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a b s t r a c t 

Background: Gintonin inhibits β-amyloid production, increases acetylcholine level in the brain, and pro- 

motes neurogenesis. We evaluated the efficacy of gintonin-enriched fraction (GEF) in improving the cog- 

nitive performance in subjective memory impairment. 

Methods: In this 8-week, randomized, assessor and participant blinded, placebo–controlled study, partic- 

ipants with subjective memory impairment but preserved cognitive function (Korean Mini-Mental State 

Examination [K-MMSE] score ≥23) were assigned to GEF 300mg/day or placebo. K-MMSE, Korean ver- 

sions of the Alzheimer’s disease assessment scale, color-word stroop test (K-CWST), clinical dementia rat- 

ing, and Beck depression inventory-II were evaluated along with the safety profiles. The primary outcome 

was set as the change in the K-MMSE. 

Results: Seventy-six participants complete the study protocol. After 8 weeks, there was no inter-group 

difference in the primary or secondary outcome score changes. However, GEF group showed an improve- 

ment in the K-MMSE scores ( P = 0.026), and in the number of correct answers in both word reading ( P = 

0.008) and color reading ( P = 0.005) of K-CWST, although only the improvement in the K-CWST scores 

were higher than the minimum clinically important difference. The frequency of adverse events was com- 

parable between the groups and all were of mild severity. 

Conclusion: GEF is safe but might not be effective in treating subjective memory impairment within the 

current study setting. However, GEF showed a trend of improving the global cognition and the frontal 

executive function. Further large-sized studies with longer follow-up period are warranted. 

Clinical trial registration: This clinical trial was registered at Clinical Research Information Service of Korea 

Centers for Disease Control and Prevention: KCT0 0 04636. 

© 2021 Korea Institute of Oriental Medicine. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Although dementia has a rapidly increasing global incidence 

nd substantial clinical and socioeconomic burden, 1 the efficacy of 

rugs for treating dementia is limited to the level of symptom al- 

eviation and delaying the disease progression. 2 According to the 

ecent findings that pathologic, functional, and structural changes 

n the brain begins to progress as early as twenty years before the 

linical symptoms of dementia becomes evident. 3 In this regard, 

arly recognition and modification of the disease pathomechanism 
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s increasingly recognized as the key to improve the clinical course 

f dementia. 2 , 4 Subjective memory impairment is a status that a 

ubject is complaining an apparent decrement of memory function 

ompared to the subject’s previous state without any abnormal- 

ty in other cognitive functions. Subjective memory impairment is 

ery frequent in the aged population and substantially affects the 

aily function. 5 Although the presence of subjective memory im- 

airment is highly associated with the risk of progression to de- 

entia, 5 , 6 taking medications for dementia at the stage of subjec- 

ive memory impairment is not recommended due to their limited 

linical benefit over the potential adverse effects, which commonly 

ncludes include diarrhea, nausea, vomiting, leg cramps, and sleep 

isturbance. 7-9 Therefore, the role of dietary supplement with neu- 

oprotective effect is relatively emphasized, but most of the dietary 

upplements has insufficient evidence of improving cognitive func- 

ion. 10 

Increasing evidences indicate that ginseng extracts might be 

ffective in im proving cognitive function. 11 , 12 In addition to the 

raditional concept that effect of ginseng on cognitive function 

s mediated by sapoinin, 13 , 14 it has recently been recognized 

hat highly concentrated lysophosphatidic acid (LPA), a G protein- 

oupled receptor ligand, in ginseng, 15 improves cognitive func- 

ion via mechanisms distinct from those of saponin. 16 , 17 Gin- 

onin is a high concentration extract of ginseng-containing LPA, 

hich inhibits the production of β-amyloid (A β) from amyloid 

recursor protein (APP) by activating neuronal LPA receptors, 18 and 

romotes the release of soluble APP- α, which has a neuropro- 

ective property. 18 Gintonin also increases long-term potentiation 

LTP) and synaptic transmission by LPA receptor mediated activa- 

ion calcium-dependent ion channels, 19 , 20 stimulates acetylcholine 

ynthase and increase the production of acetylcholine in the hip- 

ocampus. 17 , 18 Additionally, gintonin forms a complex with Gin- 

eng Major Latex-like Protein151 (GLP151), a ginseng-specific gly- 

oprotein, which stabilizes ginseng LPAs and enhances LPAs’ bind- 

ng affinity to LPA receptor. 18 , 21 

Recently, we reported a cognitive improving effect after 12 

eeks of gintonin administration in 9 subjects with mild demen- 

ia, although the study has limitations as a small sized single arm 

tudy. 22 In the current study, we performed a randomized, as- 

essor and participant blinded, placebo controlled clinical trial to 

valuate the safety and cognitive improving effect of the gintonin- 

nriched fraction (GEF) in subjects with subjective memory impair- 

ent. 

