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Abstract

Objective: The purpose of this study was to report the safety, tolerability, and serum micronutrient concentrations and their

correlations with mood changes from an 8 week pilot feasibility study of a 36 ingredient multinutrient supplement, EM-

Powerplus (EMP+), for pediatric bipolar spectrum disorders (BPSD).

Methods: Ten children ages 6–12 received EMP + escalating from one to four capsules t.i.d., with four children increased to

the maximum suggested dose, five capsules t.i.d. Outcome measures were micronutrient concentrations in serum and red

blood cells, vital signs, body mass index (BMI), dietary intake (Food Frequency Questionnaire and 24 hour dietary recall

interview), and mood and global functioning ratings.

Results: Seven children (70%) completed the study. Three (30%) terminated early for tolerability and compliance issues.

Adverse effects were mild and transient, and chiefly consisted of initial insomnia or gastrointestinal (GI) upset. No differences

occurred in BMI ( p = 0.310) or waist–hip ratio (WHR; p = 0.674) pre- to postsupplementation. Four of the tested serum

vitamin concentrations increased from pre- to postsupplementation: vitamin A-retinol, vitamin B6, vitamin E-a-tocopherol;

and folate (all p < 0.05). The increase in serum 25-OH vitamin D approached significance ( p = 0.063). No differences were

found in dietary intake pre- to postsupplementation, suggesting that blood nutrient level increases were caused by EMP + .

Conclusions: In this open prospective study, short-term use of EMP + in children with BPSD appeared safe and well-

tolerated, with a side effect profile preferable to first-line psychotropic drugs for pediatric bipolar spectrum disorders. A

double-blind, randomized clinical trial is feasible, appears safe, and is warranted by open-label clinical outcomes and

plausible mechanisms of action, combined with documentation of increased serum concentrations of specific micronutrients.

Introduction

Treatment research for childhood bipolar spectrum disor-

ders (BPSD) is limited. Clinical care guidelines rely on psy-

chotropic medications shown to be helpful as first-line treatment for

bipolar I disorder (BP-I), including second-generation antipsy-

chotics and the classic mood stabilizers lithium and divalproex

sodium. Unfortunately, all are associated with significant adverse

effects (Kowatch et al. 2005, 2009). A medical claim study found

higher rates of a variety of adverse cardiometabolic effects in

> 4000 youth who had been prescribed an atypical antipsychotic or

one of two conventional antipsychotics, than in a random sample of

4500 youth not treated with psychotropics (McIntyre and Jerrell

2008). An open-label study of second-generation antipsychotic

treatment in inpatient youth with various psychiatric diagnoses

showed weight gain with all (including aripiprazole, olanzapine,

quetiapine, and risperidone), after 12 weeks, compared with youth

who had received no treatment. Increases were also seen for serum

triglycerides, total cholesterol, non-high-density lipoprotein (non-

HDL) cholesterol, and triglyceride:HDL-cholesterol ratios with

olanzapine and quetiapine, and higher triglyceride concentrations

with risperidone (Correll et al. 2009). In addition to obesity and risk

for hypertension and type 2 diabetes mellitus, potential deleterious

effects of second-generation antipsychotics also include drowsi-

ness, lethargy, orthostatic hypotension, nasal congestion, rigidity,

tremor, and dystonia (Fleischhaker et al. 2006). Novel treatments

that are effective and free of such adverse effects are greatly

needed.

Micronutrient supplementation may have beneficial effects on

mood disorders, but the study of therapeutic use for such is in its

infancy. Many vitamins and minerals are essential for neurological

development and integrity as factors required for synthesis of

neurotransmitters, cognition, and protection against oxidative

stress (Shils et al. 2006). Nutrients are fundamental to physical and
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mental health, and may possibly be useful in reducing symptoms of

BPSD without the side effects of contemporary pharmaceuticals.

Multi-ingredient supplements in particular require scientific study

both because of their increasing use in children for a variety of

disorders without supportive evidence, and because of theoretical

claims that nutrients do not work independently in the human body,

but rather depend upon balanced ratios among multiple nutrients

for optimal function. That is, a deficiency of one nutrient may affect

the adequacy of others (Kaplan et al. 2007; Benton 2008).

One micronutrient supplement that appears to have potential

benefit in a variety of mental disorders is EMPowerplus (EMP + ;

Truehope Nutritional Support Ltd., Raymond, Alberta, Canada;

www.truehope.com). The 36 ingredient supplement consists of 16

minerals, 14 vitamins, 3 amino acids and 3 antioxidants (formu-

lation, Table 1). In 2008 alone, >2000 children were administered

this supplement for mood concerns (Truehope, personal commu-

nication, May 7, 2008), but randomized controlled trials (RCTs)

have not been conducted in children with mood disorders. Results

from an animal study (Halliwell and Kolb 2003), case studies, and

open-label trials in both youth and adults support benefit for mood

symptoms (Kaplan et al. 2001; Popper 2001; Kaplan et al. 2002;

Simmons 2003; Kaplan et al., 2004; Frazier et al. 2009; Rucklidge

2009; Mehl-Madrona et al. 2010; Rucklidge and Harrison 2010;

Rucklidge et al. 2010), self-injurious behavior (Mehl-Madrona

et al. 2010), hyperactivity/impulsivity (Mehl-Madrona et al. 2010;

Rucklidge & Harrison 2010; Rucklidge et al. 2010), inattention

(Rucklidge et al. 2010), and anxiety (Kaplan et al. 2002; Frazier

et al. 2009; Rucklidge 2009; Rucklidge and Harrison 2010;

Rucklidge et al. 2010). These results call for additional scientific

investigation.

