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a b s t r a c t 

Background: Gongjin-dan (GJD, also known as Gongchen-dan) and Ssanghwa-tang (SHT, also known as Shuanghe- 

tang or Souwa-to) are herbal medicines that are widely used in Korea for treating fatigue. However, few studies 

have evaluated the efficacy and safety of GJD and SHT in the treatment of chronic fatigue. 

Methods: In this randomized, double-blind, placebo-controlled clinical trial, 90 individuals with persistent ( ≥ 6 

months) chronic fatigue of unknown cause and a Fatigue Severity Scale (FSS) score of ≥ 4 were randomly assigned 

to GJD group, SHT group, and control group in a 1:1:1 ratio. Outcomes were the changes in the self-reported 

fatigue questionnaire scores, levels of fatigue-related biomarkers and safety assessment. 

Results: Out of 103 patients recruited, 90 were included in the analysis. A significant improvement in the Social 

Functioning (SF) score of Short-Form 36 Health Survey (SF-36) at week 4 was observed in the GJD group; sim- 

ilarly, a significant improvement compared with that in the Control group was observed in the Role Emotional 

(RE) score of SF-36 at weeks 4 and 6 and the Physical Functioning (PF) score of SF-36 at week 6 in the SHT group. 

Laboratory tests revealed no abnormalities, and serious intervention-related adverse events were not reported. 

Conclusions: It is suggested that SHT can effectively treat chronic mental and physical fatigue, whereas GJD 

can effectively treat chronic mental and social fatigue. Furthermore, this study presents evidence supporting the 

safety of the long-term use of GJD and SHT (up to 4 weeks). 

Trial registration: This study was registered at Clinical Research Information Service (CRIS) of Korea with the 

registration number KCT0007515. 
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. Introduction 

Fatigue is defined as decreased physical and mental capacity result-

ng from an imbalance between the availability, utilization, and restora-

ion of resources needed for activity. 1 Fatigue impairs decision-making,

roblem-solving, and psychomotor skills, as well as processing speed

nd memory, thereby decreasing occupational performance. 2 Chronic

atigue is defined as fatigue that persists for a period of six months or

ore. Chronic fatigue of unknown cause can be categorized as chronic

atigue syndrome (CFS) or idiopathic chronic fatigue (ICF). 3 The preva-
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ence of chronic fatigue varies across countries, with a prevalence of

bout 8.4 % in the Republic of Korea. 4 

The cause of chronic fatigue remains elusive, which hinders the

evelopment of appropriate treatment strategies. Thus, only a limited

umber of treatment options are currently available despite continued

nd extensive research being conducted on fatigue. 5 

Gongjin-dan (GJD, also known as Gongchen-dan) is a widely pre-

cribed herbal prescription in Korea and China that is used for the

anagement of fatigue-related symptoms. 6 Ssanghwa-tang (SHT, also

nown as Shuanghe-tang or Souwa-to) has been used for several thou-
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and years in Korea, China, and Japan to improve a weak constitution,

elieve fatigue, and facilitate recovery from illness. 7 GJD and SHT are

opular traditional herbal medicines used for health promotion in Ko-

ea, with GJD and SHT ranking third (12.12 %) and fifth (5.16 %), re-

pectively, in terms of production (totaling 126 million USD) among 134

erbal agents according to the 2021 Korean pharmaceutical production

ata. 8 

Laboratory and animal studies have demonstrated various pharma-

ological effects of GJD, including improved memory, 6 , 9 alleviation of

atigue, 10 antioxidant properties, 11 and neuroprotective effects. 12 A pre-

ious study reported that GJD was effective in alleviating fatigue in-

uced by two days of sleep deprivation in healthy men 13 ; however, no

andomized controlled trial (RCT) has been conducted on chronic fa-

igue. SHT has an array of pharmacological effects, including analgesic,

epatoprotective, anti-inflammatory, and anti-osteoporotic effects. 14 , 15 

n previous animal experiments, the efficacy of Ssanghwa-tang in im-

roving fatigue was confirmed. 16 , 17 However, no RCTs have investi-

ated the effects of SHT on chronic fatigue. Therefore, this study aimed

o investigate the efficacy and safety of GJD and SHT in patients with

hronic fatigue. 

. Methods 

.1. Study protocol 

The study protocol 18 was registered with the Clinical Research In-

ormation Service (CRIS) managed by the Korea Disease Control and

revention Agency (CRIS registration number: KCT0007515). 

.2. Study design 

This randomized, double-blind, placebo-controlled clinical trial was

onducted in accordance with the Declaration of Helsinki and approved

y the Institutional Review Board of the Pusan National University Ko-

ean Medicine Hospital (PNUKHIRB 2021–10–005). Written informed

onsent was obtained from all participants. 

.3. Participants 

.3.1. Inclusion criteria 

1) Men and women aged 19–65 years 

2) Fatigue of unknown cause persisting for ≥ 6 months, with an average

Korean Fatigue Severity Scale (FSS) score of ≥ 4 

3) No abnormalities in blood pressure, complete blood count

(hemoglobin [Hb] level, hematocrit [Hct]), white blood cell [WBC]

count), biochemistry (aspartate aminotransferase [AST], alanine

aminotransferase [ALT], creatinine, and glucose levels), thyroid

function test (thyroid stimulating hormone [TSH] and free thyrox-

ine [FT4] levels), and electrocardiography (ECG) that may induce

fatigue 

4) Voluntary signing of the consent form after receiving a clear expla-

nation about the purpose and objectives of the trial 

5) Capable of communicating with the investigator and completing the

questionnaire 

6) Available to continue follow-up visits during the study period 

.3.2. Exclusion criteria 

1) Sum of scores for items 4 and 9 of FSS is ≥ 7 

2) Pregnant or breastfeeding women or men and women of childbear-

ing capacity who did not consent to use medically permitted contra-

ceptives during the study period 

3) Uncontrolled hypertension (diastolic blood pressure [DBP] of

> 100 mmHg or systolic blood pressure [SBP] of > 160 mmHg) 

4) AST, ALT, or alkaline phosphatase (ALP) levels exceeding 2.5 times

the normal upper limit defined by the trial facility 
2

5) Creatinine levels exceeding 1.5 times the normal upper limit defined

by the trial facility 

6) Participation in another clinical trial within one month of beginning

this trial or planning to participate in another clinical trial during

the trial period 

7) History of hypersensitivity or allergies to the ingredients of the in-

vestigational product (IP) 

8) History of autoimmune diseases (e.g., multiple sclerosis, lupus ery-

thematosus, and rheumatoid joints) 

9) History of addiction, mental disorders (sleep disorders, depression,

and anxiety), or drug dependence. 