. Methods 

.1. Trial registration 

This clinical trial was registered at Clinical Research Information 

ervice; Korea Centers for Disease Control and Prevention, Ministry 

f Health and Welfare, Republic of Korea (KCT0 0 04636, date of reg- 

stration: October 01, 2019, https://cris.nih.go.kr/ ). 

.2. Study design and procedures 

The current study was designed as a randomized, assessor and 

articipant blinded, placebo–controlled fashion. At baseline, partic- 

pants’ medical histories, performed physical and laboratory exam- 

nations were reviewed. Participants who met the inclusion criteria 

ere then randomly assigned to GEF and the placebo groups with 

:1 allocation ratio. 

.2.1. Ethical statement 

The study protocol and supporting documentation were ap- 

roved by Institutional Review Board (IRB) of SNUH (H-1711-092- 

01) and the study was performed in compliance with the SNUH 
2 
RB regulations and the International Conference on Harmonisation 

uideline for Good Clinical Practice. Written informed consent to 

articipate was obtained from all enrolled participants. 

.3. Eligible criteria 

Subjects aged between 50 and 85 and with subjective mem- 

ry impairment were recruited from the Neurology department of 

he Seoul National University Hospital. Subjective memory impair- 

ent was designated as the subject’s self-reporting of the sub- 

ective feeling of decrement in memory function compared to the 

ubject’s previous state, without objective impairment in the cog- 

itive function, screened using Korean Mini-Mental State Exami- 

ation (K-MMSE, score ≥23). 23 We excluded subjects who (1) are 

aking ginseng or health functional foods containing ginseng com- 

onents; (2) have allergies or hypersensitivity to ginseng; (3) have 

n established liver disease or with serum alanine transaminase, 

spartate aminotransferase, or bilirubin levels equal or greater than 

hree times the upper limit of the normal range; (4) have a chronic 

idney disease with serum creatinine level of greater than 2.0 

g/deciliter (176.7 μmol/liter) or on dialysis; (5) has medical sta- 

us that interferes with food absorption or oral administration of 

he drug; (6) are being treated for major mental illnesses such as 

ood disorders or schizophrenia; (7) have been diagnosed with 

ementia; (8) are taking medications for dementia, drugs or other 

ietary supplements that may affect memory and cognitive func- 

ion, or other drugs on clinical trials for cognitive improving effect 

ithin 4 weeks from the time of inclusion; (9) addicted to alco- 

ol or other drugs; (10) are pregnant, planning a pregnancy, or on 

reast feeding; or (11) have participated in another clinical trial 

ithin one month of visit. 

.4. Intervention 

.4.1. GEF 

The GEF group received two 400 mg tablets containing GEF 

50 mg and excipient compound (dextrin, crystalline cellulose, 

aramel pigment, gardenia yellow pigment, magnesium stearate, 

ilicon dioxide) 250 mg once daily for 8 weeks. Daily dosage of 

EF administration was decided by calculating the equivalent dose 

f a dosage used in a mouse in vivo experiment that observed a 

ognitive improving effect after using 25-100 mg/kg/day of GEF to 

 human adult with body weight of 60 kilograms. 17 , 21 

.4.2. Placebo group 

The placebo group received two 400 mg tablets containing crys- 

alline cellulose 374 mg and excipient compound (caramel pig- 

ent, gardenia yellow pigment, magnesium stearate, silicon diox- 

de) 26mg once daily for 8 weeks. 

GEF and placebo tablets used for the study were manufactured 

y Gintonin KU Biotech Co.,LTD. (Republic of Korea), in a Good 

anufactured Practice facility. The product was stored at room 

emperature. The GEF and the placebo tablets were identical in ap- 

earance. 

.5. Outcome measures 

.5.1. Primary outcomes 

At baseline, at 4 weeks, and at 8 weeks after treatment, cog- 

itive function was assessed using K-MMSE. 24 The primary out- 

ome parameter was designated as change in MMSE total scores 

t 8 weeks from the baseline. 