To date, safety and tolerability data on the 36 ingredient formula

comprising the EMP + supplement suggest no toxicities or clini-

cally meaningful negative outcomes based on biological safety data

from 144 youth and adults who have taken EMP + in the context of

a research study (Simpson et al. 2011). Of the available adverse

event information gleaned from six research studies of 157 youth

and adults, participant reports of adverse events consisted of minor,

transient nausea and/or headache (Simpson et al. 2011). In a nat-

uralistic case–control study of EMP + versus contemporary med-

ication in children with autism, fewer adverse events were reported

in the EMP + group (33) compared with the medication group

(214), and none of the 22 types of adverse events were reported

more frequently in the EMP + than in the medication group (Mehl-

Madrona et al. 2010).

We previously reported that 10 children treated with EMP +
demonstrated a mean 37% decrease in depression scores ( p < 0.06)

Table 1. Composition of 36 Ingredient EMPowerPlus Supplement

Ingredient 1 capsule 4 capsules 8 capsules 15 capsules unit

Vitamin A (retinyl palmitate) 384 1536 3072 5760 IU
Vitamin C (ascorbic acid) 40 160 320 600 mg
Vitamin D (cholecalciferol) 96 384 768 1440 IU
Vitamin E (d-a-tocopheryl succinate) 24 96 192 360 IU
Vitamin B1 (thiamine mononitrate) 1.2 4.8 9.6 18 mg
Vitamin B2 (riboflavin) 0.9 3.6 7.2 13.5 mg
Vitamin B3 (niacinamide) 6 24 48 90 mg
Vitamin B5 (pantothenic acid as d-calcium pantothenate) 1.4 5.8 11.5 21.6 mg
Vitamin B6 (pyridoxine hydrochloride) 2.4 9.6 19.2 36 mg
Vitamin B9 (folic acid) 96 384 768 1440 lg
Vitamin B12 (cyanocobalamin) 60 240 480 900 lg
Vitamin H (biotin) 72 288 576 1080 lg
Choline bitartrate 36 144 288 540 mg
Inositol 12 48 96 180 mg
Calcium (chelate) 88 352 704 1320 mg
Iron (chelate) 0.9 3.7 7.3 13.74 mg
Phosphorus (chelate) 56 224 448 840 mg
Iodine (from Pacific kelp) 13.6 54.4 108.8 204 lg
Magnesium (chelate) 40 160 320 600 mg
Zinc (chelate) 3.2 12.8 25.6 48 mg
Selenium (chelate) 13.6 54.4 108.8 204 lg
Copper (chelate) 0.5 1.9 3.8 7.2 mg
Manganese (chelate) 0.6 2.6 5.1 9.6 mg
Chromium (chelate) 41.6 166.4 332.8 624 lg
Molybdenum (chelate) 9.6 38.4 76.8 144 lg
Potassium (chelate) 16 64 128 240 mg
Germanium sesquioxide 1.4 5.5 11 20.7 mg
Boron (chelate) 160 640 1280 2400 lg
Nickel (chelate) 2 7.8 15.7 29.4 lg
Vanadium (chelate) 79.6 318.4 636.8 1194 lg
dl-phenylalanine 24 96 192 360 mg
L-glutamine 12 48 96 180 mg
L-methionine 4 16 32 60 mg
Citrus bioflavonoids 16 64 128 240 mg
Grape seed 3 12 24 45 mg
Ginkgo biloba(leaf) 2.4 9.6 19.2 36 mg
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and a 45% decrease in mania scores ( p < 0.01; Frazier et al. 2012).

Among the seven children completing the study, there was a 71%

decrease in depression scores ( p < 0.05) and a 58% reduction in

mania scores ( p < 0.05). Here, we report the following features

related to EMP + treatment and response: 1) Safety measures, in-

cluding physical parameters; 2) pre-post supplementation micro-

nutrient blood level changes and any related associations with

mood symptoms; and 3) dietary measures to determine whether

changes associated with supplementation are related to dietary al-

terations. We hypothesized that supplementation with EMP + for 8

weeks would be associated with no notable side effects, or changes

in participants’ nutritional intakes, body mass index (BMI), and

waist–hip ratio (WHR). Moreover, we expected increases from

baseline in serum concentrations of iron, magnesium, and zinc,

as well as vitamins A, B6, D, E, and folate. We also conducted

exploratory analyses to examine how changes in nutrient se-

rum concentrations were related to changes in mood and global

functioning.

