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Introduction: Integrative Korean medicine treatment (IKM), including herbal medicine (HM) and acupuncture, has been widely used
for obesity and overweight in children and adolescents in South Korea. We investigated the real-world usage status and the potential
effect of the IKM for obesity and overweight in children and adolescents.

Methods: Multicenter medical charts were retrospectively reviewed of obese and overweight children and adolescents who visited Korean
medicine institutions with the goal of weight control for the first time and received IKM, to analyze the usage status and effect of IKM. We
defined IKM responders as those with an improved obesity grade on the body mass index (BMI) percentile and analyzed their characteristics.
Results: Medical charts of 209 patients (183 obese and 26 overweight) with a mean age of 11.45 years were examined. Patients
visited the institution a mean of 5.95 times, and HM alone and HM plus acupuncture were frequently used IKM. HM was prescribed to
205 patients, 167 of whom received an HM prescription containing Ephedrae Herba. An HM of the decoction type was prescribed to
189 patients, and the average treatment duration was 76.54 days. After IKM, the percentile and z-score of BMI and weight
significantly declined and height percentile and z-score were significantly enhanced, without serious adverse events. In the IKM
responders, age, and the proportion of girls and overweight were significantly higher, and the percentile and z-score of height, weight,
and BMI were significantly lower.

Conclusion: This is the first study to examine the real-world usage of IKM for obesity and overweight in children and adolescents.
A significant improvement in obesity-related outcome measures after IKM, illustrated the potential effect of IKM.
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Introduction

Pediatric obesity is defined as having a body mass index (BMI) > 95th percentile according to age and sex for children
and adolescents aged > 2 years. Pediatric overweight is defined as having a BMI > 85th percentile and < 95th percentile
according to age and sex.' In recent decades, obesity has been escalating sharply, and in particular, over the past 40 years,
obesity in children has increased by about eight times worldwide.> Childhood obesity is highly likely to lead to adult
obesity, and can accompany or cause various diseases such as cardiovascular diseases in adulthood, resulting in serious

socioeconomic burden.®
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According to recent clinical guidelines for the diagnosis and treatment of childhood and adolescent obesity,' a staged
approach is recommended for treatment. First, lifestyle modification is required, and if there are obesity-related
comorbidities, such as diabetes and hyperlipidemia, they should be treated.! If there is no improvement, additional
treatment such as medication or surgical therapy is considered." However, lifestyle modification has low compliance in
pediatric obese patients, and information on the efficacy and safety of medications is limited.®” Accordingly, the demand
for safe and effective treatment for childhood and adolescent obesity is growing.

Integrative Korean medicine treatment (IKM), including herbal medicine (HM), acupuncture, moxibustion, cupping
therapy, and chuna manual therapy, has been widely used for the treatment of children and adolescents with obesity and
overweight in South Korea. HM involves the use of medicine collected from animals, plants, or minerals, including
dried, cut, or refined in its original form. Acupuncture and moxibustion are therapeutic procedures involving the insertion
of needles for remedial purposes and involving the use of ignited material to apply heat to certain points or areas of the
body surface, for curing disease by regulating the function of meridians/channels and visceral organs, respectively.®
Cupping therapy is a therapeutic method involving the application of suction using a vacuumized cup or jar on the
affected body surface.® Chuna manual therapy is a manual therapy used to treat structural or functional problems by
Korean medicine doctors (KMDs), who stimulate a patient’s body structures using hands, body parts, or tools such as
a Chuna table.” Although the effect of a specific HM, Slim-diet, with lifestyle modification on 13 obese children has been
reported retrospectively,'® no clinical studies have investigated the use of various IKM and their effects in pediatric
obesity and overweight. Therefore, to explore the current situation before examining the effect with a prospective study
design, we investigated the real-world usage status and the potential effect of the IKM currently being used for children
and adolescents with obesity and overweight through a multicenter chart review for the first time.