.5.2. Secondary outcomes 

At baseline, at 4 weeks, and at 8 weeks after treatment, Ko- 

ean version of the Alzheimer’s disease assessment scale (ADAS- 

), 25 Korean version of the color-word stroop test (K-CWST), 26 and 

https://cris.nih.go.kr/
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Table 1 

Demographic and baseline clinical cha racteristics 

GEF (n = 40) Placebo (n = 40) P value 

Female sex (%) 24 (61.54%) 26 (70.27%) 0.423 

Age (years) 66.62 ±9.09 68.43 ±9.29 0.484 

Education level (years) 12.65 ±3.56 11.35 ±3.97 0.127 

Hypertension (%) 12 (30.0) 11 (27.5) 0.808 

Diabetes (%) 3 (7.5) 7 (17.5) 0.181 

Hyperlipidemia (%) 3 (7.5) 2 (5.0) 0.649 

Regular alcohol drinker 11 (27.5) 10 (25.0) 0.586 

Smoking 

Non-Smoker (%) 33 (82.5) 30 (75.0) 0.290 

Ex-Smoker ( ≥ 6 months %) 2 (5.0) 3 (7.5) 

Current Smoker (%) 4 (10.0) 4 (10.0) 

K-MMSE 27.41 ±1.62 27.59 ±2.07 0.125 

Data are reported as mean ± standard deviation. K-MMSE: Korean version of 

Mini-Mental State Examination 
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eck Depression Inventory-II (BDI-II) for the severity of depres- 

ion 

27 were evaluated. The secondary outcome parameters were 

esignated as the changes in ADAS-K total scores, ADAS scores 

n cognitive domain (ADAS-cog), ADAS scores in non-cognitive do- 

ain (ADAS-noncog), number of correct answers in word reading 

nd color reading domains of K-CWST test, BDI-II scores, and CDR 

cores at 8 weeks from the baseline. 

Treatment-emergent adverse events were identified and 

ecorded according to the medical dictionary for regulatory ac- 

ivities (MedDRA). 28 Laboratory measurement included complete 

lood count and serum panels including electrolyte profiles, lev- 

ls of glucose, uric acid, total protein, albumin, creatinine, and 

iver enzymes, cholesterol profiles, routine urinalysis, systolic 

nd diastolic blood-pressure and pulse rate, and routine 12-lead 

lectrocardiography. 

.6. Sample size 

The size of study population was estimated based on a pre- 

ious study conducted on 137 subjects with dementia, which re- 

orted 1.3 point difference in the MMSE score changes between 

he GEF and placebo groups, with 0.4 point standard deviation of 

core changes in each group. 29 38 participants were required per 

ach group, based on level of significance of 5% and power of 80%. 

 total of 80 subjects were recruited from each of 40 in GEF and

lacebo groups, in consideration of 5% dropout rate. 

.7. Randomization, allocation concealment, and blinding 

Allocation concealment and randomization was conducted by 

iofood Contract Research Organization (CRO), a third party who 

oes not participate in the research process. Randomization num- 

er was assigned in the order in which the subjects were enrolled. 

ccording to the randomization number, subjects was assigned to 

he computer generated random list, prepared by Biofood CRO be- 

ore the initiation of the study. The GEF group and the placebo 

roup are allocated using the block randomization method. Group 

ssignment data of each subject was sealed by the Biofood CRO. 

he outcome assessment was performed by two Neurology spe- 

ialist (HC and HRS), blinded to the patient allocation and clinical 

nformation. 

.8. Statistical analysis 

SAS® (Version 9.4, SAS Institute, Cary, North Carolina, USA) was 

sed for all statistical analyses. All analyses to evaluate the efficacy 

ere conducted according to the per-protocol set and safety mea- 

ures were performed according to the safety set. Baseline charac- 

eristics were compared using the Chi-square test or the Fisher’s 

xact test for categorical variables and the t-test or the Wilcoxon 

ank sum test for continuous variables. The change of the scores 

rom baseline to 8 weeks after treatment was evaluated using the 

aired t-test or the Wilcoxon rank sum test. Inter-group compari- 

on of the change of the scores from baseline was performed using 

epeated-Measures Analysis of Variance (RM-ANOVA). Frequency 

f adverse events was compared using the Fisher’s exact test for 

ategorical variables and the t-test or the Wilcoxon rank sum test 

or continuous variables. All statistical evaluations were two-tailed 

nd P values < 0.05 were set as statistically significant. 