Methods

Prior to study initiation, an Investigational New Drug (IND)

approval was obtained from the Food and Drug Administration

(FDA; IND#102,467) and the study was approved by the institu-

tional review board of The Ohio State University. A parent/legal

representative of each study patient provided written informed

consent, and patients provided written assent prior to administra-

tion of any study procedures. Participation dates were from Sep-

tember 2008 to May 2009. Visits took place within the Harding

Hospital, Department of Psychiatry at the Wexner Medical Center

of The Ohio State University, and The Ohio State University

Clinical Research Center.

Participants

Participants were required to swallow multiple capsules (train-

ing in swallowing was offered), and to tolerate being without

psychotropic medication(s) for a minimum of 11 weeks (3 week

washout + 8 week trial) to maintain ongoing eligibility. Exclusion

criteria included intelligence quotient (IQ) <70, major medical

disorders (e.g., diabetes, epilepsy, metabolic disorders), autism,

psychotic symptoms, or active suicidal plan or intent. Participants

were allowed to continue any ongoing psychosocial interventions,

but they were not allowed to receive psychotropic intervention

throughout the trial. Eleven children ages 6–12 years old completed

screening procedures, and 10 were enrolled and participated in up

to seven assessment visits with each parent–child pair over 8 weeks.

Participants were a mean of 8.9 years at study entry (SD = 2.02) and

6/10 were male. Nine children were white-non Hispanic (90%) and

one was white/Hispanic (10%). Global functioning, measured by

the Children’s Global Assessment Scale (CGAS: Shaffer et al.

1983) ranged from 41 to 55 (mean = 48.50, SD = 5.02). Mood di-

agnoses included: BP-I (10%); BP-not otherwise specified (NOS)

(30%); and subthreshold BP-NOS (60%, of whom two met

American Psychiatric Association: Diagnostic and Statistical

Manual of Mental Disorders, 4th ed., Text Revision [DSM-IV-TR]

[American Psychiatric Association 2000] diagnostic criteria for

major depressive disorder and one met diagnostic criteria for dys-

thymic disorder). (Please see Frazier and colleagues (2012) for an

operationalized definition of subthreshold BP-NOS.) Comorbid

Axis I disorders were present in all with nine having attention-

deficit/hyperactivity disorder (ADHD), five having oppositional

defiant disorder, four having conduct disorder, and six diagnosed

with one or more comorbid anxiety disorders. Three children were

taking psychotropic medications at the time of enrollment. They

were tapered off these medications under supervision of their

prescribing physician, and then completed the minimum 3 week

washout period free of medication prior to beginning EMP + . More

detailed information regarding pretrial medications can be found in

the previously published Frazier and colleagues (2012) main out-

comes article.

Dosing and adverse effects monitoring

Bottles of EMP + provided by the manufacturer were given to

the parents/guardians, who were instructed on dosing based on

manufacturer recommendations. Dosage schedule was one capsule

by mouth three times a day (t.i.d.), which increased by one capsule

t.i.d. every 2 days up to four capsules t.i.d. (target dose). Partici-

pants were advised to take the capsules with food to reduce po-

tential for gastrointestinal upset. Adverse effects were

systematically recorded at each weekly visit with parent and child,

and if these were none or minimal, and mood symptoms were still

present per consensus between parent, rater, and principal inves-

tigators (PIs), dosage could be increased to five capsules t.i.d. at any

time prior to end of study. Dosing could be reduced or titration

slowed at any time for side effects, on permission from the PIs.

Dosing remained unchanged when desirable treatment response

was achieved. Participant adherence was checked by standard

capsule counts of returned unused supplement capsules at each

visit; compliance was encouraged by structured behavioral strate-

gies, such as using in-school administration for noontime doses, as

appropriate.

Measures

History, physical, and adverse effect measures. An initial

comprehensive psychiatric and medical history including past and

current medications was conducted by the study coordinator (EF).

Physical examinations were performed at baseline and end of study

by a certified pediatric nurse practitioner. Vital signs and height,

weight, and waist and hip circumferences were obtained at each

visit, using a standardized technique previously established by

Clinical Research Center nurses. BMI and WHR were calculated.

Adverse effects were obtained from parent and child via ques-

tioning using a semistructured side effect form designed by the PI

to incorporate both previously reported adverse effects from

EMP + , as well as those typical to antipsychotics. Participants were

asked to rate the child’s experience of 29 potential side effects com-

monly found in medical trials as ‘‘absent, mild, moderate, or severe’’

in addition to documenting any changes in sleep or eating habits. The

study team also observed participants for alertness because of the

potential for sedation related to magnesium supplementation.

Psychometric ratings measures. Measures of mood symp-

toms, global functioning, and symptom severity and improvement

were collected at each visit using the Kiddie Schedule for Affective

Disorders and Schizophrenia for School-Age Children-Present

Episode (K-SADS)-Depression Rating Scale (KDRS; Chambers

et al. 1985; Ambrosini et al. 1989), K-SADS-Mania Rating Scale

(KMRS; Axelson et al. 2003), CGAS, and the Clinical Global

Impressions Severity and Improvement Scales (CGI-S, CGI-I:

National Institute of Mental Health 1985), respectively.

