ORIGINAL RESEARCH

Key Words: psychopharmacology, pediatric, pediatric bipolar, natural supplements

A Randomized, Double-Blind,
Controlled Clinical Trial of
Omega-3 Fatty Acids and
Inositol as Monotherapies and in
Combination for the Treatment of

Pediatric Bipolar Spectrum Disorder

in Children Age 5-12
By Janet Wozniak, Abigail Farrell, Maura DiSalvo,
Atilla Ceranoglu, Mai Uchida, Carrie Vaudreuil,
Gagan Joshi, Stephen V. Faraone, Emmaline Cook,
Joseph Biederman

ABSTRACT ~ Objectives: The aim of this study was to assess the efficacy and tolerability
of omega-3 fatty acids (FAs) and inositol alone and in combination for the treatment of
pediatric bipolar (BP) spectrum disorder in young children. Methods: Participants were
male and female children ages 5—12 meeting DSM-IV diagnostic criteria for a BP spec-
trum disorder and displaying mixed, manic, or hypomanic symptoms without psychotic
Jfeatures at the time of evaluation. Results: Participants concomitantly taking psychotropic
medication were excluded from efficacy analyses. There were significant reductions in
YMRS and HDRS mean scores in the inositol and combination treatment groups (all
P < 0.05) and in CDRS mean scores in the combination treatment group (p < 0.001),

with the largest changes seen in the combination group. Those receiving the combination
treatment had the highest rates of antimanic and antidepressant response. The odds ratios
Jfor the combination group compared to the omega-3 FAs and inositol groups were clini-
cally meaningful (ORs =2) for 50% improvement on the YMRS, normalization of the
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YMRS (score <12) (vs. inositol group only), 50% improvement on the HDRS, 50%
improvement on CDRS (vs. omega-3 FAs group only), and CGI-I Mania, CGI-1 MDD,
and CGI-I Anxiety scores <2. Conclusion: The antimanic and antidepressant effects of
the combination treatment of omega-3 FAs and inositol were consistently superior fo
either treatment used alone. This combination may offer a safe and effective alternative
or augmenting treatment for youth with BP spectrum disorder, but more work is needed
to confirm the statistical significance of this finding. Psychopharmacology Bulletin.
2022;52(4):31-51.

INTRODUCTION

Pediatric bipolar (BP) disorder is a prevalent and highly morbid dis-
order representing a serious public health concern.!* Children with
BP disorder often exhibit high levels of severe irritability and concur-
rent features of mania and depression, as well as high rates of psychi-
atric comorbidity, complicating their diagnosis and treatment. Due to
the severity of their symptoms of mania and depression and comorbid
conditions, these children often require psychiatric hospitalizations.”™

32  Although there are several medications that are U.S. Food and Drug

Wommint et Administration (FDA) approved for the treatment of pediatric BP dis-
order down to age 10, they can be associated with annoying and serious
adverse effects including weight gain, dyslipidemia, glycemic dyscon-
trol, and risk for tardive dyskinesia, calling for the identification of safe
and effective alternative treatments.” 11

Natural products such as omega-3 fatty acids (FAs), a concen-
trated source of eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), and inositol may provide such an alternative. Omega-3
FAs increase membrane fluidity, optimizing neurochemical receptor
functioning!®13 and inositol works as a critical second messenger in
cellular processes.!* 1% As such, their mechanisms are complementary,
and the combination may have an additive effect in the treatment of
pediatric BP disorder.

Omega-3 FAs have been shown to reduce both depressive?’~23 and
manic syrnp'comszg’_25 in children and adults, are safe and well tolerated,

and have been used successfully for the commonly comorbid condition
of ADHD in children.!3 Inositol is involved in the second messenger
system for processes known to be involved in the pathophysiology of
mood disorders and has evidence supporting its use from clinical trials
and imaging studies.!#"1® Myo-inositol has been shown to be decreased
in the cerebrospinal fluid of adult patients with depression.?
Spectroscopic study has revealed myo-inositol abnormalities in
children with BP disorder that were corrected following lithium
the1‘apy.27’53 Randomized, placebo-controlled trials have shown trends
for superior efficacy of inositol compared to placebo for depressive
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symptoms.?® Few of these studies included pediatric participants and
no study addressed pre-adolescent children only. In a preliminary mid-
point pilot report, our group previously showed that the combination
treatment of omega-3 FAs plus inositol reduced manic, depressive, and
overall psychiatric symptoms to a greater degree than either treatment
alone and that both natural products were safe and well-tolerated.?’