Methods

Study Design

This study was a retrospective chart review of children and adolescents with obesity and overweight treated by IKM at
three Korean medicine institutions in South Korea, including two hospitals (Kyung Hee University Korean Medicine
Hospital and Kyung Hee University Korean Medicine Hospital at Gangdong; both located in Seoul) and one clinic
(Haeundae Hamsoa Korean Medicine Clinic located in Busan).

Study Population
Inclusion Criteria

1. Children and adolescents (aged 2—19 years) who first visited the three Korean medicine institutions in South Korea
from January 2012 to February 2023 with weight loss as their chief complaint. Children and adolescents in this age
range were selected considering that those aged 2 years or older are classified as overweight or obese based on the
BMI percentile according to age and sex,' and Korean medicine institutions classify and treat patients under the
age of 19 as children and adolescents.

2. Obese and overweight patients whose BMI percentile at the time of the first visit was > the 85th percentile
compared to those of the same sex and age on the 2017 Korean National Growth Charts for children and
adolescents, published by the Korea Centers for Disease Control and Prevention.'"!

3. Those without other organic diseases that might cause obesity and overweight.
4. Those patients who received IKM including HM, acupuncture, and moxibustion.
5. Those participants with recorded changes in weight before and after IKM.

Exclusion Criteria
1. Those judged to have other organic diseases causing obesity and overweight.
2. Those subjects with insufficient medical records, such as the contents of IKM were not recorded.
3. Those patients who visited after 12 months from the previous visit, judged to be ambiguous regarding outcomes as
the effect of IKM.
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Data Collected

Sociodemographic Characteristics

The following items were collected as sociodemographic information for patients if they could be identified in the chart:
age, sex, type of visit (inpatient or outpatient), height, weight, BMI, birth weight, mid-parental height (MPH), family
history, medical history including history of obesity treatment, menarche in the case of girls, and current comorbidities.

Details of Integrative Korean Medicine

The type and combination of IKM used for each patient in all institutions was determined according to the clinical
KMDs’ judgment and patients’ opinion. To investigate the real-world usage of IKM in a clinical setting, details of IKM
including treatment contents, treatment period, and number of treatments and visits were collected. For herbal decoction,
the frequency of individual prescriptions was investigated.

Obesity-Related Outcome Measures
To explore the magnitude of the potential effect of IKM, the following obesity-related outcome measures were
investigated.

1. BMI percentile and z-score

2. Weight percentile and z-score

3. Body composition parameters including body fat mass and body fat percentage (measured by bioelectric
impedance analysis)

4. Height percentile and z-score

The percentile and z-score of BMI, weight, and height were calculated based on the 2017 Korean National Growth
Charts for children and adolescents, published by the Korea Centers for Disease Control and Prevention.''

Investigation of Adverse Events
To explore the safety of IKM, all adverse events that occurred during the treatment period and whether they were cured
were investigated.

Characteristics of Responders

The patients were classified into “responders” and “non-responders”, and responders were defined as patients with an
improvement in obesity grade on the BMI percentile chart after IKM, including patients who were obese by BMI
percentile at the first visit but adjusted to overweight or normal after the last treatment or patients who were overweight
at the first visit but transformed to normal after the last treatment. The differences in characteristics between the two
groups were compared.

