors
computed standardized mean differences (SMDs) in the
meta-analysis of continuous outcomes. Percent attrition was
reported for each study group. Adverse events per group
were only reported in one study and were not included in the
meta-analysis.

A random-effects model was used for the meta-analysis,
based on the recommendations of DerSimonian and Laird.*®
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I? was used as a measure of heterogeneity.?! The authors did
not assess publication bias with a funnel plot because only
three studies were identified for meta-analysis.*>

Methodological quality assessment

The Cochrane Risk of Bias (CROB) tool was used to
assess risk of bias of individual studies.*> Two investi-
gators (A.B., J.N.) independently completed the CROB
tool in duplicate and any disagreements were resolved by
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discussion. Reports were compared with their protocols,
when available, to assess for selective outcome reporting
within studies.

The GRADE tool, a product of the Grading of Re-
commendations Assessment, Development and Evaluation
(GRADE) working group, was used to assess the quality of the
evidence for each outcome included in the meta-analysis.>*
Evidence from RCTs is given a starting rating of “‘high qual-
ity”” and is downgraded for serious concerns about risk of bias,
inconsistency, indirectness, imprecision, or publication bias.

PRISMA FLOWCHART

FIG. 1. Preferred Report-
ing Items for Systematic Re-
view and Meta-analysis
flowchart. ADHD, attention-
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A GRADE determination of very low/low quality suggests a
large degree of uncertainty with regard to effect estimates,
and future research may substantially change findings. A de-
termination of moderate/high quality suggests that future
research is unlikely to substantially change findings.

Results

A total of 166 reports were identified via database
searching and hand-searching the reference lists of primary
studies (Fig. 1). After duplicates were removed, 151 reports
remained. Of these, 92 were excluded for not involving
human participants, and 24 were excluding for involving
only adults. Two studies were excluded for not being
available in English, although neither of them appeared to
involve phosphatidylserine supplementation. Thirty-three
full texts were assessed for eligibility, four studies met the
inclusion criteria for the narrative review, and three RCTs
were included in the meta-analysis. One study published
efficacy and safety data in two separate reports.

Characteristics of included studies

Study size varied from 21 to 200 participants; the com-
bined total of participants was n=344 (Table 1).*> Three
studies were RCTs and one study was a pilot trial with no
control group. Only the RCTs were included in the meta-
analysis, with a combined sample size of n=216. All studies
required a diagnosis of ADHD by a qualified health care
provider for inclusion, except for the pilot study, which
included children with suspected, but not confirmed,
ADHD.*> All studies excluded children currently using
medication for ADHD, except the pilot study, which in-
cluded several children on stimulant medication.

The dosage of phosphatidylserine across studies varied
from 200 to 300 mg/day and the duration of intervention
ranged from 8 to 15 weeks. Phosphatidylserine formulations
varied; some studies used commercial products (Lipamin-
PS 90*° or PS-Omega-3>"), which were ingested as capsules.
One study emulsified phosphatidylserine with a chocolate
spread,” while another used phosphatidylserine in a
chocolate-flavored chewable tablet.’® Placebo controls in-
cluded cellulose capsules,37 chewable chocolate tablets,36
and, in one study, canola oil as placebo.39 In addition to a
placebo control, one study also used fish oil as an active
comparator.>® Three studies reported attrition ranging from
20% to 40%.

Risk of bias within studies

Using the CROB tool, all three of the randomized studies
were found to have substantial risk of bias (Table 2). At-
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tempts to contact authors for clarification re%arding the
study methods in question were unsuccessful.”®>">° The
risk of bias tool only allows assessment of randomized trials,
and so, the pilot study could not be assessed. It is considered
at high risk of bias due to its design.

Meta-analyses

Three meta-analyses were conducted for the following
comparisons:

1. phosphatidylserine versus placebo for overall ADHD
symptomology,

2. phosphatidylserine versus placebo for symptoms of
hyperactivity/impulsivity, and

3. phosphatidylserine versus placebo for symptoms of
inattention. All three meta-analyses were conducted
using three RCTs.

The effect of phosphatidylserine versus placebo for
overall ADHD symptomology is presented in Figure 2; the
effect size (ES) of phosphatidylserine supplementation is
expressed as an SMD with a 95% confidence interval (CI).
The pooled ES was 0.76 (95% CI: —0.07 to 1.60), suggesting
that participants who received the intervention experienced
a mean improvement in ADHD symptoms compared with
participants who received placebo. The estimated interven-
tion ES was of moderate magnitude, but not statistically
significant (p=0.07). An I*=84% implies substantial het-
erogeneity between studies, and pooled results should be
interpreted with caution.