We are now reporting on our final sample and limiting the analysis
to participants taking only the study treatments and no concomitant
mood-stabilizing medications.

The main aim of the current study was to assess the efficacy and tol-
erability of omega-3 FAs and inositol both alone and in combination
for the treatment of pediatric BP spectrum disorder in younger chil-
dren. To this end, we completed a 12-week, randomized, double-blind,
placebo-controlled trial in children 5-12 years of age with BP spectrum
disorder. For this analysis, we excluded subjects taking other psycho-
tropic medication, so that results reflect the monotherapy use of these
complementary and alternative treatments used alone and in combina-
tion. We hypothesized that, consistent with the findings of our prelimi- 33

nary analysis, omega-3 FAs and inositol in combination would be more Wozniak, ot dl.
effective than either supplement alone in the treatment of pediatric BP
spectrum disorder and would be well-tolerated.

METHODS
Participants

Participants were male and female children ages 5-12 meeting
DSM-1IV diagnostic criteria for a BP spectrum disorder (type I, type 11,
or not otherwise specified) and displaying mixed, manic, or hypomanic
symptoms without psychotic features at the time of evaluation.

All diagnoses were established by clinical interviews of the children
and their parents or guardians by an expert clinician, supported by
the mood modules of the Kiddie Schedule of Affective Disorders and
Schizophrenia, Epidemiological Version (K-SADS-E).3%31 BP I disor-
der was defined according to DSM-IV diagnostic criteria for a manic
episode, requiring participants to meet criterion A for a distinct period
of extreme and persistently elevated, expansive, or irritable mood last-
ing at least one week as well as criterion B, manifested by three (four
if the mood is irritable only) of seven symptoms during the period of
mood disturbance. BP II disorder was defined according to DSM-IV
diagnostic criteria for hypomania (an abnormal mood lasting at least
4 days). BP disorder not otherwise specified was defined as a severe
manic mood disturbance that either did not meet DSM-IV duration

PsycHoPHARMACOLOGY BULLETIN: Vol. 52 - No. 4

‘ PB-Wozniak.indd 33 10/27/2022 3:29:06 PM ‘



OwmEeGA-3 FarTy Acips AND INosiToL For BPD

criteria for hypomania or had fewer symptoms than required in crite-
rion B (two symptoms required for elation and three for irritability).
A diagnosis of psychosis was established by the presence of hallucina-
tions or delusions on the structured diagnostic interview.

Eligible participants were required to have a Young Mania Rating
Scale (YMRS)3233 total score =20 and <40 at baseline assessment,
and participants with a diagnosis of psychosis or a score of 8 (“delu-
sions; hallucinations”) on YMRS item 8 (content) were excluded from
the study, as a safety measure required by our IRB. All assessments were
completed by board-certified or board-eligible child and adolescent
psychiatrists trained to a high level of interrater reliability. The intra-
class correlation score for interrater reliability on the YMRS was 0.81.%2

Participants with any serious or unstable medical illness were
excluded. Those with a history of sensitivity or intolerance to omega-3
FAs or inositol, severe allergies, or multiple adverse drug reactions were
also excluded from the study. Participants with an estimated full-scale
intelligence quotient (IQ) <70 were excluded. No child that was ade-

34  quately stabilized on antimanic therapy or had failed =2 previous tri-

Woniak, ot dl. als with antimanic treatments including lithium, anticonvulsants, or
atypical antipsychotic medication was entered into the study. Finally,
we excluded participants judged clinically to be at serious suicidal risk,
with a current diagnosis of schizophrenia, with a current or past history
of seizures, who had begun menstruation, or who had active substance
use, abuse, or dependence.