Dietary measures. Diet was monitored pre- and post-

supplementation (baseline and week 8) using the standardized
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United States Department of Agriculture (USDA) Automated

Multiple Pass Method 24 hour recall (24hr; Conway et al. 2003) and

a validated Food Frequency Questionnaire (FFQ), administered by

a research dietitian (DH). FFQs were completed by parents to de-

termine the child’s dietary intake on an average week. The 24hr was

completed with the child and parent to determine everything the

participant had consumed the day prior to each blood draw (Weber

et al. 2004; Wilson and Lewis 2004) and supplemented with plastic

and paper food models to increase precision. Dietary records were

kept via a standard log to account for vitamin and mineral intake

from daily foods in addition to the supplement. Dietary records

were entered into the Nutrition Data System for Research (NDS-R)

software (Nutrition Data System for Research 2005a,b), a nutrient

analysis program maintained by the Nutrition Coordinating Center

(NCC) at the University of Minnesota School of Public Health.

Blood draws and micronutrient and inflammatory mea-
sures. A total of 39 mL of whole blood was drawn using sterile

and universal precautions at baseline (week 0, visit 2) and end of

study (week 8, visit 7). Levels of micronutrients supported in the

literature as having beneficial central nervous system (CNS) or

antioxidant effects chosen for assessment included iron, magne-

sium, zinc, and vitamins A, B6, D, E, and folate.

Laboratory analysis

Iron status was determined in two ways: 1) Grossly, from

complete blood count hematological parameters; and 2) from assay

of serum transferrin receptor (sTfR) and ferritin by enzyme-linked

immunoassay (ELISA; Ramco Laboratories, Inc.). sTfR is a sen-

sitive indicator of whole body iron status not subject to conditions

that can affect classic biochemical indices such as serum iron,

transferrin saturation, and ferritin (Cook et al. 1993; World Health

Organization 2001). The sTfR/ferritin ratio is particularly useful for

determining iron deficiency in the absence of anemia in children

(Vazquez-Lopez et al. 2006). As ferritin levels are easily influenced

by environmental factors in the body such as inflammation (Maes

et al. 1996) and the menstrual cycle, sTfR is considered the more

valid estimate of iron stores in the body. Magnesium level was

measured via inductive coupled plasma-mass spectrometry (ICP-

MS; Shaole et al. 1997). Plasma zinc was measured by atomic

absorption spectrophotometry. Plasma pyridoxal-5-phosphate

(PLP), the active isomer of vitamin B6, was determined using a

radioassay kit (Buhlmann Laboratories AG, Switzerland). Vitamin

A, 25-OH vitamin D, and plasma a- and c-tocopherols (TC; vitamin

E) were quantified by high-performance liquid chromatography

(HPLC) with a photodiode detector using a method requiring only

0.10 mL plasma (Podda et al. 1996). Area under the curve (AUC)

for analytes was compared with those of known quantities of pure

standards using five point standard curves. Because of limitation of

amount of samples, duplicated analysis of biological markers (both

by ELISA and atomic absorption spectrometry [AAS]) were per-

formed with the difference of two values from duplicated analysis

acceptable at <10%.

Statistical analyses

Safety. A series of related-samples Wilcoxon signed rank

tests were calculated to examine changes in BMI and WHR be-

tween pre- and postsupplementation (baseline and week 8). These

analyses included the seven participants who completed the entire

study. Reported adverse effects were tallied for total incidents of

each complaint as well as severity of each complaint (see Table 2).

Blood assays. A series of 10 nonparametric, one tailed

Fisher’s randomization tests were performed to analyze levels of

various nutrients pre- and postsupplementation (baseline and week

8) on the seven participants who completed the entire study. Data

were graphed to illustrate nutrient response to treatment. In an

exploratory analysis, nonparametric Spearman’s q correlations

were calculated to examine the relationship between change in

nutrient blood levels and change in mood and global functioning

from pre- to postsupplementation.

Nutritional outcomes. A series of related-samples Wilcoxon

signed rank tests were calculated to examine changes in dietary

intake pre- to postsupplementation (baseline and week 8) with the

seven participants completing the study.