The effect of phosphatidylserine versus placebo for
symptoms of hyperactivity/impulsivity is presented in
Figure 3. The pooled ES was 0.24 (95% CI: —0.04 to 0.53),
suggesting that phosphatidylserine may be more effective
than placebo than reducing symptoms of hyperactivity/
impulsivity, with a small ES. The pooled ES was not sta-
tistically significant (p=0.09), however, although hetero-
geneity was 0%.

The effect of phosphatidylserine versus placebo for
symptoms of inattention is presented in Figure 4. The
pooled ES was 0.36 (95% CI: 0.07 to 0.64), suggesting that
phosphatidylserine is more effective than placebo in re-
ducing symptoms of inattention. The pooled effect is sta-
tistically significant (p=0.01), and I* = 0%, indicating very
little heterogeneity among studies.

Sensitivity analysis

Because the heterogeneity for comparison 1 was so high
(84%), the authors conducted an additional unplanned
meta-analysis. To explore the potential impact of pooling

TABLE 2. RisK-OF-B1AS ASSESSMENT FOR RANDOMIZED CLINICAL TRIALS

Random Blinding Blinding Incomplete

sequence Allocation of participants/  of outcome outcome Selective
Study generation  concealment personnel assessment data reporting  Other bias
Hirayama et al.*® High Unclear Low High Low Unclear Low
Manor et al.”’ Low Low Low Low Low Low High®
Vaisman et al.* Low Unclear Low Low High Low Low

“Rated as high bias due to unplanned subgroup analysis.
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Intervention Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Hirayama 2014 (1) 3.6 6.39 19 0.3 4.69 17 32.0% 0.57 [-0.10, 1.24]
Manor 2011 (2) 4.86 10.06 99 2.95 9.44 42 37.4% 0.19 [-0.17, 0.55] g
Vaisman 2008 (3) 3.35 1.86 18 -0.45 251 21 30.6% 1.67 [0.93, 2.41] ——
Total (95% CI) 136 80 100.0% 0.76 [-0.07, 1.60]
Heterogeneity. Tau? = 0.45; Chi? = 12.34, df = 2 (P = 0.002); I = 84% -+ _5 5 5 p)

Test for overall effect: 2 = 1.80 (P = 0.07)

Footnotgs

(1) Go/No-Go test, total score

(2) Conners' Rating Scale-Parents, DSM-IV: Total domain
(3) Test of Variables of Attention, total score

Favors Placebo Favors Intervention

FIG. 2. Phosphatidylserine versus placebo for overall ADHD symptomology. CI, confidence interval; DSM, Diagnostic

and Statistical Manual; SD, standard deviation.

objective and subjective outcome measures on heteroge-
neity, they replaced the objective, computerized measure
of Test of Variables of Attention (TOVA) score in the
Vaisman et al. study with the subjective measure of the
abbreviated Conners’ Rating Scale-Parent questionnaire
(CRS-P) (Fig. 5).%

For the outcome of overall ADHD symptomology, this
reduced heterogeneity to I°=0%. The pooled ES was 0.30
(95% CI: 0.02 to 0.59), suggesting that phosphatidylserine
may have a small effect over placebo in reducing the overall
symptoms of ADHD (p=0.04). The authors were unable to
conduct a similar sensitivity analysis for the outcomes of
hyperactivity/impulsivity or inattention as Vaisman et al.
reported only mean change in the total score of the CRS-P,
and not individual symptom domains.

Synthesis of results

Using the GRADE criteria, the confidence in the moderate
ES of phosphatidylserine to improve overall measures of
ADHD symptomology was very low (Table 3).*° The quality
of the evidence was downgraded for risk of bias, inconsis-
tency, and imprecision. The unplanned meta-analysis using
only subjective scales to assess total symptoms of ADHD was
downgraded for risk of bias and imprecision, resulting in a
low quality of evidence.

The quality of evidence for the analysis on symptoms of
hyperactivity/impulsivity was found to be low due to risk
of bias and imprecision. The quality of evidence for the
analysis on symptoms of inattention was also found to be
low due to risk of bias and imprecision. Low-quality evi-

dence suggests that the estimated ES of phosphatidylserine
on ADHD may not reflect the true ES, and future research
may have different findings.