No participants were tapered off their medications to be included in
this study, although, per protocol, only participants with a poor response
to their current medication treatment would be advised to consider a
taper off their medications for entry into the study. Concomitant psy-
chotropic medications were allowed in this study as long as the par-
ticipant’s treatment regimen remained the same throughout the entire
study and had been stable for at least one month prior to study entry.
However, since the vast majority of participants were not taking any
concomitant medication treatments, for the efficacy analyses of the
study treatment, we excluded five subjects who were taking concomi-
tant psychotropic treatment. Non-pharmacological treatments such as
individual, family, or group therapy were allowed if they were in place
before the participant joined the study. The participant’s therapy regi-
men was required to remain the same throughout the study. No new
pharmacological or non-pharmacological treatments were to be initi-
ated after study participation had begun. The use of the benzodiazepine
lorazepam was permitted during the study at a maximum dosage of
2mg per day for maximum of three days during the study. Any greater
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need for lorazepam was considered evidence of poor treatment response
and grounds for termination of the study.

All study procedures were reviewed and approved by the commit-
tee for human subjects at our institution. All participants’ parents or
guardians signed written informed consent forms and participants ages
7 years or older signed written assent forms. The trial was registered on

ClinicalTrials.gov (Identifier: NCT01396486).

Study Design

Participants were randomized in double-blind fashion into one of
three treatment arms: inositol + placebo, omega-3 FAs + placebo, or
inositol + omega-3 FAs.

Inositol and inositol placebo capsules were created by the Massachusetts
General Hospital Clinical Trials pharmacy, and inositol powder was
provided by Life Extension. Inositol capsules contained 500mg inosi-
tol powder each and placebo capsules contained 500mg lactose pow-
der each and were polished using muslin or cheesecloth with a small  gg

amount of light mineral oil. Participants weighing =25kg were dosed Wozniak, ot dl.
at 2,000mg (4 500mg capsules) of inositol or placebo daily. Participants

weighing <25kg were dosed at 80mg per kg rounded down to the near-

est 500mg capsule. These doses were maintained for the duration of the

trial and were allowed to be separated into two daily doses.

Omega-3 FAs were provided in the form of Nordic Naturals brand
high EPA omega-3 fatty acid soft gels (325mg EPA and 225mg DHA
per 2 capsules). Nordic Naturals also provided the omega-3 fatty acid
placebo. The placebo soft gels contained 500mg soybean oil each and
had the same strawberry flavoring as the active omega-3 soft gels.
A small amount of omega-3 FAs (approximately 55mg, with 1.9mg
EPA) was added to the omega-3 placebo soft gels to provide a slightly
fishy taste. All participants were dosed at 975mg EPA daily, with 6 of
the soft gel capsules, which was 1650mg combined EPA+DHA total
daily dose, or 6 matched placebo capsules, daily. This dose was main-
tained for the duration of the trial and was allowed to be separated into
two daily doses.

Study clinicians assessed safety and efficacy of the study treatment
at weekly intervals via office or phone visits. Participants were asked to
return unused capsules and soft gels at each office visit. Study medica-
tion was counted by study staff at every office visit to ensure compliance
and participants who failed to keep study appointments or were non-
compliant with treatment were discontinued from study. Adverse events
and concomitant medications were monitored weekly.
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Clinician-Rated Assessment Scales

Severity of manic and depressive symptoms were assessed weekly using
the YMRS, the Children’s Depression Rating Scale (CDRS),3® and the
Hamilton Depression Rating Scale (HDRS).3¢ Global tunctioning was
assessed weekly using the Global Assessment of Functioning (GAF).3”
Attention-deficit/hyperactivity disorder (ADHD) and psychotic symp-
toms were evaluated at baseline, midpoint, and endpoint with the
ADHD Rating Scale (ADHD-RS)?® and the Brief Psychiatric Rating
Scale (BPRS), respectively. To determine clinically significant sever-
ity and improvement relative to baseline, the NIMH Clinical Global
Impression (CGI) severity (CGI-S) and improvement (CGI-I) scales*
were completed weekly. CGI-S and CGI-I were assessed separately
for mania, depression, anxiety, ADHD, oppositional defiant disorder
(ODD), and overall BPD.

At study beginning, participants completed a brief cognitive screen,
as any participant with an estimated I1Q_below 70 was not eligible
to participate in the study. The scales we used meet the demand for

36  quick reliable measures of intelligence in clinical, educational and

Wosniak ctel— research settings. These tests provided estimates of verbal and non-
verbal ability respectively, as well as the direct measure of Full Scale
IQ. Depending upon the subject’s age, the cognitive screen con-
sisted of: for participants age 5 years—Verbal Knowledge, Riddles,
and Matrices subtests of the Kaufman Brief Intelligence Test,
Second Edition (KBIT-2)*! and for participants ages 6—12 years—
Vocabulary and Matrices subtests of the Wechsler Abbreviated Scale
of Intelligence (WAST).*?