Results

Dosing, duration of treatment, and concomitant
medications

Seven children (70%) completed the study. Three participants

(30%) terminated early because of difficulty swallowing the cap-

sules despite training. Participants remained on supplementation

for an average of 46.4 days (SD = 23.29, median = 55). Of the seven

study completers, five completed the full 56 days of dosing and two

only completed 54 days of dosing, as a result of scheduling. Ex-

cluding the two participants who had dropped out of the study prior

Table 2. Frequency and Severity of Side Effects

Reported Throughout the 8 Week Trial

Side effect Severity
No. of

participants

Initial insomnia mild 3
Shakiness 0
Tongue movements 0
Muscles stiff or ‘‘stuck’’ 0
Eyes ‘‘stuck’’ 0
Headache 0
Dizziness 0
Constipation 0
Diarrhea 0
Dyspepsia 0
Nausea mild 4
Vomiting mild 1
Anxiety 0
Excessive saliva 0
Excessive appetite 0
Dry mouth 0
Blurred vision 0
Nocturnal enuresis mild 1
Rhinitis 0
Menstrual problems 0
Coughing 0
Tachycardia 0
Seizures 0
Skin rash 0
Tinnitus 0
Weight gain 0

One instance of initial insomnia was believed to be related to the spring
transition to Daylight Savings Time per parent report. The report of
vomiting occurred when taking the supplement without food and resolved
when taking the supplement on a full stomach. Per parent report, the
incident of nocturnal enuresis was believed to be unrelated to supplemen-
tation.
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to reaching a full dose, four children took 12 capsules a day and

four took the maximum 15 capsules a day. Although asked not to

change concomitant treatment during the study, one participant

began taking dexmethylphenidate 10 mg per day between study

visits 5 and 6, and continued through the remainder of the study,

because of inattention and impulsivity impairing his school func-

tioning. The addition of dexmethylphenidate (10 mg per day

compared with 25 mg per day taken prior to washout) was well

tolerated without any reported side effects or worsening of mood

symptoms.

Safety

Adverse effects. No deaths or serious adverse effects oc-

curred, and all reported adverse effects were mild and transient; no

participants experienced moderate or severe adverse effects (see

Table 2 for details). Gastrointestinal upset was alleviated by re-

minding affected participants to take EMP + with food; likewise,

occurrences of initial insomnia resolved on taking EMP + earlier

before bedtime.

Physical safety measures. Vital signs including tempera-

ture, heart rate, and blood pressure were within normal limits across

all visits. Children gained weight and grew taller over the course of

the study. Results of a series of nonparametric Wilcoxon signed

rank tests showed no differences in BMI ( p = 0.310) or WHR

( p = 0.674) from pre- to postsupplementation (Table 3).

Blood assays

Table 4 contains pre- and postsupplementation concentrations

of examined nutrients and their normal reference range for the

seven participants completing the study. Serum concentrations of

all nutrients were within normal ranges. Concentrations of four of

the nutrients (vitamin A-retinol, vitamin B6, vitamin E-a-TC, and

folate) significantly ( p < 0.05) increased in response to supple-

mentation with EMP + . The increase in the serum concentration of

25-OH vitamin D from pre- to postsupplementation approached

significance ( p = 0.063). However, this increase appears to be dri-

ven by an outlier from one participant whose postsupplementation

data were collected in early summer. Analyses of vitamin D after

removal of this outlier no longer approached significance ( p =
0.116). This suggests that changes in vitamin D may have been a

result of environmental influences instead of EMP + supplemen-

tation. There were no significant changes in serum concentrations

of iron (sTfR or ferritin), magnesium, or zinc ( p > 0.05). Decreases

in c-TC approached significance ( p = 0.063). The two most abun-

dant TCs in plasma, a- and c-TC, were quantified to assess vitamin

E status. It is unclear whether supplementation with a-TC decreases

plasma levels of c-TC. Although the mean plasma content of c-TC

decreased in response to supplementation with a-TC, the change

was not statistically significant.

Exploratory correlations between micronutrient
level changes and mood symptoms

Additional exploratory analyses found small to moderate posi-

tive correlations between changes in vitamin A (retinol) and de-

pression score, change in serum vitamin B6 and depression score,

and serum folate and global functioning. Small to moderate nega-

tive correlations were found for serum folate and depression and

mania score, and serum vitamin A (retinol) and global functioning;

however, none of these correlations reached statistical significance.

Nutritional outcomes

A series of nonparametric Wilcoxon signed rank tests revealed

no significant differences in dietary intake on FFQ or 24hr from

pre- to postsupplementation, suggesting that increases in serum

concentrations of tested nutrients were caused by the intervention

with the supplement (FFQ, p < 0.088 to p < 0.963; 24hr, p < 0.095 to

Table 3. Mean and Standard Deviation

of Anthropometric Measures

Pre- and Post-EMP + Supplementation

Pre-supplementation
Mean (SD)

Post-supplementation
Mean (SD) p

Height (cm) 141.07 (18.78) 142.79 (18.88) 0.02
Weight (kg) 40.18 (19.66) 43.03 (23.26) 0.05
BMI 19.1 (3.91) 19.7 (5.11) 0.31
WHR (cm) 0.81 (0.05) 0.81 (0.07) 0.67

EMP + , EMPowerPlus; BMI, body mass index; WHR, waist-hip ratio.