0) History of cognitive impairment or psychiatric problem 

1) History of surgery within 2 weeks before the screening visit 

2) Use of medical or Korean traditional medicines for relieving chronic

fatigue or health supplements that help relieve fatigue in the preced-

ing two weeks 

3) Individuals with fatigue that can be improved via lifestyle changes,

such as those on continuous night shift and rotating shifts 

4) Active use of antidepressants, anxiolytics, and antihistamines at the

time of the screening visit 

5) Presence of a medical condition that is presumed to affect the trial

outcomes or deemed inappropriate to participate in the trial by the

investigator 

.4. Randomization and blinding 

Eligible participants were randomly allocated at a 1:1:1 ratio to the

JD (GJD + SHT placebo), SHT (SHT + GJD placebo), or control (GJD

lacebo + SHT placebo) group. A block randomization method was used,

nd the block size was 9. The randomization table was assigned by a

edical statistician independent of the interventions and evaluations

sed in clinical trials using the statistical program SAS® Version 9.4

SAS institute. Inc, Cary, NC), with each subject having the same prob-

bility of being selected. A three-digit identification code (Randomized

umber) is assigned to the recruited subjects according to the random-

zation table, and the investigational products are distributed according

o the code. Random numbers once assigned are not reused. 

Each participant received GJD or GJD placebo once daily (one pill

 day) or SHT or SHT placebo thrice daily (three packs per day) for 28

ays using a double dummy method. A randomization table was created

y a statistician using SAS® Version 9.4 (SAS Institute. Inc, Cary, NC)

oftware. Medical or Korean traditional medicine treatments for chronic

atigue and the use of health supplements that help improve fatigue was

rohibited during the study period. 

.5. Interventions 

.5.1. Preparation of GJD and SHT 

GJD and SHT have received approval from the Korea Ministry of

ood and Drug Safety. The IP was manufactured by and purchased

rom Iksu Pharmaceuticals (Seoul, Republic of Korea). GJD used in

his study was a 3.75-g gilt-coated black-brown pill containing Angel-

ca gigas Nakai, Cervus nippon Temminck, Cornus officinalis Seibold &

ucc., Panax ginseng C.A. Meyer, Rehmannia glutinosa (Gaertn.) DC., and

oschus moschifrus L. SHT is a brown solution containing Angelica gigas

akai, Astragalus membranaceus Bunge, Cnidium officinale Mak., Rehman-

ia glutinosa (Gaertn.) DC., Cinnamomum cassia J. Presl, Zingiber officinale

osc, Zizyphus jujuba Miller var. hoonensis T. B. Lee, Glycyrrhizia uralensis

isch, and Paenoia lactiflora Pall. ( Table 1 ). 

The GJD and SHT placebos were manufactured by the same pharma-

eutical company. The GJD placebo mainly comprises lactose hydrate

nd cornstarch, with small amounts of honey, squid ink pigment, Angel-

ca gigas Nakai, and Panax ginseng C.A. Meyer flavoring. The SHT placebo

ainly comprises high-fructose syrup, which contains caramel coloring.

oth placebos had the same size, shape, color, flavor, and packaging as

he IP. 
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Table 1 

Composition of GJD one-pill and SHT. 

Latin name Scientific name Composition of raw material (g) 

GJD SHT 

Angelicae Gigantis Radix Angelica gigas Nakai 0.444 3.750 

Corni Fructus Cornus officinalis Seibold & Zucc. 0.444 

Ginseng Radix Panax ginseng C.A. Meyer 0.444 

Rehmanniae Radix Preparata Rehmannia glutinosa (Gaertn.) DC. 0.444 3.750 

Moschus Moschus moschifrus L. 0.074 

Cervi Parvum Cornu Cervus nippon Temminck 0.444 

Additives Honey, glycerin, gilt, corn starch, sodium benzonate 1.456 

Paeoniae Radix Paenoia lactiflora Pall. 9.375 

Astragali Radix Astragalus membranaceus Bunge 3.750 

Cnidii Rhizoma Cnidium officinale Mak. 3.750 

Cinnamomi Cortex Cinnamomum cassia J. Presl 2.813 

Glycyrrhizae Radix et Rhizoma Glycyrrhizia uralensis Fisch. 2.812 

Zingiberis Rhizoma Recens Zingiber officinale Rosc. 3.750 

Zizyphi Fructus Zizyphus jujuba Miller var. hoonensis T. B. Lee 3.750 

Total amount (g) 3.750 37.500 

GJD, Gongjin-dan; SHT, Ssanghwa-tang. 
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.5.2. Chemical profiling of GJD and SHT 

High-purity natural products were purchased from the following

anufacturer companies as reference standard compounds for standard-

zation of the IPs: Merck KGaA (Darmstadt, Germany), Biopurify Phyto-

hemicals (Chengdu, China), ChemFaces Biochemical (Wuhan, China),

hanghai Sunny Biotech (Shanghai, China), and Fujifilm Wako Pure

hemical Co. (Osaka, Japan) ( Supplement 1 ). The purity of the sam-

les was at least 98.0 %. Solvents, such as water, acetonitrile, and

ethanol, of high-performance liquid chromatography (HPLC) grade

ere purchased from J.T. Baker (Phillipsburg, NJ, USA). Formic acid

ACS reagent) was purchased from Merck KGaA (Darmstadt, Germany).

hemical profiling of GJD and SHT was performed using a previously

eported analytical method of HPLC. 19 Briefly, the target components

ere separated using a Capcell Pak UG80 C18 column (250 × 4.6 mm,

 𝜇m; Shiseido, Tokyo, Japan) in a Shimadzu Prominence LC− 20A se-

ies system (Kyoko, Japan) maintained 40 °C and a mobile phase of

ater− acetonitrile (both containing 0.1 % formic acid). The concentra-

ion of all samples for HPLC analysis was 100 mg/10 mL with 70 %

ethanol. 

.6. Outcome measures 

.6.1. Primary outcome 

.6.1.1. Fatigue severity scales. The Korean version of FSS was admin-

stered at four time points: before oral IP administration (V2, baseline),

 weeks after IP administration (V3), 4 weeks after IP administration

V4), and 2 weeks after the completion of IP administration (V5). Fa-

igue in the preceding week was assessed using a seven-point scale, with

cores ranging from 1 to 7. The scores were summed and divided by 9 to

btain the average fatigue score, with higher average scores indicating

reater fatigue. 20 The changes in the FSS score from the baseline value

t V4 and V5, respectively, were the primary and secondary endpoints.

.6.2. Secondary outcomes 

.6.2.1. Multidimensional fatigue inventory-20. The Multidimensional

atigue Inventory-20 (MFI-20) was administered at three time points:

2, V4, and V5. This 20-item inventory was rated on a five-point scale

anging from 1 (agree) to 5 (disagree), with higher average scores in-

icating greater fatigue. 21 The changes in the MFI-20 scores from the

aseline value at V4 and V5 were secondary endpoints. 