Discussion

The authors found three studies with very low- and low-
quality evidence, mostly due to methodological limitations
and heterogeneity between studies. Pending further studies,
there is low-quality evidence that 200-300 mg/day of phos-
phatidylserine may have a small but statistically significant
effect on symptoms of inattention, but not on symptoms of
hyperactivity/impulsivity or overall ADHD symptoms. Wide
variation in interventions, placebos, and outcome measures
among included trials limited the utility of pooling findings
across studies and the heterogeneity contributed to a down-
grading of the evidence.

Placebo types varied substantially across studies. In one
study, the control group was given canola oil, which con-
tains omega-3 and omega-6 fatty acids, and can also contain
trans-fats.”>*'** These fats are not inert and may have in-
terfered with the study results. Omega-6s and trans-fats can
compete with omega-3s for inclusion in the cell membrane,
potentially widening the gap between the intervention and
placebo groups.

Including omega-6s and frans-fats could have led to
overestimation of the intervention effect, whereas including
omega-3s in the placebo group could have resulted in an
underestimation of the treatment effect. The complex in-
teractions of these fats make it difficult to determine what
their combined effect in this study could have been. For

Intervention Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hirayarma 2014 (1) I Si7 19 0.4 4.06 17 18.8% 0.17 [-0.49, 0.82]
Manor 2011 (2) 4.23 11.44 99 2.62 115 42 61.9% 0.14 [-0.22, 0.50]
Yaisman 2008 (3) 0.75 109 18 -0.06 1.32 21 19.3% 0.65 [0.00, 1.30]
Total (95% CI) 136 80 100.0% 0.24 [-0.04, 0.53)]

Heterogeneity. Tau? = 0.00; Chi® = 1.89, df = 2 (P = 0.39);, I = 0%
Test for overall effect: Z = 1.68 (P = 0.09)

Footnotes

(1) Go/No-Go test, Total Impulsivity Errors domain

(2) Conners' Rating Scale-Parents, DSM-IV: Hyperactive-Impulsive domain
(3) Test of Variables of Attention, Errors of Comission domain

=1 5 5 P )

Favors Placebo Favors Intervention

FIG. 3. Phosphatidylserine versus placebo for symptoms of hyperactivity/impulsivity.
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Intervention Placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI

Hirayama 2014 (1) 2.6 4.4 18 -0.1 1.71 17 17.6% 0.77 [0.09, 1.46]

Manor 2011 (2) 4.97 9.79 a9 2.74 9.05 42 62.3% 0.23 [-0.13, 0.59]

Vaisman 2008 (3) 0.9 143 18 0.33 1.44 21 20.2% 0.39[-0.25, 1.03] el

Total (95% CI) 136 80 100.0% 0.36 [0.07, 0.64] %

Heterogeneity Tau® = 0.00; Chi? = 1.91, di = 2 (P = 0.38); I? = 0% ——_5—:5—1)——3———&—‘

Test for overall effect: Z = 2.46 (P = 0.01)

Footnotes

(1) Go/No-Go test, Total Inattention Errors domain

(2) Conners' Rating Scale-Parents, DSM-IV: Inattentive domain
(3) Test of Variables of Attention, Errors of Omission domain

FIG. 4. Phosphatidylserine versus

optimal transparency and accuracy, placebo ingredients
must be both carefully chosen and reported to avoid inter-
ference with the intervention.

Outcome measures also varied across studies, which
contributed to heterogeneity. The computerized TOVA used
in Vaisman et al. resulted in substantially higher SMDs and
skewed the forest plot.** Manor et al.*’ and Hirayama
et al.>® both used parent-report and teacher-report scales.
Parent- and teacher-report measures are subjective and are
vulnerable to recall bias, and parents may not detect subtle
changes in cognition and processing speed.

To fully capture changes in ADHD symptoms over time,
future studies should use a variety of outcome measures,
including proxy reports as well as objective noncomputer-
ized and objective computerized tasks. The use of objective
computerized tasks could result in more precise estimates of
treatment effect. Hirayama et al.>® and the pilot study con-
ducted by Hirayama and Masuday>> both used a Diagnostic
and Statistical Manual symptom questionnaire as an out-
come measure, which is not validated for this use. Future
studies should use only measures validated for tracking
symptom change in children with ADHD over time.

Rates of attrition were higher in the intervention group in
two of three studies.’’* Reasons for this difference could
include higher adverse events in the intervention group, or
that the intervention was less tolerable in some way; however,
adverse event data were not provided in two studies, limiting
the ability to assess reasons for attrition.’*** Careful docu-
mentation of attrition in future studies, including differences
in prognostic factors among those who left the study or were
lost to follow-up, would allow readers to better assess the
potential impact of selection bias.