Table 4. Mean Serum Concentrations of Vitamins and Minerals Pre- and Post-EMP + Supplementation

Nutrient Reference range
Average pre-EMP +

level Mean (SD)
Average post-EMP +

level Mean (SD)
Significance

(p)

sTfR 2.9–8.3 lg/mL 3.9 (0.82) 3.6 (0.46) 0.600
Ferritin 20.0–400.0 ng/mL 138.3 (104.31) 90.5 (69.97) 0.091
Mg 15.0–30.0 lg/mL 17.3 (1.02) 17.7 (0.49) 0.176
Zinc > 0.8 lg/mL 1.7 (0.42) 1.8 (0.47) 0.612
Vit A: Retinol > 0.70 lmol/L 3.3 (1.16) 5.0 (1.58) 0.018*
Vit B6: PLP 20.0–120.0 nmol/L 54.3 (16.61) 104.0 (41.24) 0.028*
Vit D > 20.0 ng/L 26.3 (3.93) 38.7 (22.22) 0.063
Vit E: a-TC 6–12 lg/mL 6.6 (2.07) 10.6 (3.00) 0.043*
Vit E: c-TC —- 1.3 (0.59) 0.92 (0.35) 0.063
Folate 3.8–23.2 lg/mL 3.9 (1.72) 5.9 (0.75) 0.028*

sTfR and ferritin are markers for iron status.
EMP + , EMPowerPlus; PLP, pyridoxal phosphate; a-TC, alpha tocopherol; c-TC, gamma tocopherol; Mg, magnesium; sTfR, soluble transferrin

receptor.
( - ) not available; (*) significant, p < 0.05.

562 FRAZIER ET AL.



p < 0.995). Although there was a trend for increases in dietary vi-

tamin B12 from pre- to postsupplementation based on the FFQ

( p = 0.06), no notable trends were identified from the 24hr.

Discussion

This small open-label trial provides preliminary data suggesting

that EMP + may be safe in children ages 6–12 with BPSD not

taking mood stabilizing medications. It is also the first to report pre-

post changes in serum concentrations of vitamins and minerals

controlled for by dietary intake. These results support the feasibility

for a double-blind, placebo-controlled study of EMP + in children

with BPSD.

Although frank micronutrient deficiencies are generally as-

sumed to be infrequent in developed countries, more recent data

indicate a relatively high prevalence of vitamin D deficiency in

child and adult populations with depression and psychosis (Gra-

cious et al. 2012; Tolppanen et al. 2012). Vitamin B12 deficiency is

classically known to be related to psychosis. Diet quality is linked

to better mental health outcomes epidemiologically in adolescents

and adults ( Jacka et al., 2011a,b). The possibility that supple-

mentation with EMP + offsets one or more defects in absorption,

tissue distribution, cellular metabolism, or whole body retention of

selected vitamins and minerals merits ongoing consideration and

testing. Such problems may result from subtle mutations or allelic

variation in gene expression for enzyme production, such as in

those with tetrahydrofolate variants (Ellingrod et al. 2008).

Effects on inflammation and relation to mood changes

Micronutrient effects on CNS processes that contribute to

mood symptoms have not been adequately investigated. Potential

mechanisms of action for relevant nutrients found in the EMP +
supplement are described subsequently.

Iron. Serum ferritin and soluble transferrin receptor were used

as biomarkers for possible inflammation and iron status. Elevated

serum ferritin has been associated with melancholic major de-

pressive disorder, induced by corresponding inflammatory-immune

changes (Maes et al. 1996). Our patients showed a decreasing trend

in serum ferritin and no significant change in sTrR, which is con-

sistent with the proposed anti-inflammatory activity for EMP + and

not a reduction in iron status, as the soluble transferrin receptor is a

better measure of body iron stores than ferritin. The iron content in

15 capsules of EMP + (as chelate) is <100% of the recommended

daily value; therefore, excessive intake is unlikely.

Vitamin A. Vitamin A deficiency remains a widespread public

health problem in rural areas of developing nations, and predomi-

nantly affects pregnant women and preschool children. This con-

dition contributes to night blindness, loss of eyesight, and early

mortality from infectious diseases, especially measles (National

Institutes of Health Office of Dietary Supplements 2012). A highly

grain-based diet, without animal products (including dairy) or fruit

and vegetable supplementation, contributes to this deficiency. Re-

tinyl palmitate (384 IU per capsule) is the vitamin A component of

EMP + . Administration of 15 capsules per day (5760 IU) does not

exceed the tolerable upper intake limit of 9333 IU per daily (ULs)

for preformed vitamin A. However, as a fat-soluble vitamin with

potential to contribute to cancer, decreased bone mass, pseudotu-

mor cerebri, and congenital birth defects (Institute of Medicine

2001), caution is recommended for chronic intake. A summary of

neuropsychiatric presentations related to vitamin A toxicity is

presented in a review of isoretinoids and affective disorders

(Bremner et al. 2012), including mechanisms involving retinoic

acid signaling in the hypothalamus that contributes to overactivity

of the HPA axis via corticotropin-releasing hormone. Vitamin A

may also contribute to an increase in oxidative stress in the CNS;

animal models have shown tissue concentration in the CNS is

greater than that in serum (de Oliveira et al. 2008).