. Results 

.1. Baseline characteristics and participants’ flow 

A total of 80 participants were included between October 2018 

nd May 2019. 40 participants were randomized into the GEF 
3 
roup and the remaining 40 into the placebo group. During follow- 

p, 4 subjects (1 in the GEF group and 3 in the placebo group) 

ere excluded, due to the loss of follow-up in one patient, intoler- 

nce to the drug in two patients, and withdrawal of the consent for 

he study participation in one patient. Finally, 76 participants (39 

n the GEF group and 37 in the placebo group) complete the study 

rotocol ( Fig. 1 ). Demographic and baseline clinical characteristics 

ere comparable between the groups ( Table 1 ). 

.2. Outcomes 

For the primary outcome parameter, there was no significant 

ifference in the K-MMSE score changes between the GEF group 

nd the placebo group ( P = 0.945) ( Table 2 ). 

Among the secondary efficacy outcome parameters, there was 

o statistically significant difference in the 8 week changes of 

DAS-K total scores ( P = 0.307), ADAS-cog scores ( P = 0.526), 

DAS-noncog scores ( P = 0.276), and BDI-II scores ( P = 0.779) be- 

ween the GEF and placebo groups. ( Table 2 ). 

There was no significant difference in score change of K-CWST 

etween two groups ( P = 0.755). There was no significant differ- 

nce in the evaluation time of the word reading domain of the K- 

WST between groups ( P = 0.609), the color reading domain, and 

he evaluation time of the color reading domain of the K-CWST be- 

ween groups ( P = 0.412). 

The medication compliance of the GEF group was 94.24 ±
3.74% and of the placebo group was 95.08 ± 11.47%. In the safety 

et analysis, a total of five adverse events were reported in the 

EF group and five in the placebo group ( Table 3 ). There was

o significant difference in the frequency of adverse events be- 

ween the groups. Every adverse event was of mild degree and 

one of the event was demonstrated to have definite or proba- 

le causal relationship to the drug administration. Two participants 

ere dropped out due to the adverse reactions, both of which in 

he placebo group. Laboratory measurement profiles showed no 

tatistically significant differences between the groups or between 

he baseline and at 4 weeks or at 8 weeks. 

. Discussion 

The outcome analyses returned that GEF did not have any sig- 

ificant improvement in the cognitive function over the placebo 

roup. However, 8 weeks of taking GEF was associated with im- 

rovement in the total K-MMSE score and the increased number 

f correct answers in word reading and color reading domains 

f the K-CWST. Among them, only the improvement in the word 

nd color reading domains of the K-CWST were higher than min- 

mum clinically important difference (MCID, 1.4 point for K-MMSE 

core, and 0.56 point for word and color reading domains of the 



W.-J. Lee, Y.-W. Shin, H. Chang et al. Integrative Medicine Research 11 (2022) 100773 

Fig. 1. A flow chart illustrating the study process. 
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-CWST). 30 Using GEF was not associated with an increased fre- 

uency of adverse events. No serious adverse event or significant 

lterations in the laboratory measures was observed during the use 

f GEF. 

The primary outcome analyzes returned a negative result. This 

esults is in concordance with those of the previous studies 

hat evaluated the cognitive improving effect of numerous can- 

idate drugs in mild cognitive impairment (MCI). 8 , 31-35 For in- 

tance, donepezil is the most widely established drug for treating 

lzheimer’s disease (AD) and other dementia, but it’s efficacy on 

ognition in patients with MCI did not overcome the increased fre- 

uency of adverse event associated with the use of drug. 8 , 34 Due 

o the low initial severity of cognitive measurements, demonstrat- 

ng a significant effect of a drug in improving the cognitive mea- 

urements might be extremely difficult in the clinical setting of 

CI or subjective memory impairment. However, we observed an 

mprovement in the K-CWST scores higher than MCID. 

Since the disease progression form subjective memory impair- 

ent to clinically evident dementia might take decades, 2 , 36 , 37 fa- 

orable long-term safety is required for the candidate medica- 

ion to treat subjective memory impairment. Considering the broad 

echanism of gintonin in improving cognition and neuroprotec- 

ion, GEF might be a potentially beneficial as a long-term medica- 

ion for the patients with mild cognitive deficits. 15 , 18 , 20 , 22 Nu- 

erous previous studies also reported the beneficial effect of nat- 

ral products in treating or preventing dementia. Chinese herbal 

herapy containing Ren shen, Di huang, Cang pu, Yuan zhi, Yin 

anghuo, Shan shuyu, Rou congrong, Yun jin, dan shen, Dang gui, 

ian ma, and Huang lian, combined with conventional treatment, 

ere superior to the conventional treatment alone in preventing 

he progression of Alzheimer’s dementia. 38 The effect of Chinese 

erbal medicine in improving cognition was also proved by meta- 

nalyses. 39 Combination of a Japaneses herbal medicine Kami- 
4 
ntan-To with donepezil was also superior to donepezil alone in 

mproving cognition in patients with dementia. 40 Korean tradi- 

ional medicines also have various degrees of evidence of their 

eneficial effect on cognition. 41 Considering the favorable safety 

rofiles of these natural products, the effect of GEF might be 

ugmented when it is used in combination with these herbal 

edicines. 