Safety Assessment

Safety was assessed at each visit using spontaneous reports of
treatment-emergent adverse events. Changes in vital signs (blood pres-
sure, temperature, height, and weight) were recorded at every office visit.

The Columbia-Suicide Severity Rating Scale (C-SSRS)* was
administered weekly by a study clinician to assess initial and emergent
suicidality in participants. Participants with scores of 4 or higher on the

C-SSRS were discontinued from the study.

Definition of Clinical Response

Response was defined as having either a =30% reduction in symp-
toms according to the YMRS, HDRS, or CDRS at endpoint or by a

rating of “much improved” or “very much improved” (score <2) on the
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CGI-I for mania or depression. We also assessed the percentage of
participants who had a =50% reduction in symptoms according to the
YMRS, HDRS, or CDRS at endpoint and the percentage of partici-
pants who had a score <12 on the YMRS at endpoint.

Poor response to treatment was defined by a CGI-S score for overall
BP disorder 2 points higher (more severe) than baseline for 2 weeks
in a row or a YMRS score 30% higher than baseline for 2 weeks in a
row, which was grounds for discontinuation from the study as deter-
mined by the study clinician. Participants with individual YMRS item
scores of 8 on item 8 (content) or greater than 6 on item 9 (disruptive/
aggressive behavior) for 2 weeks in a row were also discontinued from

the study.

Statistical Analysis

Continuous outcome measures and vital signs were analyzed using
mixed-effects Poisson regression models and mixed-effects linear
regression models, respectively, with time as the predictor for within g+

group analyses and time, treatment group, and the time-by-treatment Wozniak, ot dl.
group interaction as the predictors for between group analyses. All
mixed-effects models used robust standard errors to account for the
repeated measures on each participant. Rates of response at endpoint
were analyzed using logistic or exact logistic regression models. The
number of adverse events reported was analyzed using a negative bino-
mial regression model and the proportions of participants reporting
adverse events were analyzed with Pearson’s chi-square and Fisher’s
exact tests. Tests were two-tailed and performed at the 0.05 alpha
level using Stata (Version 16.0).** All analyses were intention-to-
treat (ITT).

Descriptive statistics are reported as absolute numbers, percentages,
or mean * standard deviation (SD) and use last observation carried
torward (LOCF) for participants who did not complete the 12 weeks.
Standardized mean differences (SMDs) were calculated as Cohen’s d
comparing baseline and endpoint assessments for within group analy-
ses and comparing the change in scores from baseline to endpoint for
between group analyses. For within group analyses, a positive SMD
indicates an improvement from baseline to endpoint. For between group
analyses, a positive SMD indicates that the first group being compared
performed better than the second group being compared. As defined by
Cohen,* a SMD = 0.2 is interpreted as a small effect size, SMD = 0.5
as medium, and SMD = 0.8 as large. Odds ratios (ORs) were reported
for dichotomous outcomes. In the event of zero cells, 0.5 was added to
all cells to calculate the odds ratio.
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RESULTS

As shown in Figure 1, 69 participants signed consent and enrolled in
the trial. Of these, 61 were randomized to receive either omega-3 FAs
(N = 20), inositol (N = 19), or the combination treatment (omega-3
FAs + inositol) (N = 22). Fifty-two were exposed to the treatment
(i.e. =2 weeks) and 27 completed the 12-week study (n = 10 omega-3
FAs, n = 7 inositol, n = 10 combination). Reasons for not completing
the study included the following: lack of efficacy (n = 15), participant
could not swallow the study medication (n = 7), non-compliant with
the study procedures (n = 2), poor response to treatment (n = 1), need
for more aggressive treatment (n = 1), ineligible after enrolled (n = 1),
participant withdrew (n = 4), and lost to follow-up (n = 3).