Pyridoxine (Vitamin B6). Vitamin B6 (pyridoxine) is an es-

sential cofactor required for the re-methylation of homocysteine to

cysteine. Folate status also affects serum homocysteine, and to-

gether with vitamin B6 modulates serotonin and catecholamines,

which are important transmitters in mood disorders. B6, as the

active form pyridoxal-6-phosphate, is a coenzyme for production of

serotonin. However, this study found no evidence directly linking

the increased concentration of serum vitamin B6 after EMP +
supplementation with improvements in mood or psychotic symp-

toms. In fact, there was a negative correlation between increased

pyridoxine blood concentration and mood and global improvement,

possibly from a speculative enzyme or coenzyme deficiency for

conversion of supplemented pyridoxine to the active PLP, resulting

in a hypothesized ‘‘backup’’ of pyridoxine. This speculation could

be examined in a future study (Malouf and Grimley Evans 2003).

Vitamin B6 is an understudied micronutrient in terms of its effect

on mood disorders, especially as vitamin B6 deficiency does occur

clinically.

Vitamin D. Vitamin D deficiency is associated with depres-

sion and psychosis in epidemiologic samples (Bertone-Johnson

2009; Berg et al. 2010). Vitamin D is neuroprotective to hippo-

campal cells, regulating calcium ion channels and activating pro-

tein kinase C (PKC) and mitogen-activated protein kinase (maPK)

pathways (McCann and Ames 2008). Mean serum concentration of

25-OH vitamin D was at the lower limit of adequacy at baseline.

Initially, changes in vitamin D in the current sample approached a

significant increase over the 8 week trial. However, the post-

supplementation data from one participant who ended the study in

the summer created an outlier that appeared to be driving the trend

toward significance in pre- to postsupplementation changes in vi-

tamin D. When analyzed after removing this outlier, changes in

vitamin D no longer approached significance. This suggests that

environmental factors, including increased sun exposure in the

summer, may have contributed to the increase in vitamin D.

However, because of the single instance of this result, conclusions

regarding whether or not EMP + raised serum concentrations of

vitamin D in this study remain unclear. Daily intake of 1440 IU of

cholecalciferol (vitamin D3) total from the 15 capsules per day

exceeds the current recommended daily allowance (RDA) of

600 IU for individuals 1–70 years of age (Ross et al. 2011), but is

below levels that have been reported to be safe for adolescents

given supplementation for up to 1 year (Maalouf et al. 2008; Arpadi

et al. 2009).

Vitamin E. Vitamin E, as a-TC, has antioxidant properties

and anti-inflammatory effects within lipid-rich membranes. a-TC

reduces both prostaglandin-E2 production by macrophages and

pro-inflammatory cytokine synthesis and secretion by activated

macrophages and monocytes (Capuron et al. 2009). c-TC also re-

duces prostaglandin E2 synthesis by even greater inhibition in

cyclooxygenase (COX)-2 activity in macrophages, as well as re-

ducing COX-2 activity in epithelial cells ( Jiang et al. 2000). Safety

data and dosing for vitamin E is as yet unclear for different human
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populations. A U-shaped dose response curve may exist for the

anti-inflammatory effects of c-TC, with implications for safety

(McCary et al. 2011). The dose of a-TC in EMP + as recommended

(360 IU total from 15 capsules per day) is lower than that shown to

be safe and effective in a small RCT in children with immuno-

globulin (Ig)A nephropathy (400 or 800 IU/day, respectively for

body weights of <30 kg or >30 kg; Chan et al. 2003), but signif-

icantly more than the United States RDA (http://ods.od.nih.gov/

factsheets/VitaminE-HealthProfessional/ ). Concern about differ-

ential responses to vitamin E supplementation in children versus

adults and healthy versus chronic disease status exists. Adult vi-

tamin E supplementation study findings have shown an increase in

all-cause mortality (meta-analysis; Miller et al. 2005), a greater rate

of cognitive decline in those with Alzheimer’s disease (Galasko

et al. 2012), and a trend toward new cases of prostate cancer in men

(Klein et al. 2011). Thabet et al. (2006) cite other studies including

meta-analyses that did not confirm these concerns, providing data

supporting safety of vitamin E for renal disease patients, especially

in children. Response versus worsening may depend upon the

presence and degree of oxidative stress present, at least for those

with Alzheimer’s disease (Lloret et al. 2009). Also, a coantioxidant

may be necessary to reduce a-TC after oxidation to prevent gen-

eration of lipid radicals (Thabet et al. 2006). Further study of the

effects of supplemental vitamin E on brain function and illness are

needed before it can be considered useful and/or safe in all popu-

lations and ages.