Favors Placebo Favors Intervention

placebo for symptoms of inattention.

These pooled results should be interpreted in the context
of additional limitations of included studies. Because of the
short duration of the interventions (<15 weeks), the effect on
ADHD symptoms over the long term cannot be determined.
All three studies included in the meta-analysis performed
per protocol (PP) analyses, one of them after performing
an intention-to-treat (ITT) analysis, which yielded nonsig-
nificant results.”’ Studies that do not use ITT analysis can
overestimate treatment effects when compared with those
that do use ITT analysis.*’ In addition, PP analysis can
break randomization schemes and may lead to unbalanced
prognostic factors across groups. In future studies, protocols
should be published online to allow evaluation of selective
outcome reporting, and should include details about planned
analyses (PP, ITT, or subgroup analyses, with rationale).

Despite the limited quality of included studies, these re-
sults are consistent with other studies of omega-3 supple-
mentation in children with ADHD. Six recent meta-analyses
on omega-3 supplementation had mixed results, including
one that found it to be effective in reducing symptoms of
hyperactivity more than inattention compared with controls,
although both were significantly reduced post-treatment.””
Another meta-analysis found improvements only in certain
categories of symptoms, including emotional lability and
oppositional behavior in a subgroup analysis.*> This sub-
group analysis was not possible in this review because
emotional lability and oppositional behavior were not eval-
uated in all studies.

A third meta-analysis found a similar effect on symptoms
of inattention and hyperactivity and a fourth found reduction
only following supplementation of both omega-3s and
omega-6s.”>** Two other meta-analyses found no difference

Intervention Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Hirayama 2014 (1) 3.6 6.39 19 0.3 469 17 18.1% 0.57 [-0.10, 1.24] E—
Manor 2011 (2) 4.86 10.06 99 2.95 9.44 42 61.9% 0.19 [-0.17, 0.55]
Vaisman 2008 (3) 5 832 18 2.35 3.73 21 20.0% 0.41 [-0.22, 1.05]
Total (95% CI) 136 80 100.0% 0.30 [0.02, 0.59] &
Heterogeneity: Tau? = 0.00; Chi? = 1.09, df = 2 (P = 0.58); I = 0% & 5 5 5 3

Test for overall effect: Z = 2.10 (P = 0.04)

Footnotes

(1) Go/No-Go test, total score

(2) Conners' Rating Scale-Parents, DSM IV: Total domain
(3) Abbreviated Conners' Rating Scale-Parents, total score

Favors Placebo Favors Intervention

FIG. 5. Phosphatidylserine versus placebo for overall ADHD symptomology using only noncomputerized outcome

measures.
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in symptoms after omega-3 supplementation compared with
placebo.?!** Pooled SMD ESs in these six reviews ranged
from 0.16 (95% CI: 0.01 to 0.31; p=0.01)* to 0.31 (95%
CI: 0.16 to 0.47; p<0.0001).* Each meta-analysis included
studies with various scales used to measure symptom im-
provement; scales varied widely, but the majority were
subjective scales. Only one of the six meta-analyses men-
tioned that data from objective scales were included in the
data analysis, and none mentioned using computerized
scales such as the TOVA.? ESs of 0.16-0.31 are consistent
with this ES of 0.30 when using only noncomputerized
scales in this analysis. These ESs were 0.24, 0.36, and 0.76
when including the computerized TOVA scale in the data
analysis, suggesting that the computerized scale may cap-
ture symptom changes that subjective measures do not.

Stimulant medication, the standard of care for ADHD, has
shown standardized ESs in children ranging from 0.56 to
1.02 depending on the specific medication used.** This
pooled ES for phosphatidylserine is smaller than this ES, but
the fewer side effects associated with phosphatidylserine
may make it an option for children who do not tolerate
stimulants, or possibly as adjunctive therapy alongside
stimulant medication.

A recent study examined an omega-3/6 supplement,
methylphenidate (MPH, a stimulant medication), and both
omega-3/6 and MPH in children with ADHD.* The com-
bined group required a reduced dose of MPH for symptom
reduction [monotherapy, 1.0mg/(kg-d); combination,
0.8 mg/(kg-d), p<0.001]. Symptom reduction by group
varied between the different scales used, and the mixed re-
sults did not suggest that the adjunctive therapy had a
greater ES than MPH monotherapy. However, the combined
group had fewer adverse events than the MPH group, in-
cluding less appetite suppression, a common side effect of
stimulant medication, and fewer adverse events overall
(p=0.009 and p=0.001, respectively, for the difference
between groups). The combined group had more responders,
defined as >30% symptom reduction from baseline to month
12, than either monotherapy group (93% combined group;
80% MPH group; 60% omega-3/6 group; p=0.008 for the
difference between groups).