.6.2.2. Chalder fatigue scale. The Chalder Fatigue Scale (CFQ) was ad-

inistered at three time points: V2, V4, and V5. Each of the 11 items

as rated on a scale ranging from 0 (not true) to 3 (true), 22 with higher

otal scores indicating greater fatigue. 23 The changes in the CFQ scores
3

rom the baseline values at V4 and V5 were secondary endpoints. The

ut-off value for differentiating between mild and severe fatigue was set

s 15. 24 

.6.2.3. Short-Form 36 health survey. The Short-Form 36 Health Survey

SF-36) was administered at three time points: V2, V4, and V5. The SF-

6 measures the health-related quality of life using two subscales with

ight domains containing 36 items. Each item is rated on a Likert scale,

nd the scores for each item are summed. The total score is converted to

 score of 0–100 points. A lower score indicates a poorer quality of life,

hereas a higher score indicates a higher quality of life. 25 The changes

n the SF-36 scores from the baseline values at V4 and V5 were secondary

ndpoints. 

.6.2.4. Korean version of schedule of fatigue and anergy/general physician.

he Korean Version of Schedule of Fatigue and Anergy/General Physi-

ian (SOFA/GP), which assesses fatigue and lethargy using 10 items,

as administered at three time points: V2, V4, and V5. The answers

frequently ” and “almost always ” were assigned a score of 1, whereas

he answers “sometimes ” and “rarely ” were assigned a score of 0. The

ut-off score was set as 3, and the percentage of individuals with the

ut-off score was compared. 26 The changes in the SOFA/GP scores from

he baseline values at V4 and V5 were secondary endpoints. 

.6.2.5. Fatigue-related biomarker levels. The levels of glucose, lactate,

mmonia, free fatty acid (FFA), derivatives of reactive oxygen metabo-

ites (d-ROMs), biological antioxidant potential (BAP), selenium, and

ortisol were assessed at three time points: V2, V4, and V5. The energy

equired for physical activity is derived from the circulating glucose re-

eased from the liver. Thus, the glucose level is an important indicator

f the ability of the body to continue physical activity. 27 Accumulation

f lactate in the body causes oxygenation, thereby inducing fatigue. 28 

lood ammonia can cross the blood-brain barrier and increase central

atigue. 29 FFAs are used as an energy source during exercise; thus, in-

reased FFA levels indicate reduced fatigue. 30 d -ROMs and BAP measure

he level of reactive oxygen species in the body and antioxidant capac-

ty, respectively. 31 Selenium is a crucial cofactor for maintaining the

ctivity of glutathione peroxidase, which catalyzes the breakdown of

rganic peroxides and contributes to the enhancement of liver function

nd alleviation of fatigue. 32 Cortisol is an indicator of the physiological

hanges induced by physical and mental stress. 33 The changes in the

lucose, lactate, ammonia, FFA, d -ROMs, BAP, selenium, and cortisol

rom the baseline values at V4 and V5 were secondary endpoints. 



J.-Y. Choi, B. Choi, O. Kwon et al. Integrative Medicine Research 13 (2024) 101025

2

 

a  

1  

g  

t

 

 

 

 

 

t  

a  

(  

t  

t  

t  

s  

t  

g

⎧⎪⎨⎪⎩
 

t  

t  

n  

d  

c

 

o  

T  

e  

s  

1  

i  

w

2

 

f  

w  

r

2

 

c  

t  

s  

t  

f  

w  

p  

m  

T  

o  

s

 

M  

m  

p  

g

3

3

 

p  

f  

d  

fl  

a  

a  

a  

(  

a  

a  

g  

i  

n  

n  

v  

e  

0  

m  

fl  

a  

a  

2  

0  

n  

o  

w

3

 

T  

w  

C  

d  

u  

t  

p  

g  

l  

a  

u  

T  

t  

n

3

3

(

 

a  

0  

c  

−  

T  
.7. Sample size calculation 

The primary outcome is the FSS score and the change in FSS score

t 4 weeks after administration compared to the baseline in test group

 (GJD + SHT placebo), test group 2 (SHT + GJD placebo), and control

roup (GJD placebo + SHT placebo) was compared. The hypothesis of

his clinical trial is as follows. 

[Hypothesis] H0 (null hypothesis): = vs. H1 (alternative hypothesis):

: average change in FSS score at 4 weeks compared to baseline in test

group 1 (GJD + SHT placebo) 

: average change in FSS score at 4 weeks compared to baseline in test

group 2 (SHT + GJD placebo) 

: average change in FSS score at 4 weeks compared to baseline in

control group (GJD placebo + SHT placebo) 

The significance level was 5 % two-sided, the power was 80 %, and

he average (standard deviation) of the change in FSS of the test group

nd control group in the previous study 34 was − 2.05 (1.43) and − 1.04

1.30), respectively. The mean difference between the test group and

he control group is 1.01, and the pooled standard deviation is 1.36. In

his clinical trial, the significance level was set at 5 % for both sides,

he power was set at 80 %, the effect difference was set at 1.0, and the

tandard deviation was set at 1.3. The results of calculating test subjects

o confirm the effect of the test group (1 or 2) compared to the control

roup are as follows. 

 

 

 

 

 

2 
(
𝑧 1 − 𝑎 

2 + 

𝑧 1 − 𝐵 

)2∗𝜎2 

μ𝑇 − μ𝑐 

⎫ ⎪ ⎬ ⎪ ⎭ 
=
{ 

2( 1 . 96 + 0 . 842 ) 2∗ 1 . 3 2 

12 

} 

= 26 . 529 ≈ 27 

Under the allocation ratio of 1:1 between the test group (1 or 2) and

he control group (GJD placebo + SHT placebo) in this clinical trial,

he number of test subjects in each group that satisfies a two-sided sig-

ificance level of 5 % and a power of 80 % is 27. Considering a 10 %

rop-out rate in this clinical trial, it was calculated that a total of 90

linical trial subjects were needed, 30 in each group. 

The changes in the FSS score from the baseline value after four weeks

f receiving the IP was evaluated in the GJD, SHT, and Control groups.

he significance level was set as 5 % for the two-tailed test. The power,

ffect size, and standard deviation were set as 80 %, 1.0, and 1.3, re-

pectively. The sample size for each group was set as 27 to achieve a

:1 ratio for the GJD or SHT groups to the Control group. Ninety partic-

pants were recruited in this study considering a dropout rate of 90 %,

ith 30 participants in each group. 

.8. Adverse events 

The incidence of adverse events (AEs) was recorded using case report

orms. Severe AEs were reported to the IRB and sponsors in accordance

ith the Good Clinical Practices and Ministry of Food and Drug Safety

egulations. 