Data Analysis

General characteristics of the patients were summarized as mean * standard deviation (SD) and frequency (column
proportion) for continuous and categorical variables, respectively. Differences in general characteristics between boys and
girls were compared using independent two-sample #-test for continuous variables and Chi-squared test for categorical
variables. Changes in obesity-related outcome measures before and after IKM were analyzed using the paired #-test or
Wilcoxon signed-rank test depending on the sample size and the normality test results of the Shapiro—Wilk test. The effects
sizes were calculated using Cohen’s d.'> Subgroup analysis was conducted by dividing all patients according to (1) sex, (2)
BMI category (obese or overweight), and (3) whether the prescribed HM contained Ephedrae Herba. In IKM, obesity is
considered as a non-physiological fluid retention state caused by abnormal fluid metabolism due to qi deficiency, decreased
activity, stress, and excessive nutrition.'* Ephedrae Herba is one of the most commonly used herbs for the treatment of
obesity in IKM because it can alleviate abnormalities in fluid metabolism through improvements in the functions of the
spleen, lungs, and kidneys by promoting sweating to dispel pathogenic factors from the exterior portion of the body, diffusing
the lungs to resolve phlegm, and opening interstices.'*'® Differences in characteristics of patients between the responder and
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non-responder groups were compared using Wilcoxon rank-sum tests because of the small sample size and the normality test
results for continuous variables. For categorical variables, the Chi-squared test and Fisher’s exact test were used depending
on whether one of the cells in the contingency table had five or fewer than five observations. All statistical analyses were
performed using R version 4.2.1 (R Core Team [2022], Vienna, Austria), and a significance level of 0.05 were defined. The
different sample sizes were utilized according to individual analysis due to missing values for each variable.

Ethical Considerations

This study was approved by the Institutional Review Boards (IRBs) of Kyung Hee University Korean Medicine Hospital
(KOMCIRB 2022-05-001-001), Kyung Hee University Korean Medicine Hospital at Gangdong (KHNMCOH 2022-06-
008), and Korea Institute of Oriental Medicine (I-2207/007-001) to analyze the data that did not include the participants’
personal identification information. Informed consent was waived by IRBs because it was practically impossible to
obtain consent from participants, and it did not include personally identifiable information. Our research was conducted
in compliance with the Declaration of Helsinki.

Results

Patient Characteristics

There were a total of 644 pediatric patients who first visited the three institutions for the purpose of weight loss. As
a result of review according to the eligibility criteria, a total of 209 patients were included in the analysis (Figure 1). The
patients consisted of 111 boys (53.11%) and 98 girls (46.89%), and the mean + SD age was 11.45 + 3.98 years. There
were 50 girls (51.02%) who started menarche, 25 girls (25.51%) who did not, and 23 girls (23.47%) who had no relevant
records. The average height, weight, and BMI for the combined sexes were 147.39 = 17.24 cm, 59.89 + 21.82 kg, and
26.54 £ 4.47. There were 183 obese (87.56%) and 26 overweight (12.44%) children and adolescents (Table 1). Two
patients (0.96%) treated for obesity in the past had been treated with appetite suppressants, including liraglutide injection
for two weeks and phentermine/topiramate for one month, respectively. All patients were not receiving any other obesity
treatment at the time of their first visit and during the treatment period. Three patients (1.44%) received both

Patients (2-19 years) who first visited institutions
for the purpose of weight loss
n=644

Excluded (n=17)
BMI percentile < 85 (n = 12)
Obesity due to organic disease (n = 5)

A 4

Selected patients
n=627 Excluded (n = 358)

Patients who did not receive any IKM (n=11)

Patients without recorded changes in weight
before and after IKM (n = 343)
Patients who visited after 12 months from the

A 4

A 4

previous visit, judged to be ambiguous to regard

Selected patients the outcomes as the effect of IKM (n = 4)

n=269

o| Excluded (n = 60)
Patients with insufficient medical records (n = 60)

A

Final selected patients
n=209

Figure | A flowchart of inclusion of patients.
Abbreviations: BMI, body mass index; IKM, integrative Korean medicine treatment.
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Table | Characteristics of the Patients

Variables Total n Boys n Girls n p value
Sex

Boys 111 (53.11) 209

Girls 98 (46.89)
Menarche (girls)

Yes 50 (51.02) 98

No 25 (25.51)

Not recorded 23 (23.47)
Family history

Hypertension 18 (8.61) 209

Diabetes mellitus 10 (4.78)

Obesity 6 (2.87)

Dyslipidemia 2 (0.96)