The major effects of gintonin that includes inhibition β-amyloid 

roduction, promoting neuroprotective soluble amyloid precursor 

rotein α, increasing acetylcholine production while inhibiting 

cetylcholine esterase activity in the brain, and enhancing neuro- 

enesis. The primary mechanism of those effect is the activation 

PA receptors by gintonin. However, GEF might also maximize the 

ffects of LPA by providing an optimal environment for the sta- 

le enhancement of the LPA receptor activation. Up to 90% of GEF 

ontaining LPAs is the C18: 2 subtype which has strong stimula- 

ory effect on LPA receptor. 15 , 18 In addition, histidines in the α3 

elix of C-terminal of GLP151 are ionically bound to the phosphate 

roup of gintonin LPAs, protecting LPAs from rapid hydrolysis and 

nhancing the stability of gintonin LPAs. 16 Due to these multiple 

roperties, GEF has a high potential as a dietary supplement to 

revent dementia and to improve cognitive function in the pop- 

lation with relatively preserved cognitive function. 

To further establish the clinical effect of GEF, the following limi- 

ations of the current study should be addressed. First, the 8-week 

bservation period of this study might have been insufficient to 

emonstrate the effect of GEF. In the previous studies evaluating 

he effect of various medical candidates in patients with MCI, the 

hange in the cognitive scores over time was very slow, so longer 

uration of follow-up is warranted to properly evaluate its disease 

odifying effect. Second, the number of participants in this study 

as small, considering that previous studies included 250–2100 

atients to evaluate the clinical effect of their candidate drugs. 8 , 
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Table 2 

Primary and secondary outcomes at baseline, 4weeks and 8 weeks 

GEF (n = 39) Placebo (n = 37) Inter-group difference P value † 

K-MMSE Baseline 27.41 ±1.62 27.59 ±2.07 

4 week 27.51 ±2.29 27.68 ±2.61 

8 week 28.10 ±1.97 ∗ 27.86 ±1.93 

Change 1 0.10 ±2.07 0.08 ±1.20 0.17 (-0.71-1.05) 0.695 

Change 2 0.69 ±1.87 0.27 ±1.59 0.03 (-0.75-0.80) 0.945 

ADAS-K Baseline 13.16 ±5.41 13.89 ±5.68 

4 week 12.38 ±5.03 9.25 ±4.67 

8 week 10.62 ±4.70 12.11 ±6.04 

Change 1 -0.78 ±4.89 -4.64 ±4.08 -0.68 (-2.99-1.63) 0.561 

Change 2 -2.53 ±3.94 -1.95 ±4.46 -1.20 (-3.52-1.12) 0.307 

ADAS-cog Baseline 10.26 ±4.44 10.67 ±5.01 

4 week 9.05 ±3.80 ∗ 9.25 ±4.67 ∗

8 week 7.60 ±3.16 ∗∗ 8.35 ±4.53 ∗∗

Change 1 -1.21 ±3.69 -1.43 ±3.31 -0.31 (-2.20-1.58) 0.747 

Change 2 -2.66 ±3.27 -2.32 ±3.34 -0.58 (-2.41-1.25) 0.526 

ADAS-non cog Baseline 2.90 ±1.86 3.22 ±2.50 

4 week 3.33 ±2.17 3.76 ±2.95 

8 week 3.02 ±2.73 3.75 ±2.90 

Change 1 0.43 ±2.25 0.54 ±2.47 -0.37 (-1.33-0.58) 0.479 

Change 2 0.14 ±2.63 0.47 ±2.47 -0.55 (-1.56-0.45) 0.276 

BDI-II Baseline 14.59 ±7.69 14.86 ±7.92 

4 week 14.31 ±8.03 16.30 ±9.79 

8 week 13.21 ±10.00 13.95 ±8.77 

Change 1 -0.28 ±4.91 1.43 ±5.66 -1.13 (-4.77-2.51) 0.537 

Change 2 -1.38 ±8.20 -0.92 ±6.01 -0.51 (-4.10-3.09) 0.779 

K-CWST Word reading: number of 

correct responses 

Baseline 110.38 ±2.57 110.65 ±4.02 

4 week 111.38 ±1.46 ∗ 110.78 ±2.74 

8 week 111.38 ±1.57 ∗∗ 111.46 ±1.17 

Change 1 1.00 ±2.43 0.14 ±3.81 0.17 (-0.90-1.24) 0.755 

Change 2 1.00 ±2.25 0.81 ±3.91 0.17 (-0.75-1.09) 0.755 

K-CWST Word reading: response time 

(sec) 

