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Effect of Omega-3 and Korean Red Ginseng on Children with
Attention Deficit Hyperactivity Disorder: An Open-Label Pilot Study
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Objective: The purpose of the present study was to evaluate the efficacy of omega-3 and Korean red ginseng on improv-
ing attention deficit hyperactivity disorder (ADHD) symptoms and cognitive function in children with ADHD.
Methods: A total of 40 children aged 6 to 12 years diagnosed with ADHD participated in this open-label trial.
Participants received daily supplements containing 500 mg of omega-3 (eicosapentaenoic acid, 294 mg; docosahex-
aenoic acid, 206 mg) and 3 mg of Korean red ginseng extract (combination of ginsenoside Rgl, Rb1, and Rg3) for
12 weeks. No psychotropic drug was allowed during the study period. ADHD symptoms were assessed using the ADHD
Rating Scale (ADHD-RS) and Clinical Global Impression-Severity (CGI-S) scale. Neuropsychological tests on sustained
attention, short-term memory, and executive function were also assessed.

Results: After 12 weeks, participants showed significant improvements on ADHD-RS (31.12 + 8.82 at baseline, 24.15 +
11.45 at endpoint; p < 0.001) and CGI-S (3.38 = 1.18 at baseline, 2.94 + 1.00 at endpoint; p < 0.001). On the
Continuous Performance Test, commission errors significantly decreased, while reaction time significantly increased.
Immediate recall and delayed recall on both Auditory Verbal Learning Test and Complex Figure Test showed significant
improvements. Scores of Color—Word Task from Stroop Color—Word Test also showed significant improvements after
the treatment. The supplement was well tolerated.

Conclusion: The results of this pilot study suggest that the combination of omega-3 and Korean red ginseng may improve
ADHD symptoms and cognitive function including attention, memory, and executive function in children with ADHD.
Future randomized placebo-controlled trials with a larger sample is warranted.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a
neurodevelopmental disorder marked by ongoing symp-
toms of inattention, hyperactivity and impulsivity, which
interferes with development and functioning in multiple
cognitive domains, including attention, memory, and ex-
ecutive function [1]. Although psychostimulants for ADHD
are known for its high efficacy, many parents are still re-
luctant in electing pharmacotherapies for their ADHD
children due to concerns of side effects, especially for
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those with relatively moderate symptoms [2,3].
Omega-3 polyunsaturated fatty acids (PUFAs), includ-
ing eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) are essential nutrients that provide a range of
neurobiological activities via anti-inflammation, anti-oxi-
dation, neuroplasticity, and modulation of neurotrans-
mitters. Many studies have reported that omega-3 has
beneficial effects on mood and anxiety disorders [4]. It al-
so has been reported that children with ADHD have low
levels of omega-3 PUFAs and that these correlated sig-
nificantly with ADHD symptoms [5]. Many clinical trials
have been performed to evaluate the effects of the ome-
ga-3 supplementation in ADHD children, suggesting sig-
nificant, but small inconsistent results [6-8].
Ginsenosides, a saponin constituents of the Korean red
ginseng (Panax ginseng), have been reported to have vari-
ous effects on the central nervous system [9]. Rodent mod-
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els showed that ginsenosides can facilitate the release of
acetylcholine especially in the hippocampus and increase
dopamine and norepinephrine concentrations in the cer-
ebral cortex [10,11]. The neurotrophic and neuro-
protective properties of ginsenosides have also been sug-
gested [12]. While much more research needs to be done
on the effects of Korean red ginseng on ADHD, a recent
randomized placebo-controlled study showed that
Korean red ginseng significantly improves ADHD symp-
toms in children [13].

Given the significant but relatively small and limited ef-
fect of omega-3 on ADHD, combining another type of
well-tolerated dietary supplement with a potential effect
on ADHD such as Korean red ginseng may produce bene-
ficial effects. The present pilot study aimed to investigate
the efficacy of combined omega-3 and Korean red gin-
seng supplementation on ADHD symptoms and cognitive
function in children with ADHD.

METHODS

Study Design and Participants

This was a 12-week, open-label pilot study. The study
was approved by the Institutional Review Board of
Soonchunhyang University Hospital (SCHBC 2016-11-015-
002). School-aged children between 6 and 12 years with
attention problems were recruited for this study through
advertisements and clinical referrals from 3 uni-
versity-based hospitals. Informed consent and written as-
sent were obtained by all parents and children,
respectively. The clinical diagnosis of ADHD and co-
morbidities of the participants were confirmed by a child
psychiatrist using the Kiddie Schedule for Affective
Disorders and Schizophrenia (K-SADS).