Precocious puberty 1 (0.48)
BMI category

Obese 183 (87.56) 209 103 (92.79) 11 80 (81.63) 98 0.026

Overweight 26 (12.44) 8 (7.21) 18 (18.37)
Age (years) 11.45 + 3.98 209 10.74 £ 3.53 11 1226 + 4.3 98 0.006
Height (cm) 147.39 £ 17.24 209 146.71 £ 17.99 11 148.16 + 16.4 98 0.545
Weight (kg) 59.89 + 21.82 209 59.79 +22.48 11 60 +21.17 98 0.945
BMI (kg/m?) 26.54 + 447 209 26.69 + 3.89 11 26.36 + 5.07 98 0.594
Birth weight (kg) 327 £ 048 127 3.32 £ 049 79 3.2 £ 046 48 0.166
MPH (cm) 169.29 + 7.09 135 173.98 + 3.7 83 161.8 + 4.15 52 <0.001

Notes: The values are presented as mean * standard deviation and frequency (column proportion) for continuous and categorical variables, respectively. The p values for
continuous and categorical variables were calculated from the independent two-sample t-test and chi-squared test, respectively.
Abbreviations: BMI, body mass index; MPH, mid-parental height.

hospitalization and outpatient treatment, and the rest received only outpatient treatment. Allergic rhinitis was the most
common comorbidity in 39 patients (18.66%), followed by short stature (27 patients, 12.92%) and edema (14 patients,
6.70%) (Supplementary Table 1).

Details of Integrative Korean Medicine

Patients visited the hospitals and clinic an average of 5.95 + 7.80 times, and the mean total period of visits, which is the period
between the first and last visits was 176.8 £ 299.79 days. HM alone was used most frequently in 114 patients (54.55%), and
HM plus acupuncture was also often used in 40 patients (19.14%), followed by HM, moxibustion, acupuncture, and chuna
manual therapy (19 patients, 9.09%) and HM, moxibustion, and acupuncture (12 patients, 5.74%) (Table 2). When examining
individual IKM, HM was administered to 205 patients (98.09%), among these patients, 189 patients received decoctions, and
109 patients received granules as the dosage form. Of the patients who were prescribed HM, 167 had Ephedrae Herba in their
prescription and 38 did not. In the case of herbal decoction, an average of 1.40 + 0.93 types were administered, and the average
administration period was 76.54 + 87.45 days. When all the herbal decoctions administered to the patients were counted,
modified Wolbigachul-tang was used most often in 29 patients (14.95%), followed by modified Pyeongjin-tang in 18 patients
(9.28%), and modified Taceumjowi-tang in 17 patients (8.76%) (Supplementary Table 2).

Moxibustion was implemented an average of 9.73 + 11.11 times during the treatment period in 48 patients (22.97%),
among them indirect moxibustion was conducted in 46 patients and direct moxibustion in two patients. Acupuncture was
performed an average of 10.20 £ 17.15 times for 87 patients (41.63%), including manual acupuncture at points located on
the auricle (ear acupuncture) for 38 patients, manual acupuncture at points located on the trunk and limbs for 44 patients,
and electroacupuncture (electric stimulation of the needle following insertion) for 35 patients. Cupping therapy,
pharmacopuncture, and chuna manual therapy were conducted in five (2.39%), seven (3.35%), and 27 (12.92%) patients,
with an average of 4 + 3, 7 = 6.95, and 13.44 + 10.83 times, respectively, during the treatment period. Each IKM was
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Table 2 Contents of Integrative Korean Medicine Treatment

Contents n (%)
HM 114 (54.55)
HM + AT 40 (19.14)
HM + Moxa + AT + Chuna 19 (9.09)
HM + Moxa + AT 12 (5.74)
HM + Moxa 6 (2.87)
HM + Chuna 2 (0.96)
HM + AT + Chuna 2 (0.96)
HM + Moxa + AT + Pharmacopuncture 2 (0.96)
HM + Moxa + AT + Pharmacopuncture + Chuna 2 (0.96)
HM + Moxa + Cupping therapy + AT 2 (0.96)
HM + Moxa + Cupping therapy + AT + Pharmacopuncture 2 (0.96)
Moxa + AT 2 (0.96)
AT 2 (0.96)
HM + Moxa + Cupping therapy + AT + Chuna | (0.48)
HM + AT + Pharmacopuncture + Chuna 1 (0.48)
Total 209 (100)