.9. Statistical analysis 

All statistical analyses were performed by an independent statisti-

ian using SAS® (version 9.4, SAS Institute, Cary, NC, USA) with the

wo-sided significance level set as 5 % (primary outcome analysis has a

ignificance level of 2.5 %). Full analysis set (FAS) was used to analyze

he effectiveness and safety of the intervention. The analysis was per-

ormed using a mixed-effect model repeated measure (MMRM) method,

herein each treatment group and visit were fixed factors, and each

articipant was a random factor. The differences before and after treat-

ent within each group were evaluated using the Student’s paired t -test.

he secondary outcomes were tested in the same manner as the primary

utcomes; however, the significance level was set as 5 % as they were

econdary outcomes. 
4

The primary effectiveness evaluation method of this study uses the

MRM method. The MMRM method considers missing values using

aximum likelihood and does not require a separate missing value re-

lacement step. Additionally, missing values are not replaced for demo-

raphic/social information and safety variables. 

. Results 

.1. Chemical profiling of the two clinical samples using HPLC 

Chemical profiling was conducted using the following marker com-

onents to standardize GJD and SHT: gallic acid, 5-hydroxymethyl-2-

uraldehyde (5-HMF), morroniside, loganin, nodakenin, decursin, and

ecursinol angelate for GJD; and gallic acid, 5-HMF, albiflorin, paeoni-

orin, liquiritin apioside, liquiritin, ferulic acid, nodakenin, benzoic

cid, coumarin, cinnamic acid, cinnamaldehyde, glycyrrhizin, decursin,

nd decursinol angelate for SHT. All marker analytes were well sep-

rated within 50.0 min without interference from neighboring peaks

 Supplement 2 ). 19 Quantification was performed using a photodiode

rray detector at the following wavelengths: albiflorine, paeoniflorin,

nd benzoic acid at 230 nm; loganin at 235 nm; morroniside at 240 nm;

lycyrrhizin at 250 nm; gallic acid at 270 nm; liquiritin apioside, liquir-

tin, coumarin, and cinnamic acid at 275 nm; 5-HMF at 280 nm; cin-

amaldehyde at 290 nm; ferulic acid at 320 nm; decursin and decursi-

ol angelate at 330 nm; and nodakenin at 335 nm. HPLC assay re-

ealed the presence of gallic acid, 5-HMF, morroniside, loganin, nodak-

nin, decursin, and decursinol angelate at concentrations of 0.19, 0.77,

.39, 0.58, 0.28, 2.78, and 4.03 mg/g, respectively, in GJD. Fifteen

arker components, including gallic acid, 5-HMF, albiflorin, paeoni-

orin, liquiritin apioside, liquiritin, ferulic acid, nodakenin, benzoic

cid, coumarin, cinnamic acid, cinnamaldehyde, glycyrrhizin, decursin,

nd decursinol angelate, were detected at concentrations of 0.71, 0.29,

.25, 4.07, 0.60, 0.06, 0.03, 0.20, 3.51, 0.13, 0.03, 0.24, 1.50, 0.04, and

.05 mg/g, respectively, in SHT. Decursinol angelate, a major compo-

ent of A. gigas , was detected most abundantly in GJD (concentration

f 4.03 mg/g), whereas paeoniflorin, a major component of P. lactiflora ,

as detected most abundantly in SHT (concentration of 4.07 mg/g). 

.2. Participants 

Among the 103 participants screened, 90 were enrolled in this trial.

he participants were randomly allocated to one of the three groups,

ith 30 participants in each group ( Fig. 1 ). Four participants in the

ontrol group withdrew consent. One, one, and two participants with-

rew consent due to lack of relief in chronic fatigue with the use of IP,

npleasant taste of the IP, and personal reasons, respectively. One par-

icipant from the GJD group withdrew consent due to fear of blood sam-

ling. However, all participants who withdrew their consent had under-

one at least one round of outcome evaluation after receiving the IP at

east once. Therefore, all 90 participants were included in the statistical

nalysis. An FAS was performed based on the intent-to-treat (ITT) pop-

lation, with 30 participants each in the control, GJD, and SHT groups.

he baseline characteristics (sex, age, body weight, BMI, smoking his-

ory, drinking history, blood pressure, pulse, and body temperature) did

ot differ significantly among the three groups ( Table 2 ). 

.3. Primary outcome 

.3.1. Changes in the FSS score at V4 (week 4) compared with that at V2 

baseline) 

The changes in the GJD and SHT groups at V4 compared with that

t V2 did not differ significantly from that in the Control group ( p >

.05) ( Fig. 2A and Supplement 3 ). The mean difference in score at V4

ompared with that at V2 between the GJD and Control groups was

 0.19 (97.5 % Confidence Interval [CI]: − 0.64 to 0.26, p = 0.4080).

he mean difference in the FSS score at V4 compared with that at V2
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Fig. 1. Flow diagram of the participants 

GJD, Gongjin-dan; SHT, Ssanghwa-tang. 
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Table 2 

Demographic characteristics of the study participants. 

Characteristics Control group ( n = 30) GJD group ( n = 30) SHT group ( n = 30) p-value 

Sex - Male/Female (n, %) † 10 (33.3) / 20 (66.7) 6 (20.0) / 24 (80.0) 13 (43.3) / 17 (56.7) 0.1522 

Age (year) ‡ 40.57 (37.73, 43.40) 39.97 (37.30, 42.63) 40.60 (36.40, 44.80) 0.9526 

Height (cm) ‡ 166.4 (163.1, 169.7) 164.3 (161.8, 166.9) 166.6 (163.6, 169.7) 0.4775 

Weight (kg) ‡ 64.55 (60.33, 68.77) 63.89 (60.26, 67.52) 65.85 (61.15, 70.55) 0.7909 

BMI (kg/m2 ) ‡ 23.20 (22.15, 24.26) 23.61 (22.53, 24.69) 23.68 (22.17, 25.19) 0.8349 

Smoking - Yes/No (n, %) † 4 (13.3) / 26 (86.7) 5 (16.7) / 25 (83.3) 7 (23.3) / 23 (76.7) 0.5874 

Drinking - Yes/No (n, %) † 16 (53.3) / 14 (46.7) 19 (63.3) / 11 (36.7) 21 (70.0) / 9 (30.0) 0.4073 

SBP ‡ 121.3 (115.9, 126.6) 119.2 (114.5, 123.8) 121.0 (115.9, 126.1) 0.8060 

DBP ‡ 71.93 (68.02, 75.84) 72.30 (68.54, 76.06) 72.17 (68.45, 75.89) 0.9901 

Pulse ‡ 79.60 (75.08, 84.12) 81.50 (76.51, 86.49) 80.20 (75.58, 84.82) 0.8378 

Temp ‡ 36.53 (36.39, 36.67) 36.50 (36.35, 36.65) 36.56 (3644, 36.69) 0.8000 

† Fisher exact test. 
‡ ANOVA test; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Temp, temperature; GJD, Gongjin- 

dan; SHT, Ssanghwa-tang. 