Exclusion criteria included significant psychiatric dis-
orders (depressive disorder, bipolar disorder, psychotic
disorder, and Tourette’s disorder), developmental disorders
(intellectual disability and autism spectrum disorder), neu-
rologic disorders (epilepsy and brain damage), and on-
going chronic medical conditions. Children who had tak-
en psychotropic drugs during the past 3 months preceding
inclusion and those in need of emergent pharmacological
treatment for ADHD were also excluded.

Study Treatment
Participants received daily supplements containing

500 mg of omega-3 (EPA, 294 mg; DHA, 206 mg) and 3
mg of Korean red ginseng extract (combination of ginse-
noside Rg1, Rb1, and Rg3) for 12 weeks. This dosage and
EPA/DHA ratio were chosen based on previous studies
[7,13]. No psychotropic drugs were allowed during the
trial. Compliance was assessed by counting the leftover
pills that parents returned to the investigators at each visit.
Participants who consumed lower than 70% of assigned
pills were considered noncompliant and were withdrawn
from the study.

Primary Outcome Measures

ADHD Rating Scale (ADHD-RS) and Clinical Global
Impression-Severity (CGI-S) were assessed at 4 time
points: baseline, week 2, week 6, and week 12. ADHD-RS
is composed 9 items reflecting symptoms of inattention
and 9 items reflecting symptoms of hyperactivity and im-
pulsivity [14]. In this study, the clinician administered and
scored the validated Korean version of ADHD-RS [15]. CCI-S
assesses the clinician’s impression of the patient’s current
illness state on a 7-point scale from 1 (normal, not ill) to 7
(among the most extremely ill patients) [16].

Secondary Outcome Measures

The following neuropsychological tests examining at-
tention, memory and executive function were performed
at baseline and endpoint.

Advanced Test of Attention is a computerized Continuous
Performance Test (CPT) developed in Korea to measure a
child or adolescent’s sustained and selective attention [17].
This test generates age- and sex-adjusted T scores (mean +
standard deviation, 50 + 10) of omission error, commis-
sion error, reaction time, and reaction time variability.
Scores above 60 are considered borderline and scores
above 70 are considered problematic.

Rey’s Auditory Verbal Learning Test (AVLT) and Complex
Figure Test (CFT), reorganized and standardized for Korean
children were used [18]. AVLT assesses verbal learning
and memory, while CFT measures visuospatial abilities
and visual memory. The scores are presented as age- and
sex-adjusted converted score (10 + 3). Higher scores in-
dicate better performance.

Stroop Color—Word Test (SCWT) is one of the most
widely used measure of executive function which has
been modified in numerous versions. The Korean version
of SCWT standardized for children from the Kims Execu-
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tive Intelligence Test was used in the study [19]. Time re-
quired to complete the 3 tasks—Color, Word, Color—
Word—is measured and presented as age- and sex-ad-
justed converted score (10 + 3).

Safety and Tolerability

The safety and tolerability of the study treatment was
assessed by monitoring adverse events, vital signs and
physical examination. At each study visit, parents were
asked an open-ended question regarding adverse events.
The investigator recorded all reported adverse events and
judged each event in terms of its relationship to the study
treatment.

Statistical Analysis

Repeated measures ANOVA with Bonferroni’s correc-
tion were conducted for the analysis of the change in
ADHD-RS and CGI-S scores over the 12-week ftrial.
Modified intention-to-treat analysis included participants
who started the treatment and received at least one
post-baseline assessment. For those who did not complete
the full trial, the last ADHD-RS and CGI-S score was car-
ried forward to the 12-week (n = 4).

Paired ¢ tests were conducted to compare the baseline
and endpoint scores of the neuropsychological test mea-
sures. Per-protocol analysis included participants who
followed the protocol and completed the entire trial.
Intention-to-treat analysis was not employed because the
present study was a non-randomized study mainly con-
cerned with the treatment efficacy, and none of the drop-
ped-out participants received post-baseline neuropsy-
chological tests.