Note: The values are presented as frequency (column proportion).
Abbreviations: AT, acupuncture therapy; HM, herbal medicine; Moxa, moxibustion.
safely performed by licensed KMDs after completing a formal education course in the Department of Korean Medicine at

universities for more than 6 years.

Changes in Obesity-Related Outcome Measures

The BMI percentile decreased significantly from an average of 97.93 + 3.13 before treatment to an average of 96.4 £ 6.04 after
treatment (p<0.001) (Figure 2), and the effect size was small to medium at 0.36. The BMI z-score also diminished statistically
significantly from an average of 2.62 + 0.97 before treatment to an average of 2.36 = 0.94 after treatment (p<0.001) (Figure 2),
and the effect size was medium to large at 0.63. The weight percentile and z-score declined significantly from 95.91 +6.19 and
2.31 £ 0.95 before treatment to 94.27 + 8.12 and 2.11 + 0.95 after treatment (all p<0.001), respectively (Table 3 and
Supplementary Figure 1). These meaningful results in percentile and z-score of BMI and weight were consistent regardless of

subgroup analysis according to sex (Supplementary Table 3a) and BMI category (Supplementary Table 3b). However, only

patients taking HM including Ephedrae Herba showed a significant difference (Supplementary Table 3c).

Body fat mass and body fat percentage decreased statistically significantly from 25.96 + 10.77 and 38.9 + 5.92 before
treatment to 24.11 + 9.98 and 36.91 + 5.87 after treatment (all p<0.001), respectively (Table 3 and Supplementary
Figure 1). However, in both outcomes, only obese patients and patients taking HM including Ephedrac Herba displayed

a marked difference, and body fat mass showed a noteworthy change only in girls (Supplementary Table 3a—c).

The height percentile and z-score increased significantly from 69.29 + 26.77 and 0.74 £+ 1.03 before treatment to
70.24 £ 26.6 and 0.79 + 1.05 after treatment (p=0.021 and 0.002) (Table 3 and Supplementary Figure 1). These
significant differences were consistent only in girls and obese patients (Supplementary Table 3a and b). Height z-score
presented a significant difference only in patients taking HM including Ephedrae Herba (Supplementary Table 3c).

Adverse Events

A total of 48 adverse events occurred in 16 patients during the treatment period. Among them, diarrhea was the most
common with 20 cases (41.67%), followed by nausea in eight cases (16.67%), dizziness in four cases (8.33%), and
vomiting in three cases (6.25%) (Table 4). The diarrhea in 19 cases out of 20 and the vomiting in three cases were all
induced after taking Euphorbia kansui Liou ex Wang, a typical purgative herb used in therapies that induce vomiting and
diarrhea. All adverse events disappeared spontaneously without special action or were treated with appropriate methods
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Figure 2 Changes of BMI percentile and z-score.
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Abbreviation: BMI, body mass index.

according to the judgment of KMDs. These adverse events did not affect the treatment contents of patients, and treatment
was resumed after recovery if necessary according to the KMDs’ judgement.