These results suggest that adjunctive therapy with omega-
3/6s may increase response rates and decrease adverse events
in children on stimulant medication, which may in turn in-
crease medication adherence. Although no studies exist
examining stimulant medication in conjunction with phos-
phatidylserine, this is an important area of future research, as
it also may lead to reduced dosage of medication and fewer
adverse events. A retrospective study on adjunctive phos-
phatidylserine supplementation in adults with ADHD
(n=518) reported that 31% of participants reduced the dose
of their ADHD medication, further supporting this concept.*®

Limitations of this review

This review was limited by the small number of studies
that have been conducted, the small sample size of these
studies, and the low quality of the evidence. Included studies
did not stratify results by age and the authors were unable to
evaluate the efficacy of the intervention in different age
groups. Although they had planned subgroup analysis by
medication status, all children in the randomized studies

BRUTON ET AL.

were not on medication, so this was not possible. A sub-
group analysis by medication status may have yielded im-
portant information on the efficacy of phosphatidylserine
used as adjunctive therapy alongside stimulant medication
for ADHD.

Conclusion

This review provides preliminary low-quality evidence
that phosphatidylserine supplementation could reduce
symptoms of inattention in children. Due to the small
number of studies included in this review and the hetero-
geneity of methods across studies, these estimates of effect
are likely to change with future studies. Additional rigor-
ous research is warranted to investigate phosphatidylserine
as a low-cost and likely low-risk intervention for children
with ADHD.
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Appendix

Appendix A1. Search Strategies

PubMed/Medline Search Strategy

attention defic* [tw]
attention disorder* [tw]
attention dysfunc* [tw]
hyperactiv* [tw]
hyper-activ* [tw]
hyperkin* [tw]
hyper-kin* [tw]
impulsiv* [tw]
inattentiv* [tw]
inattention® [tw]
minimal brain damage [tw]
minimal brain disorder [tw]
minimal brain dysfunction [tw]
adhd [tw]
addh [tw]
ad/hd [tw]
adhs [tw]
attention deficit disorder with hyperactivity [mh]
hkd [tw]
1OR20OR30OR40R50R60R7O0R 80R9OR
IOOR 11 OR 120R 13 OR 14 OR 150R 16 OR 17
OR 18 OR 19
Efalex* [tw]
PCSO-524* [tw]
phosphatidylserine [tw]
Vayarin* [tw]
Virtiva* [tw]
phosphatidylserines [mh]
Lyprinol* [tw]
21 OR 22 OR 23 OR 24 OR 25 OR 26 OR 27
20 AND 28

O 0NN~ W —

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29

OVID/Medline Search Strategy

OVID/Medline search strategy was based on the Pub-
Med/Medline search strategy, with only minor changes due
to differences in syntax between the two user interfaces.

Cochrane Database Search Strategy

(attention defic* or attention disorder* or attention dys-
func* or hyperactiv¥ or hyper-activ* or impulsiv* or in-
attentiv* or inattention* or hyperkin* or hyper-kin* or
minimal brain damage or minimal brain disorder or minimal
brain dysfunction or add or adds or ADHD or HKD) and
(Efalex*or PCSO-524* or phosphatidylserine* or Vayarin*
or Virtiva* or Lyprinol*)

ClinicalTrials.gov Search Strategy

The ClinicalTrials.gov database did not have advanced
search options; therefore, a simple search was performed
with Boolean operators, as follows: (attention OR adhd)
[DISEASE] AND (Phosphatidyl Serine OR phosphati-
dylserines) [TREATMENT]

Appendix A2. Data for Extraction

Data sought were listed in the protocol including the fol-
lowing: aim of the study, study design, study location, method
of recruitment, inclusion criteria, exclusion criteria, total
number randomized, baseline imbalances, withdrawal and
exclusions, duration of study, mode of data collection, in-
centive for participation, intervention(s) of interest, definition
of intervention, dosage of intervention, outcome(s) of interest,
definition of outcome, measurement of outcome, type of
placebo, covariates, definition of covariates, measurement of
covariates, strengths of study, limitations of study, medication
status, comorbidities, adverse events, attrition rate, funding
source, and database the study was found in.
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