We analyzed 47 of the 52 participants who were exposed to treatment
for at least two weeks for efficacy. Five participants were excluded from
the efficacy analyses because they were taking adjunct mood stabilizing
medications throughout the trial. Two participants in the omega-3 FAs
group reported taking aripiprazole and risperidone, two participants in

38  the inositol group reported taking risperidone, chlorpromazine, and lur-

Woniaks ctal— 2sidone, and one participant in the combination group reported taking
sertraline and hydroxyzine. Thus, our final groups for analysis included
17 participants in the omega-3 FAs group, 14 participants in the inosi-
tol group, and 16 in the combination group. There were no significant
differences between the groups in age (omega-3 FAs: 7.9 = 1.6 years
vs. inositol: 8.6 £ 2.4 years vs. combination: 8.2 * 2.5 years; p = 0.69),
tull-scale IQ_(omega-3 FAs: 99.5 * 17.6 vs. inositol: 104.6 £ 14.7 vs.
combination: 113.3 * 21.5; p = 0.11), baseline YMRS (omega-3 FAs:
24.9 = 6.7 vs. inositol: 25.4 £ 4.5 vs. combination: 23.9 * 5.9; p =
0.77), baseline GAF (omega-3 FAs: 52.0 = 2.9 vs. inositol: 51.4 = 2.7
vs. combination: 52.6 = 1.8; p = 0.47), proportion of male participants
(omega-3 FAs: 59% [n = 10/17] vs. inositol: 71% [10/14] vs. combina-
tion: 50% [n = 8/16]; p = 0.49), or proportion of Caucasian partici-
pants (omega-3 FAs: 93% [n = 14/15] vs. inositol: 93% [n = 13/14] vs.
combination: 94% [n = 15/16]; p = 1.00).

Antimanic Effects

There were significant decreases in scores over time on the YMRS
within the inositol and combination groups (both p < 0.001), with the
largest change seen in the combination group (Table 1). The within group
SMDs for all three groups were all medium to large. Those receiving
the combination treatment also had the highest rates of response when
examining those with 50% improvement on the YMRS, normalization
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on the YMRS (score <12), and CGI-I Mania scores <2 (Figure 2A).
The omnibus tests for differences between the three groups were not
significant (all p > 0.05), however the SMD for the combination group
compared to the omega-3 FAs group and all but one of the ORs for
the combination group compared to the omega-3 FAs and inositol
groups were clinically meaningful (SMDs =0.04, ORs =2) (Table 1,
Figure 2A). Additionally, the OR for the inositol group compared to
the omega-3 FAs group was clinically meaningful for CGI-I Mania
scores <2 (Figure 2A).

Antidepressant Effects

The inositol and combination groups had significant decreases in
scores on the HDRS (both p < 0.05) and the combination group had
a significant decrease in scores on the CDRS (p < 0.001), with the
largest changes seen in the combination group (Table 1). The within
group SMDs for these two groups and outcomes were medium to large.
Those receiving the combination treatment also had the highest rates of 44

response when examining those with 50% improvement on the HDRS Woniak, et al
and CDRS as well as CGI-I MDD scores <2 (Figure 2B). The omni-
bus tests for differences between the groups were significant when look-
ing at improvement on the CDRS and rates of CGI-I MDD scores <2
(both p = 0.03). Pairwise analyses revealed that those in the combina-
tion group improved significantly more on the CDRS and were sig-
nificantly more likely to have CGI-I MDD scores <2 compared to
those in the omega-3 FAs group. While the other omnibus tests were
not significant, the SMDs and all but one of the ORs comparing the
combination group to the other two groups were clinically meaningful

(Table 1, Figure 2B).

Response in Other Domains

For general psychopathology, all three treatment groups had signifi-
cant decreases in scores on the BPRS, with the largest change seen in the
combination group (all p < 0.05) (Table 1). The within group SMDs
were all medium to large. Further, those in the combination group had
the highest rates of response when examining CGI-I Anxiety scores
<2 (Figure 2C). The omnibus tests for the BPRS and CGI-I Anxiety
were significant (both p < 0.05). Pairwise analyses revealed that BPRS
scores of those in the combination group improved significantly more
than those in the inositol group and those in the combination group
had significantly higher rates of participants with CGI-I Anxiety
scores <2 compared to those in the omega-3 FAs group. While not
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(FIGURE 2 D
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significant, the SMDs and ORs comparing the combination group to
the inositol group and to the omega-3 FA groups on the BPRS and
CGI-I Anxiety, respectively, and the OR comparing the inositol group
to the omega-3 FAs group on the CGI-I Anxiety were clinically mean-
ingful. Improvement in ADHD was limited as demonstrated by the
ADHD-RS (Table 1). Unlike the measures for mania, depression, and
general psychology, the combination group had the smallest changes in
ADHD-RS scores and the omega-3 FAs group had the largest changes.