Changes in vital signs of the intention-to-treat sample
were compared at baseline and endpoint using paired
t tests. The comparison of the demographics and the
baseline scores of ADHD-RS between the participants
who dropped out and those who completed the trial was
performed by Mann —Whitney test and Fisher’s exact test.
Effect sizes were reported using Cohen’s d. All analyses
were performed with the SPSS Statistics version 20 (IBM
Co., Armonk, NY, USA). A p value < 0.05 was consid-
ered statistically significant.

RESULTS

Forty children (31 boys, 9 girls; mean age, 8.00 + 1.45

Table 1. Baseline characteristics of the participants (n = 40)

Characteristic Data

Age (yr) 8.00 +1.45
Sex

Male 31(77.5)

Female 9 (22.5)
School year

1st grade 11 (27.5)

2nd grade 13(32.5)

3rd grade 7(17.5)

4th grade 5(12.5)

5th grade 3(7.5)

6th grade 1(2.5)
ADHD type

Inattentive 16 (40.0)

Hyperactive/impulsive 1(2.5)

Combined 23 (57.5)
Baseline ADHD-RS 31.45 +8.77
Baseline CGI-S 3.43+1.20

Values are presented as mean =+ standard deviation or number (%).
ADHD, attention deficit hyperactivity disorder; ADHD-RS, ADHD-
Rating Scale; CGI-S, Clinical Global Impressions-Severity.

years) diagnosed with ADHD were enrolled in the study
(Table 1). Six children dropped out during the trial: 4 were
unable to meet scheduled study visits and 2 were
noncompliant. Mean age, gender distribution and base-
line scores of ADHD-RS between those who dropped out
and those who completed the study didn’t show any sig-
nificant difference. The mean of baseline ADHD-RS score
was 31.45 = 8.77, and the mean CGI-S score was 3.43 +
1.20, which corresponds to ‘mild to moderate” ADHD [20].

After 12 weeks, participants showed significant im-
provements on ADHD-RS (31.45 + 8.77 at baseline,
24.75 +11.08 at week 12; p < 0.001) and CGI-S (3.43 +
1.20 at baseline, 3.00 = 1.04 at week 12; p < 0.001)
(Table 2). Both scores improved significantly 6 weeks after
initiation of treatment and continued to improve over the
course of the trial.

On the visual CPT, commission errors significantly de-
creased, while response time significantly increased at
endpoint compared to baseline (Table 3). Immediate re-
call and remote recall on both AVLT and CFT improved
significantly. On SCWT, scores of Color—Word Task
showed significant improvements.

Tolerance of the supplement was good, with only one
case reporting transient headache potentially related to
the treatment. Monitored vital signs including blood pres-
sure and pulse rate showed no significant difference.
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Table 2. Change in ADHD-RS and CGI-S scores

Scale Baseline Week 2 Week 6 Week 12 F ES
ADHD-RS
Total 31.45+£8.77 28.95+11.35 26.13 £ 11.96*** 24.75 £ 11.08*** 20.63%** 1.45
Inattention 18.35 +£5.20 17.08 = 6.40 15.40 = 6.81*** 14.63 + 6.52%** 18.45%+* 1.38
Hyperactivity 13.10+6.16 11.88 +6.53* 10.73 + 6.42%** 10.13 = 6.09*** 13.94%+* 1.1
CGI-S 3.43+£1.20 3.25+1.03 2.98 £ 0.97%** 3.00 + 1.04%** 11.36%** 1.08
Values are presented as mean =+ standard deviation.
ADHD-RS, Attention Deficit Hyperactivity Disorder-Rating Scale; CGI-S, Clinical Global Impressions-Severity; ES, effect size.
*p < 0.05, ¥**p < 0.001; in relation to baseline (Bonferroni’s post-test).
ES was calculated as Cohen’s d (0.8 = large, 0.5 = medium, and 0.2 = small).
Table 3. Baseline and endpoint results of neuropsychological tests
Test Baseline Endpoint t ES
CPT
Visual
Omission errors 73.94 +20.13 76.00 £ 20.17 —0.57 0.10
Commission errors 83.29 £ 18.57 73.68 + 22.25 4145k 0.71
Reaction time 52.06 = 15.07 59.21 +14.80 —3.60%** 0.62
Reaction time variability 70.09 = 17.51 71.68 £18.11 —0.502 0.09
Auditory
Omission errors 66.79 = 21.11 69.74 + 21.92 —0.90 0.15
Commission errors 70.59 + 21.65 65.09 + 18.19 2.03 0.35
Reaction time 41.41 £15.90 44.06 = 14.04 —1.33 0.23
Reaction time variability 50.68 + 14.59 52.50 +12.92 —0.70 0.12
AVLT
Immediate recall 10.35 = 2.64 12.76 +3.17 —5.01%** 0.86
Delayed recall 8.85 +3.10 10.21 £ 3.56 —2.78* 0.48
Delayed recognition 10.15+2.88 9.79 £ 2.91 0.79 0.14
CFT
Drawing 8.12+£2.84 8.32 £ 2.80 —0.47 0.08
Immediate recall 8.74+2.78 10.74 = 3.50 —3.50%** 0.60
Delayed recall 8.85 +2.90 10.29 £ 3.65 —2.48* 0.43
SWCT
Color 9.24 + 3.37 9.35+3.37 —0.268 0.05
Word 8.71+3.13 9.56 = 3.67 —1.70 0.31
Color—Word 8.79 £ 3.40 9.76 = 3.02 —2.23* 0.38