Folic acid (vitamin B9). Folate deficiency is present in up to

50% of those with depression (Alpert and Fava 1997), and genetic

variants associated with reduced folate metabolism result in in-

flammation and elevated homocysteine levels, which can reduce

the concentrations of the neurotransmitters serotonin, norepineph-

rine, and dopamine (Bottiglieri 2000). Adjunctive L-methyl folate

has recently been shown to be helpful in adults with treatment-

resistant depression (Papakostas et al. 2012). Participant serum

concentrations of folate in our study were either deficient or close to

deficient at baseline, an unexpected finding, given that grain

product fortification with folic acid was mandated in the United

States effective January 1, 1998 (Oakley et al. 1996). Patients with

bipolar disorder who are taking valproic acid, which is an inhibitor

of folic acid absorption, are more likely to be folate deficient.

Serum folate concentrations increased in response to supplemen-

tation with EMP + , although they were still below those reported

for children taking vitamin supplements (Bailey et al. 2012). This

change was associated with a trend toward decreasing depression

and small to moderate improvements in global functioning, indi-

cating that folate may be a potential adjuvant for the treatment of

BPSD. Intake of 1440 lg supplemental folic acid in 15 capsules of

EMP + merits further consideration, as this amount is higher than

that in most folic acid supplements. The United States reference

daily intake (RDI) is 300 lg for children ages 9–13 years and

200 lg per day for children ages 4–8 years (Institute of Medicine

1998). As folate is water soluble, it is generally considered to be

nontoxic, but a caution exists. In adults, doses >1 g/day of folic

acid may mask vitamin B12 deficiency (Institute of Medicine

1998). Combining folic acid with vitamin B12 in supplements is

generally assumed to offset such risk. Daily intake of vitamin B12

in 15 capsules of EMP + is 900 lg, well above the dietary reference

intake (DRI) for men and women of 2–3 lg per day. Vitamin B12

supplementation (given in EMP + as cyanocobalamin) is generally

considered safe in higher doses except for those who may have

undiagnosed conditions of megaloblastic anemia or hereditary

optic atrophy. Therefore, a complete blood count and excluding for

optic atrophy could be justified before recommending supple-

mentation with EMP + , although these conditions in children may

be extremely rare in the United States.

Prostaglandin and eicosanoid modulation effects

EMP + may also decrease inflammation by reducing synthesis of

prostaglandin E2 and other series 2 icosanoids derived from ara-

chidonic acid. Effects of omega-3 fatty acids with and without

psychoeducational psychotherapy in children with depression or

BP-NOS are currently under study by our group. A logical next step

might be to test whether omega-3 fatty acids and EMP + micro-

nutrients have an additive effect, and whether they may be ad-

dressing a metabolic inflammatory imbalance from different entry

points.

Individual variations in nutrition

Optimal nutritional status requires detailed clinical, biochemi-

cal, dietary, and anthropometric information to define the personal

needs of an individual (Kaplan et al. 2007). Ubiquitous individual

and familial genetic variations that affect nutrient metabolism add

to the complexity of defining optimal nutrition for any individual.

Methods to accurately assess how different amounts of nutrients

directly affect brain function are lacking. Analyses used in this

study examined serum concentrations of various nutrients from

participants as indicators of dietary intake and peripheral metabo-

lism as opposed to nutrient concentrations and activity in the CNS.

The data suggest that supplementation was associated with in-

creased concentrations of serum vitamins A-retinol, B6, E (a-TC),

and folate. Exploratory analyses showed variable correlations be-

tween changes in these nutrient blood levels and some changes in

mood and global functioning scores that are not interpretable at this

time, because of the small sample size and lack of power. Collec-

tively, these trends illustrate the limitations of a very small open

feasibility sample, and our limited understanding of vitamin and

mineral nutrition and the biochemistry of the brain.

Conclusions

These preliminary results are the first to report impact of daily

supplementation on serum micronutrient measures, and add to the

support for further investigation of EMP + . A larger double-blind

RCT in youth with BPSD appears feasible, and is warranted by the

encouraging open clinical outcomes of this 8 week open study,

which include the ability of the supplement to increase serum

concentrations of certain nutrients with limited transient side ef-

fects reported. Future studies of EMP + will ideally use functional

biomarkers and imaging techniques to better understand how

changes in intake of various nutrients may affect CNS functioning

and mood states; maintenance studies will determine long-term

safety. It may be ultimately that individualized nutrient supple-

mentation is optimal based on detectable genetic variations

in micronutrient metabolism, including receptor or transcription

factors.

Clinical Significance

Increasing evidence illustrates the important role that micro-

nutrients play in both physical and mental health. Current psy-

chotropic medications for childhood BPSD are associated with

significant adverse events, and treatments with a more acceptable

risk–benefit ratio are sorely needed. Multinutrient supplement
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interventions may be useful in treating pediatric mood disorders

with few side effects. The current investigations explores the

safety, tolerability, and serum micronutrient concentrations and

their correlations with mood changes from an 8 week pilot feasi-

bility study of a 36 ingredient multinutrient supplement, EMP + ,

for pediatric BPSD. Results showed that EMP + appeared safe and

well tolerated, with a side effect profile preferable to that of first-

line psychotropic drugs for pediatric BPSD, suggesting that further

more rigorous scientific study is needed to determine if EMP +
continues to show a more preferable risk–benefit ratio when com-

pared with placebo in an RCT.
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