Safety and Tolerability

While only those receiving study treatments who were exposed to treat-
ment for =2 weeks and not receiving concomitant psychotropic medi-
cation were analyzed for efficacy, all participants who were randomized
were included in the safety and tolerability analyses. Overall, 10 (50%)
participants from the omega-3 FAs group, 12 (63%) participants from the
inositol group, and 12 (55%) participants from the combination group
dropped out of the study, but none were due to adverse events (see Figure 1~ 43

for reasons). These dropout rates did not statistically differ (p = 0.70). Woniak, et al
Treatments with omega-3 FAs and inositol were very well tolerated. Two
serious adverse events were reported (aggressive behavior at school; agita-
tion with a violent outburst requiring Emergency Room visit) and both
were determined unlikely to be related to study treatment. One partici-
pant who was randomized to the combination group was dropped from
the study at baseline and psychiatrically hospitalized due to exacerbation
of preexisting symptoms of aggression and outbursts that were considered
unrelated to the study treatment. The most commonly reported adverse
event was nausea/vomit/diarrhea (Table 2). Treatment had no significant
effects on blood pressure or pulse in the omega-3 FAs or combination
groups (all p > 0.05). Treatment had no significant effects on systolic blood
pressure or pulse for those in the inositol group but did have a significant
effect on diastolic blood pressure with an average drop of 8.0 £ 10.2
points (baseline: 68.1 * 13.9 vs. endpoint: 60.1 = 12.9; p = 0.007). All
three groups saw significant increases in weight from baseline to endpoint
(omega-3 FAs: baseline = 70.3 * 18.7 Ibs vs. endpoint = 73.6 * 19.8 Ibs;
inositol: baseline = 78.6 % 28.6 Ibs vs. endpoint = 81.1 = 30.4 Ibs; com-
bination: baseline = 69.5 * 22.1 Ibs vs. endpoint = 71.8 & 22.5 Ibs; all
p = 0.005).

Di1ScuUsSION

The results of this randomized, double-blind, controlled trial indicate
that omega-3 FAs and inositol improved both manic and depressive
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(TaBLE 2 )
ADVERSE EVENTS IN ALL RANDOMIZED PARTICIPANTS
OMEGA-3 INOSITOL MEGA-3 + INOSITOL
N =20 N=19 N=22
N (%) N (%) N (% P-VALUE

Number (%) of Participants 14 (70) 12 (63) 10 (45) 025

Reporting AEs
Number (%) with Severe AEs 2 (10) 2 (11) 2(9) 1.00
Number (%) with Serious AEs 1(5) 1(5) 0 (0) 0.53
AEs Reported =2 Times

Nausea/Vomit/Diarrhea 4 (20) 1(5 3(14)

Cold/Infection/Allergy 3(15) 1(5) 1(5)

Agitated/Irritable 1(5) 2(11) 0 (0)

Headache 0(0) 1(5) 1(5)

Insomnia 0 (0) 1(5) 1(5)

Sedation 0 (0) 1(5) 0 (0)

Tics 0 (0) 0 (0) 1(5)

Musculoskeletal 0(0) 0(0) 1(5)
Mean Number of AEs Reported 2.6 = 1.2 3.0 £2.7 45 *3.1 0.11
Median (IQR) Number of AEs 2.5 (1) 1.5 (4.5) 4(4)

44

Wozniak, et al.
symptoms after 12 weeks of treatment in pre- adolescent children with

BP spectrum disorder who were not taking any concomitant psycho-
tropic medication. Although concomitant medications were allowed per
protocol, as the vast majority of the participants were only taking the
study treatments (only 5 participants were taking concomitant medica-
tion), we excluded these participants from analysis to remove any pos-
sible positive effect from the concomitant medication. While all three
groups demonstrated some improvement in symptoms of mania and
depression, the effects of the combination treatment were consistently
superior. To our knowledge, our results are the first to suggest that the
combination treatment of two complementary and alternative treat-
ments may be more effective than either treatment alone in the man-
agement of children with BP spectrum disorder, although more work
with larger samples is needed to confirm the statistical significance of
this finding.