Fig. 2. Changes in the (A) FSS score and (B) MFI-20 score 

FSS, Fatigue Severity Scale; MFI, Multidimensional Fatigue Inventory; GJD, 

Gongjin-dan; SHT, Ssanghwa-tang. 
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etween the SHT and Control groups was − 0.18 (97.5 % CI: − 0.58 to

.23, p = 0.3877). 

.4. Secondary outcomes 

.4.1. Changes in the FSS scores at V5 (week 6) compared with that at V2 

The change in the FSS at V5 compared with that at V2 in the GJD and

HT groups did not differ significantly from that in the Control group ( p

 0.05) ( Fig. 2A and S upplement 3 ). The mean difference in score at

5 compared with that at V2 between the GJD and Control groups was

 0.34 (95 % CI: − 0.81 to 0.14, p = 0.1605). The mean difference in the
6

SS score at V4 compared with that at V2 between the SHT and Control

roups was − 0.19 (95 % CI: − 0.54 to 0.15, p = 0.2642). 

.4.2. Changes in the MFI-20 scores at V4 (week 4) and V5 (week 6) 

ompared with that at V2 

The change in the MFI-20 score at weeks 4 and 6 compared with that

t V2 in the GJD and SHT groups did not differ significantly from that in

he Control group ( Fig. 2B and Supplement 4 ). The mean difference in

core at V4 and V5 compared with that at V2 between GJD and Control

roups were − 0.01 [95 % CI: − 0.15 to 0.13, p = 0.8800] and − 0.02

95 % CI: − 0.16 to 0.11, p = 0.7183], respectively. The mean differences

n the score at V4 and V5 compared with that at V2 between the SHT

nd Control groups were − 0.02 [95 % CI: − 0.14 to 0.11, p = 0.8139]

nd 0.01 [95 % CI: − 0.11 to 0.13, p = 0.9177], respectively. 

.4.3. Changes in the CFQ scores at V4 and V5 compared with that at V2 

The changes in the CFQ score at weeks 4 and 6 compared with that

t V2 in the GJD and SHT groups did not differ significantly from that in

he Control group ( Supplement 5 ). The mean differences in the score

t V4 and V5 compared with that at V2 between the GJD and Control

roups were − 1.21 [95 % CI: − 3.74 to 1.33, p = 0.3445] and 0.57 [95 %

I: − 2.14 to 3.28, p = 0.6749], respectively. The mean differences in

he score at V4 and V5 compared with that at V2 between the SHT and

ontrol groups were 0.53 [95 % CI: − 2.20 to 3.26, p = 0.7004] and

.49 [95 % CI: − 0.08 to 5.06, p = 0.0573], respectively. The change in

he number of participants with a total CFQ score of ≥ 15 did not differ

ignificantly ( Supplement 6 ). 

.4.4. Changes in the SF-36 score at V4 and V5 compared with that at V2 

The SHT group had significantly better PF scores at week 6, and the

E scores at weeks 4 and 6 were significantly improved compared with

hose in the Control group ( p < 0.05). The difference in the SF-36 PF

core at week 6 between the SHT and Control groups was 2.37 [95 %

I: 0.08 to 4.67, p = 0.0427]. The differences in the RE scores at weeks

 and 6 between the SHT and Control groups were − 24.05 [95 % CI:

 40.50 to − 7.59, p = 0.0049] and − 26.16 [95 % CI: − 43.88 to − 8.45,

 = 0.0045], respectively ( Fig. 3 and Supplement 7 ). 

A significantly greater improvement in SF was observed in the GJD

roup at week 4 compared with that in the Control group ( Fig. 3 and

upplement 7 ) ( p < 0.05). The difference in the SF score at week 4 be-

ween the GJD and Control groups was 10.43 [95 % CI:2.41 to 18.44,

 = 0.0118]. 

.4.5. SOFA/GP 

The SOFA/GP score patterns displayed a discrete characteristic;

herefore, it was determined that they had no analytical value and were

xcluded from the analysis. Based on a SOFA/GP cut-off score of 3, the

umber of participants with a total score of ≥ 3 was significantly lower
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Fig. 3. Changes in the SF-36 score 

SF-36, short-form 36 health survey; GJD, Gongjin-dan; SHT, Ssanghwa-tang. 
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n the SHT group than that in the Control group at week 4 ( Supplement

 ) ( p < 0.05). 

.4.6. Changes in the fatigue-related biomarkers 

No significant changes in the glucose, d -ROMS, lactate, BAP, am-

onia, selenium, FFA, and cortisol levels compared with those in the

ontrol group were observed in the GJD and SHT groups at weeks 4

nd 6 ( Table 3 ) ( p > 0.05). 

.4.7. Safety evaluation variables 

The GJD and SHT groups showed no significant changes in the red

lood cell (RBC) count, Hb levels, Hct, platelet count, mean corpuscular

olume (MCV), mean corpuscular hemoglobin concentration (MCHC),

r WBC differential count (seg. neutrophils, lymphocytes, monocytes,
7

osinophils, and basophils) compared with those in the Control group.

imilarly, the two groups showed no significant changes in the blood

rea (BUN), creatinine, uric acid, AST, ALT, ALP, total protein, albu-

in, sodium (Na), potassium (K), chlorine (Cl), and high-sensitivity

-reactive protein (hsCRP) levels compared with those in the Control

roup. MCH and the total bilirubin levels differed significantly between

he groups; however, all values were within the normal ranges and were

ot clinically significant ( p > 0.05 ) . 

.5. Adverse events 

Eight of the 90 participants included in this study reported

ntervention-related side effects. Two participants reported dizziness af-

er receiving the GJD placebo. Four participants reported stomach dis-
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Table 3 

Changes in the fatigue-related biomarkers. 

Lab Control group ( n = 30) GJD group ( n = 30) MD (CONT-GJD) p -value SHT group ( n = 30) MD (CONT-SHT) p-value 

Glucose 

Baseline 98.73 (92.26, 105.20) 97.97 (90.59, 105.34) 96.97 (90.84, 103.09) 

Week 4 96.19 (89.04, 103.33) 98.21 (89.68, 106.73) 1.41 (− 8.81, 11.63) 0.783 98.77 (90.48, 107.06) 2.50 (− 7.34, 12.34) 0.613 

MD (4w-0w) − 2.37 (− 8.60, 3.85) − 0.41 (− 5.22, 4.39) 1.80 (− 6.43, 10.03) 

p-value 0.441 0.861 0.6581 

Week 6 97.31 (88.84, 105.78) 99.37 (91.06, 107.67) 1.54 (− 9.19, 12.27) 0.774 98.00 (91.23, 104.77) 0.10 (− 9.58, 9.79) 0.983 