Baseline 87.44 ±30.84 88.54 ±42.58 

4 week 82.03 ±40.09 82.22 ±28.11 

8 week 78.46 ±28.86 ∗ 85.3 ±39.77 

Change 1 -5.41 ±36.21 -6.32 ±20.39 -0.65 (-15.61-14.31) 0.932 

Change 2 -8.97 ±25.91 -3.24 ±22.75 -3.97 (-19.37-11.43) 0.609 

K-CWST Color reading: number of 

correct responses 

Baseline 106.37 ±6.32 106.78 ±7.73 

4 week 108.18 ±5.17 107.03 ±8.96 

8 week 109 ±3.69 ∗∗ 108.68 ±6.66 ∗∗

Change 1 2.08 ±6.94 0.50 ±3.95 0.38 (-2.64-3.40) 0.803 

Change 2 2.87 ±5.86 1.89 ±3.84 0.08 (-2.57-2.73) 0.957 

K-CWST Color reading: response time 

(sec) 

Baseline 149.84 ±47.45 156.14 ±50.46 

4 week 142.77 ±43.89 151.03 ±49.16 

8 week 135.49 ±42.93 ∗∗ 142.92 ±40.71 ∗∗

Change 1 -8.82 ±31.18 -6.26 ±28.42 -7.58 (-28.72-13.56) 0.477 

Change 2 -17.11 ±26.94 -13.03 ±25.61 -8.34 (-28.47-11.79) 0.412 

Data are reported as mean ± standard deviation. Intergroup differences are reported as mean difference (95% CI). 

ADAS-K: Korean versions of the Alzheimer’s disease assessment scale, ADAS-cog/non-cog: cognitive/non-cognitive domains of ADAS-K, BDI-II: Beck depres- 

sion inventory-II, CI: confidence interval, K-CWST: Korean versions of the color-word stroop test, and K-MMSE: Korean versions of the mini-mental status 

examination. Change 1: 4weeks- baseline; Change 2: 8weeks- baseline 
∗ P < 0.05 
∗∗ P < 0.01: P value for the change from baseline, by Paired t-test or Wilcoxon rank sum test. 
† P value for the test group and the placebo group, by repeated-measure ANOVA. 

Table 3 

Profiles of adverse events 

Adverse 

events 

Severity Causality 

GEF Placebo GEF Placebo 

Tinnitus 1 (mild) 1 (mild) 1 (possible) 1 (unlikely) 

Loss of appetite 2 (mild) – 1 (unlikely), 1 (unrelated) –

Foamy urine 1 (mild) – 1 (unrelated) –

Dizziness 1 (mild) 1 (mild) 1 (unlikely) 1 (possible) 

Arthralgia – 1 (mild) – 1 (possible) 

Plantar pain – 1 (mild) – 1 (possible) 

Dyspepsia – 1 (mild) – 1 (possible) 

∗ There were no significant difference in severity (p = 1.0) and causality (p = 0.07) between 

two groups. 
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1-34 Given that this study observed a certain trend favoring the ef- 

ect of GEF in the change of cognitive scores, future studies might 

nclude large number of patients to properly evaluate the effect of 

EF. Third, this study used only a single dosage of GEF. As GEF was

afe without provoking any adverse events, future studies might 
5 
nclude multiple dosage regimens with higher doses of GEF. Addi- 

ionally, more comprehensive tools for cognitive function assess- 

ent such as Korean version of the Montreal Cognitive Assess- 

ent, or specific tools for assessing the memory function such as 

orean version of the Memory Assessment Scales, might be used 
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n future studies to more accurately evaluate the effect of GEF on 

emory function. 42 , 43 

In conclusion, GEF is safe but might not be effective in treating 

ubjective memory impairment within the current study setting. 

owever, GEF showed a trend of improving the global cognition 

nd the frontal executive function. 
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