Values are presented as mean =+ standard deviation.

ES, effect size; CPT, Continuous Performance Test; AVLT, Auditory Verbal Learning Test; CFT, Complex Figure Test; SWCT, Stroop Color —Word Test.

*p < 0.05, *p < 0.01, **p < 0.001.

ES was calculated as Cohen’s d (0.8 = large, 0.5 = medium, and 0.2 = small).

DISCUSSION

Combination of omega-3 and Korean red ginseng im-
proved symptoms of ADHD in children as demonstrated
by reduction in the clinician-administered ADHD-RS and
CGI-S scores. Many previous studies on omega-3 have
shown significant effects in improving clinical symptoms
of ADHD [7]. Still, there are few studies which showed the
improvements by neuropsychological tests. The results of
the present study showed improvements in several neuro-

psychological variables.

First, attention was improved demonstrated by de-
creased commission errors on the CPT. A previous study
of omega-3 on ADHD children showed significant im-
provement in many variables including commission er-
rors on the CPT [21]. A previous study of red ginseng on
ADHD children showed significant difference in omission
errors on the CPT [22]. In the present study, the commission
error at baseline had the worst score compared to other
variables. This may provide explanation for why only the
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commission errors showed improvement. Other variables
could have had too little possibility of improvement.
Another significant difference on the CPT was the in-
creased response time after the treatment. The response
time at baseline and endpoint were both within the stand-
ard deviation of mean of the T-score (50 + 10). Therefore,
it could be suggested that the response time changed
within normal limits, implying not much clinical signifi-
cance.

Second, improvements in short-term memory were
found on the AVLT and CFT. Previous studies of omega-3
have failed to show any significant difference in memory
variables in ADHD children [23-25]. One possible explana-
tion for such negative results is that psychostimulants
modulates higher cortical functions upon activation of the
noradrenergic system in the brain, but omega-3 fatty
acids, especially DHA may depress central noradrenergic
system which has been shown to have aggression-con-
trolling effects [25]. Therefore, ginsenosides’ effect on nor-
epinephrine and acetylcholine may have had a role in the
improved memory variables in the present study.

Third, improvements in executive function were found,
demonstrated by improvement of scores of Color—Word
Task found on the SWCT. The Color—Word task espe-
cially measures mental flexibility and the ability to inhibit
dominant response. The results were consistent with the
previous study which showed significant improvement of
executive function on the SCWT by omega-3 on Mexican
children [23].

The present study has important limitations because of
the methodology and small sample size. The study was an
open-label study which is vulnerable to observer bias and
placebo effect. The lack of control group makes it impos-
sible to determine whether the improvements are due to
the treatment or other nonspecific factors. Lastly, it is un-
clear whether the results of the present study are effects of
omega-3, Korean red ginseng, or the combination.

The present study demonstrated a significant improve-
ment in ADHD symptoms and cognitive function includ-
ing attention, memory and executive function in children
with ADHD by combined supplementation of omega-3
fatty acids and Korean red ginseng, which was well-
tolerated. These findings are preliminary and warrants
confirmation in larger, double-blind, randomized, place-
bo-controlled trials with longer periods. The effect of
combining omega-3 and Korean red ginseng, compared

to that of omega-3 and Korean red ginseng alone should
also be investigated.
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