MD (6w-0w) − 0.31 (− 6.80, 6.18) 1.40 (− 7.68, 10.48) 1.03 (− 6.06, 8.13) 

p-value 0.923 0.755 0.7680 

d-ROMs 

Baseline 372.6 (338.7, 406.4) 388.4 (358.9, 418.0) 360.7 (323.9, 397.5) 

Week 4 382.5 (346.7, 418.3) 380.7 (351.5, 409.8) − 2.2 (− 46.7, 42.4) 0.923 364.2 (330.5, 397.9) − 18.9 (− 67.5, 29.6) 0.438 

MD (4w-0w) 10.9 (− 21.7, 43.5) − 7.3 (− 35.6, 20.9) 3.5 (− 27.03, 34.0) 

p-value 0.498 0.599 0.8178 

Week 6 367.3 (327.4, 407.3) 386.4 (355.4, 417.4) 18.4 (− 28.6, 65.4) 0.435 359.5 (328.1, 390.9) − 8.4 (− 58.2, 41.4) 0.736 

MD (6w-0w) − 3.2 (− 52.5, 46.2) − 2.1 (− 35.7, 31.6) − 1.2 (− 39.3, 36.9) 

p-value 0.895 0.901 0.9505 

Lactate 

Baseline 1.68 (1.46, 1.90) 1.80 (1.54, 2.06) 1.73 (1.41, 2.04) 

Week 4 1.80 (1.31, 2.28) 1.75 (1.50, 2.01) − 0.05 (− 0.49, 0.39) 0.828 2.08 (1.69, 2.47) 0.29 (− 0.22, 0.79) 0.257 

MD (4w-0w) 0.11 (− 0.41, 0.63) − 0.06 (− 0.26, 0.14) 0.36 (− 0.09, 0.81) 

p-value 0.665 0.535 0.1168 

Week 6 1.72 (1.46, 1.98) 1.72 (1.41, 2.04) 0.00 (− 0.38, 0.38) 0.991 1.83 (1.56, 2.09) 0.11 (− 0.27, 0.48) 0.579 

MD (6w-0w) 0.05 (− 0.27, 0.36) − 0.07 (− 0.42, 0.27) 0.10 (− 0.24, 0.44) 

p-value 0.764 0.665 0.5538 

BAP 

Baseline 2189 (2064, 2315) 2202 (2110, 2294) 2201 (2105, 2296) 

Week 4 2161 (2034, 2288) 224 (2130, 2359) 79.09 (− 82.51, 240.68) 0.331 2263 (2161, 2365) 92.48 (− 65.20, 250.16) 0.245 

MD (4w-0w) − 5.37 (− 129.00, 118.26) 52.17 (− 95.25, 199.60) 62.30 (− 63.17, 187.77) 

p-value 0.930 0.475 0.3183 

Week 6 2091 (1968, 2215) 2128 (2014, 2242) 32.28 (− 128.71, 193.28) 0.689 2201 (2096, 2305) 109.23 (− 49.66, 268.11) 0.174 

MD (6w-0w) − 59.04 (− 239.33, 121.25) − 73.67 (− 204.24, 56.90) 0.00 (− 148.11, 148.11) 

p-value 0.506 0.258 0.9999 

Ammonia 

Baseline 26.52 (20.33, 32.70) 26.88 (20.67, 33.09) 28.38 (21.76, 34.99) 

Week 4 34.93 (28.51, 41.34) 32.47 (25.58, 39.37) − 3.60 (− 12.61, 5.40) 0.426 38.57 (30.96, 46.17) 3.20 (− 6.26, 12.66) 0.501 

MD (4w-0w) 10.06 (3.01, 17.10) 5.01 (− 0.87, 10.89) 10.19 (1.12, 19.26) 

p-value 0.007 ∗ 0.092 0.0290 ∗ 

Week 6 30.52 (23.82, 37.21) 26.82 (21.38, 32.26) − 3.70 (− 12.39, 5.00) 0.397 33.49 (24.57, 42.42) 2.97 (− 7.33, 13.27) 0.566 

MD (6w-0w) 4.17 (− 6.58, 14.93) − 0.06 (− 7.05, 6.93) 5.11 (− 4.69, 14.92) 

p-value 0.431 0.986 0.2945 

Selenium 

Baseline 113.2 (108.7, 117.6) 114.1 (108.3, 120.0) 114.0 (108.1, 119.9) 

Week 4 112.7 (108.4, 117.0) 114.6 (109.2, 119.9) 2.29 (− 4.67, 9.26) 0.512 113.2 (108.0, 118.5) 1.31 (− 5.26, 7.87) 0.695 

MD (4w-0w) − 1.30 (− 5.00, 2.41) 0.17 (− 3.27, 3.61) − 0.77 (− 3.56, 2.03) 

p-value 0.4783 0.919 0.5792 

Week 6 113.0 (108.5, 117.4) 116.0 (110.1, 122.0) 2.64 (− 4.69, 9.98) 0.473 112.9 (106.9, 118.8) − 0.58 (− 7.88, 6.72) 0.874 

MD (6w-0w) 0.35 (− 2.24, 2.93) 1.90 (− 2.30, 6.10) − 1.13 (− 3.77, 1.51) 

p-value 0.785 0.362 0.3871 

Free Fatty Acid (FAA) 

Baseline 351.1 (271.7, 430.4) 431.6 (338.1, 525.0) 327.2 (253.8, 400.5) 

Week 4 327.8 (246.7, 408.9) 380.1 (293.8, 466.4) 62.97 (− 57.69, 183.63) 0.300 294.1 (201.5, 386.6) − 32.53 (− 147.64, 82.58) 0.574 

MD (4w-0w) − 33.15 (− 133.63, 67.33) − 23.34 (124.80, 78.11) − 33.10 (− 151.52, 85.32) 

p-value 0.5037 0.641 0.5720 

Week 6 287.9 (198.0, 377.9) 369.2 (286.5, 451.9) 82.80 (− 38.98, 204.59) 0.179 361.2 (259.9, 462.5) 74.82 (− 47.08, 196.73) 0.224 

MD (6w-0w) − 69.38 (− 171.83, 33.06) − 62.33 (− 176.50, 51.83) 34.03 (− 79.34, 147.40) 

p-value 0.175 0.273 0.5440 

Cortisol 

Baseline 6.51 (5.45, 7.56) 6.26 (5.39, 7.14) 6.41 (5.14, 7.68) 

Week 4 6.81 (5.69, 7.93) 7.69 (6.25, 9.13) 0.92 (− 0.68, 2.52) 0.256 7.12 (5.96, 8.28) 0.38 (− 1.24, 2.00) 0.639 

MD (4w-0w) 0.14 (− 1.23, 1.52) 1.41 (− 0.08, 2.90) 0.71 (− 0.47, 1.88) 

p-value 0.830 0.063 0.2273 

Week 6 6.27 (5.35, 7.19) 7.48 (6.48, 8.48) 1.03 (− 0.35, 2.41) 0.140 6.99 (6.02, 7.97) 0.50 (− 1.03, 2.03) 0.513 