The finding that the combination of omega 3-FAs plus inositol
improved manic and depressive symptoms is consistent with our interim
analysis of this study.?? Pediatric studies have supported the positive
impact of omega-3 FAs on mood disorders, including our omega-3 FA
pilot study.?272> However, a recent review of complementary and alterna-
tive medicine performed a meta-analysis based on 4 placebo-controlled
child and adolescent studies (N = 153) excluding bipolar disorder and
concluded that EPA monotreatment provides no benefit for pediatric
depression.”*>> A meta-analysis of adult studies of omega-3 PUFA
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found clinical benefit for depression.*® However, a very large prospective
study of 18,353 adults followed for 5-7 years randomized to Vitamin D
and/or omega-3 fatty acids or matching placebo found no benefit from
omega-3 FAs in preventing depression or boosting mood.*” The adult
literature documents clinical benefits associated with inositol in adults
with BP disorder,*8-20 however, as with omega-3 FAs, meta-analyses
are less encouraging. A meta-analysis of 7 inositol RCTs including 3
of BP depression (n = 242) reported no statistically significant effects
of inositol on depressive symptoms.?® In contrast, 36-ingredient micro-
nutrient supplement, EMPowerplus, (which includes inositol, but not
omega-3 FAs) has preliminary evidence of potential benefit in a variety
of mental disorders. A pediatric database analysis (N = 120) of chil-
dren and adolescents using this supplement, without a control group,
reported a 43% decline in pediatric BP symptoms and a 74% reduction
in number of concomitant psychiatric medications.’! Taken together,
these studies raise the question as to whether a combination of comple-
mentary and alternative interventions could be more effective than any
one used alone. 45

In addition to the improvements in manic and depressive symptoms, all Wozniak, ot dl.
three treatment groups improved in symptoms of overall psychopathol-
ogy and anxiety, with the combination group experiencing the greatest
improvements in these domains. Given the high rates of comorbidity
of pediatric BP spectrum disorder with other psychiatric conditions®~’
and the high levels of morbidity associated with these comorbidities,’
these additional improvements are relevant for the care of these highly
impaired youth.

Omega-3 FAs and inositol were well-tolerated by the youth in this
trial with a low frequency of adverse events among participants. Only
one participant dropped from the study due to exacerbation of preexist-
ing symptoms that were considered unrelated to the study treatment
itself. Unexpectedly, all three treatment groups experienced similar
weight gain during this 12-week study. Because we do not have a true
placebo group, we cannot determine if the observed weight increases
were related to the study treatments, but given the morbidity associated
with weight gain, future studies tracking BMI are needed.

Strengths of this study include the double-blind design and the young
5—12-year age of participants. Additionally, no participant included in
the efficacy analyses was taking concomitant antimanic or antidepres-
sant medication beyond the study treatments. However, these results
should be considered in the context of methodological limitations.
Our findings may not be generalizable to the general population, as
our sample consisted only of referred children. Additionally, since our
study consisted largely of Caucasian children, our findings may not be
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generalizable to other ethnic groups. All children were age 12 or younger,
and menstruation was an exclusionary criterion, but as this study did
not include Tanner staging, we cannot call this a study of prepuber-
tal children. Due to exclusion criteria, designed as a safety measure to
exclude participants with severe illness who should be referred to FDA
approved treatments, our results apply only to children with YMRS
scores of 40 or lower. This trial was limited also by a long recruitment
period and a high dropout rate, attributable in part to the long length
of study (12 weeks) and that the treatments are safe and easily available
for over-the-counter purchase.

Despite the high drop-out rate, only one participant was terminated
for poor response to treatment. Future studies can benefit from a shorter
length of study, a study design that is flexible and the use of telepsychia-
try to make participation easier for children and parents. Despite these
limitations, our results indicate that omega-3 FAs and inositol were
well-tolerated in young school-aged youth and improved both manic
and depressive symptoms, with the combination treatment group under

4@  double-blind conditions experiencing the largest improvements. If rep-

Woeniak, etal. licated in larger randomized and controlled trials, the combination of
omega-3 FAs and inositol may offer a safe and effective alternative, or
augmenting, treatment for youth with BP spectrum disorder.
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