MD (6w-0w) 0.11 (− 0.67, 0.89) 1.22 (0.16, 2.27) 0.58 (− 0.44, 1.60) 

p-value 0.774 0.025 ∗ 0.2562 

BAP, biological antioxidant potential; CONT, Control; d-ROM, derivatives of reactive oxygen metabolites; FFA, free fatty acids; GJD, Gongjin-dan; MD: mean 

difference; SHT, Ssanghwa-tang. 
∗ , p < 0.05. 
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omfort (heartburn and nausea) after receiving the IPs: one, one, and

wo participants after receiving the GJD placebo, SHT or GJD placebo,

nd GJD, respectively. One participant reported abdominal bloating af-

er receiving SHT. One participant reported loose stools and an increased

umber of bowel movements after receiving the GJD placebo or SHT

lacebo. Thus, four out of eight participants had GJD- or SHT-related

ide effects, and four participants had placebo-related side effects. 

The side effects were transient and occurred immediately after IP ad-

inistration. The symptoms did not require treatment or resolved com-

letely after adjusting the timing of administration to immediately after

eals. No serious intervention-related AEs were reported. 

. Discussion 

Chronic fatigue of unknown cause that persists for ≥ 6 months is cate-

orized as CFS or ICF. 3 CFS and ICF impact the physical, psychological,

ocial, emotional, and financial aspects, thereby causing considerable

isability to the patient and straining the public health system. 35 How-

ver, a definitive treatment is lacking owing to the unclear etiology,

iagnostic uncertainty, and heterogeneity of populations with CFS and

CF. 36 

Patients with chronic fatigue seek various complementary and al-

ernative medicine (CAM) treatment modalities because of the limited

onventional treatment options for chronic fatigue, inadequate evidence

egarding their efficacy and safety, and a high incidence of side ef-

ects. 36 , 37 GJD and SHT have been traditionally used to treat fatigue

n South Korea. 6 , 7 

All three groups showed a clear reduction in fatigue, as measured

sing the FSS, CFQ, and SF-36 scores, in the present study. The MFI-20

id not improve significantly in any of the three groups. The primary

ndpoint (changes in the FSS scores) and secondary endpoints (changes

n the fatigue-related biomarker levels and the MFI-20 and CFQ scores)

id not differ significantly between the two study groups and the Control

roup. 

A blinded assessment was performed using a questionnaire at V4,

nd 86 participants (after excluding four participants who dropped out)

esponded. Among the 27 patients in the Control group, 19 (70 %) re-

orted they thought they had received GJD or SHT. The majority of

he participants in the Control group believed that they received GJD

r SHT, indicating a strong placebo effect. This seemed to have led to

n overall reduction in fatigue across the groups, with no significant

ifferences in the effects observed among the groups. 

The placebo effect is an important psychological phenomenon

herein an individual demonstrates an actual improvement in symp-

oms based solely on treatment cues. 38 The strong placebo effect in the

resent study may be attributed to the following: 

The placebo effect is a learned response. The verbal, situational, and

ocial cues encountered by the trial participants during the interven-

ion process prompted them to recall sensations experienced in similar

ettings. This, in turn, elevated expectations regarding the current situa-

ion, and these expectations influenced the central nervous system, lead-

ng to the manifestation of the placebo effect. 39 Participant visits were

cheduled at a hospital facility. Thus, the participants were exposed to

he intake of the IP and various factors that constitute the treatment

nvironment, including waiting in the clinic and the physician’s white

oat. Furthermore, they were also exposed to verbal suggestions while

btaining informed consent, such as the explanation that "taking the IP

ay lead to improvements in fatigue. ” It is possible that the interac-

ion of these factors increased the participants’ expectations, producing

 strong placebo effect. 40 , 41 Furthermore, although GJD and SHT are

herapeutic agents, they are also consumed by healthy individuals as

erbal restoratives for relieving fatigue in South Korea. The expecta-

ions learned from such sociocultural backgrounds are likely to have

ed to a strong placebo effect in the Control group. 

Future studies on the effects of GJD and SHT on chronic fatigue

hould pre-investigate the recognition and satisfaction with GJD and
9

HT, as well as Korean traditional medicine, to eliminate any other ver-

al and situational components in the research environment and control

or possible triggers of the placebo effect. 

Various fatigue scales were used in the study. Unlike previous stud-

es, 42 which suggested a correlation between the SOFA/GP and FSS

cores, different fatigue scale scores were not significantly correlated

n the present study. This discrepancy could be attributed to the partic-

pants’ lack of understanding of the questionnaire items and the devel-

pment of fatigue from completing several questionnaires. Some par-

icipants required elaboration of certain questionnaire items for better

omprehension. The most common issue was related to question 2 of the

SS, where participants were unsure whether "exercise" referred to sim-

le physical activity (the level of activity in their daily life) or structured

ports activities (habitual and systematic physical exercise for fitness or

ealth purposes). The same issue was observed during the translation

f the FSS into the Norwegian language by Lerdal et al. 43 Accurate fa-

igue measurement could have been hindered by variations in the par-

icipants’ comprehension of the questions. 

Five fatigue scales were used in the present study. The FSS was as-

essed at each visit, whereas the remaining four scales were assessed

t V2, V4, and V5. Many participants in the study reported feeling fa-

igued owing to the large number of questionnaire items and the time-

onsuming process. Some participants required more than 40 min to

omplete all five questionnaires. Thus, it is possible that the fatigue asso-

iated with responding to the fatigue questionnaires may have impacted

he appropriate measurement of fatigue. It is important to consider the

ocial and psychological variables and the appropriate number of ques-

ionnaire items for fatigue measurement in future studies on fatigue. 

SF-36 is the most widely used health-related quality of life (HRQOL)

nstrument, 44 and it comprises eight subdomains: RF, BP, GH, VT, SF,

P, RE, and MH. 45 The scores are calculated on a scale with scores rang-

ng from 0 (worst possible health) to 100 (best possible health). 46 

The scores of some SF-36 domains were markedly higher in the GJD

nd SHT groups than those in the Control group in the present study.

pecifically, the SF score at week 4 in the GJD group, the RE score at

eeks 4 and 6, and PF score at week 6 in the SHT group were signifi-

antly improved compared with those in the Control group. The eight

ubdomains of SF-36 have been defined into physical and mental health

lusters in factor analysis studies. 47 PF, RF, and BP are strongly cor-

elated with the physical components, whereas MH, RE, and SF are

trongly correlated with the mental components. 48 Fatigue is generally

lassified into physical fatigue (muscular exhaustion and impaired phys-

cal performance) and mental fatigue (mental fatigue, attention, con-

entration, or motivation loss). 49 SHT is effective against both mental

nd physical fatigue, whereas GJD is effective against mental and social

atigue. Thus, both GJD and SHT could be helpful in treating chronic

atigue in Koreans, which is strongly related to psychosocial factors. 4 

urthermore, GJD and SHT should be administered continually for at

east four weeks at the dose used in the present study to produce anti-

atigue effects. In terms of SOFA/GP, the number of participants with

 score of ≥ 3 (cut-off score of ≥ 3) significantly decreased in the SHT

roup on week 4 compared with that in the Control group, suggesting

hat SHT should be administered for at least four weeks to achieve anti-

atigue effects. 

Intervention-related severe AEs were not observed in the present

tudy, and the laboratory findings were within the normal ranges. These

esults suggest that the long-term use (maximum of 4 weeks) of GJD and

HT is safe. Eight of the 90 participants reported side effects, four of

hom received a placebo. The side effects were mostly gastrointestinal

ymptoms such as stomach discomfort (heartburn, nausea), abdominal

loating, and loose stool. However, these symptoms were transient and

nly observed briefly after IP administration. Moreover, the symptoms

esolved without treatment or after adjusting the timing of administra-

ion. 

This study has some strengths. First, this was an RCT with a large

ample size that investigated the anti-fatigue effects of GJD and SHT in
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he Korean population. Previous studies used small sample sizes (GJD) 13 

r were not RCTs (SHT). Second, previous animal and clinical studies

rtificially induced acute fatigue, whereas the present study included

atients with chronic fatigue that persisted for at least 6 months. Acute

atigue was induced by restricting the duration of sleep to a short pe-

iod in healthy men (GJD) 13 or by indirectly examining the anti-fatigue

ffects of increased exercise (swimming) time in mice (SHT) in previ-

us studies. 50 Third, the present study demonstrated that GJD may be

ffective against chronic mental and social fatigue, whereas SHT may

e effective against chronic mental and physical fatigue. GJD and SHT

ed to significant reductions in chronic fatigue in certain dimensions of

he SF-36 (GJD [SF] and SHT [pH, RE]) compared with those in the

ontrol group in the present study. Fourth, the safety of long-term use

up to 4 weeks) of GJD and SHT was confirmed in the present study.

urthermore, no abnormal laboratory findings or serious AEs related to

nterventions were observed. 

Nevertheless, this study has several limitations. First, it is possible

hat an optimal dose of GJD or SHT was not used to achieve maximum

nti-fatigue effects. The Korean Ministry of Food and Drug Safety rec-

mmends taking three pills of GJD thrice daily. However, a dose of one

ill of GJD once daily was used in the present study, which is the ac-

ual prescription in clinical practice. Future studies should investigate

he appropriate dose and duration of GJD and SHT that will yield anti-

atigue effects. 

Second, the findings of this study may have been influenced by

OVID-19-related fatigue, as this study was conducted during the

OVID-19 pandemic. The global pandemic of COVID-19 occurred dur-

ng the study period (December 2021 to January 2023). The prevalence

f fatigue increased to 46–52 % in several countries during the pan-

emic. 51 , 52 The COVID-19 pandemic has induced intense and pervasive

tress that is difficult to control. 53 , 54 Factors such as fear of infection,

epeated media mentions, and an endless cycle of social distancing con-

ributed to high levels of mental fatigue among individuals. 55 Further-

ore, psychological fatigue among Korean workers has increased since

he beginning of the COVID-19 pandemic. 56 Although fatigue due to

epression was excluded using the FSS scores (scores of ≥ 7 for items 4

nd 9) at the screening visit, the impact of self-quarantine and social dis-

ancing policies prioritized during the COVID-19 pandemic on the par-

icipants’ mental health was beyond our control. Some participants had

ndergone self-quarantine or isolation due to close contact or COVID-19

nfection. Self-quarantine due to the COVID-19 pandemic has had a sig-

ificant impact on mental health, leading to high levels of anxiety and

epression. 57 Individuals reported higher levels of mental fatigue than

hysical or social fatigue during the COVID-19 pandemic. 58 Thus, as-

essing and tracking the changes in the mental health of the participants

sing anxiety and depression scales, such as the Beck Depression Inven-

ory, along with FSS, would have been more appropriate. The pandemic

s anticipated to have lingering effects on individuals even after its end,

ausing mental fatigue and resulting in serious sequelae. 59 Therefore,

uture studies on fatigue should differentiate between chronic fatigue

nd COVID-19-related fatigue. 

Third, ICF and CFS were not differentiated. ICF and CFS are distinct

onditions with different etiologies and clinical courses. CFS is a mul-

isystem neuroimmune disorder that is often associated with inflamma-

ion of the brain. 60 , 61 ICF typically has a favorable clinical course with

ecovery rates ranging from 54 to 94 %; however, CFS has a recovery

ate of < 10 %. 62 All three groups in this study showed improvements in

he FSS, CFQ, and SF-36 scores. Therefore, ICF and CFS were not differ-

ntiated in this study, and it is unlikely that any of the participants had

FS. 

Fourth, lifestyle factors closely related to the alleviation and exac-

rbation of chronic fatigue, such as sleep, diet, and exercise, could not

e controlled as the participants visited the trial facility on designated

chedules. Although not conclusively established, fatigue is a multifac-

orial condition influenced by various factors, including inflammation,

sychological and mental health, metabolic changes, micronutrient defi-
10
iencies, and sleep disturbances. 63-65 This study did not gather informa-

ion on sociodemographic variables affecting the participants’ lifestyles

nd behavioral norms, such as diet, exercise, sleep habits, education, oc-

upation, and marital status. The absence of investigation and control

ver lifestyle factors may have influenced the results of the self-reported

uestionnaires and fatigue-related biomarker levels. 

In conclusion, improvements in chronic fatigue, as measured using

he FSS, CFQ, and SF-36 scores, were observed in the GJD, SHT, and

ontrol groups; however, the differences in the FSS and CFQ scores were

ot statistically significant. This was attributed to a strong placebo ef-

ect. Furthermore, no significant changes were observed in the MFI-20

core or fatigue-related biomarker levels. Nevertheless, the GJD group

howed statistically significant improvements in the SF score in SF-36

t week 4, whereas the SHT group showed significant improvements in

he RE score at weeks 4 and 6 and the PF score at week 6 compared

ith those in the Control group. Thus, SHT may be effective for treat-

ng chronic mental and physical fatigue, whereas GJD may be effective

or treating chronic mental and social fatigue. This study provides ev-

dence supporting the safety of long-term use (up to 4 weeks) of GJD

nd SHT. Future studies should consider controlling variables that in-

uce placebo effects, determine appropriate dosages and durations of

JD and SHT that yield adequate anti-fatigue effects, distinguish be-

ween chronic and COVID-19 pandemic-related fatigue, and investigate

nd control lifestyle factors related to fatigue. 
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