Characteristics of Responders

Twenty-four patients (11.48%) responded to IKM. When the characteristics of the responder and non-responder
groups were compared retrospectively, the proportion of girls and overweight in the BMI category was signifi-
cantly higher in the responders, as was age. In addition, the percentile and z-score of height, weight, and BMI

Table 3 Change in Obesity-Related Outcome Measures

Variables n Baseline Measurement | Last Measurement | Effect Size p value
BMI percentile 187 97.93 £ 3.13 96.4 + 6.04 0.36 <0.001
BMI z-score 187 2,62 + 0.97 2.36 + 0.94 0.63 <0.001
Weight percentile 209 9591 £ 6.19 94.27 + 8.12 0.36 <0.001
Weight z-score 209 231 £0.95 2.11 £0.95 0.51 <0.001
Body fat mass 74 25.96 + 10.77 24.11 £ 9.98 0.44 <0.001
Body fat percentage 74 389 +592 3691 + 587 0.51 <0.001
Height percentile 187 69.29 + 26.77 70.24 £ 26.6 0.17 0.021
Height z-score 187 0.74 + 1.03 0.79 = 1.05 0.23 0.002

Notes: The values are presented as mean * standard deviation. The p values were calculated from paired sample t-tests.
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Table 4 Adverse Events
Variables Frequency (%)
Diarrhea 20 (41.67)
Nausea 8 (16.67)
Dizziness 4 (8.33)
Vomiting 3 (6.25)
Headache 2 (4.17)
Pruritus 1 (2.08)
Dry mouth 1 (2.08)
Difficulty falling asleep 1 (2.08)
Blurred vision 1 (2.08)
Increased stool frequency 1 (2.08)
Hair loss 1 (2.08)
Abdominal pain 1 (2.08)
Hand tremor 1 (2.08)
Cold sweat 1 (2.08)
Palpitation | (2.08)
Light sleep 1 (2.08)
Total 48 (100)
Note: The values are presented as frequency (column proportion).
Table 5 Characteristics of Patients According to the Treatment Response
Variables Responder n Non-Responder n p value
Sex
Boys 7 (29.17) 24 92 (56.44) 163 0.023F
Girls 17 (70.83) 71 (43.56)
BMI category
Obese 14 (58.33) 24 150 (92.02) 163 <0.001F
Overweight 10 (41.67) 13 (7.98)
Herbal medicine
Including Ephedrae Herba 23 (95.83) 24 123 (77.36) 159 0.052*
Not including Ephedrae Herba 1 (4.17) 36 (22.64)
Age (years) 13.02 £ 2.97 24 10.8 £ 3.79 163 0.002
BMI percentile 94 + 3.79 24 9851 £ 2.57 163 <0.001
BMI z-score 1.64 £ 0.36 24 2.77 £ 0.95 163 <0.001
Weight percentile 90.47 + 6.56 24 96.78 + 5.58 163 <0.001
Weight z-score 1.44 + 0.48 24 241 £ 091 163 <0.001
Height percentile 59.28 + 25.55 24 70.76 + 26.7 163 0.031
Height z-score 0.31 £0.83 24 0.8 £ 1.05 163 0.033
Birth weight (kg) 3.26 £ 047 I 327 £ 048 Il 0.954
Administration period of herbal decoction (day) 101.58 + 128.79 24 71.9 = 80.76 156 0.113
The period between the first and last visits (day) 159.54 £ 157.05 24 187.85 + 330.2 163 0.718
Number of visits 5.58 + 5.63 24 6.15 £ 845 163 0.753

Notes: The values are presented as mean * standard deviation and frequency (column proportion) for continuous and categorical variables, respectively. The p valuet and
p value* for categorical variables were calculated from the chi-squared test and Fisher’s exact test respectively. The p values for continuous variables were calculated from

Wilcoxon rank-sum tests.
Abbreviation: BMI, body mass index.

were significantly lower in responders. There were no significant differences between the two groups in other

parameters such as birth weight, number of visits, and administration period of herbal decoction treatment

(Table 5).
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Discussion

Childhood and adolescent obesity is one of the most serious global public health problems of the 21st century. According
to the data released by the World Health Organization in 2019,'® the number of school-age children with obesity has
increased more than 10 times over the past 40 years. More than 38 million children under the age of five were also stated
to be obese or overweight; therefore, all countries around the world agreed on a global goal to stop the increase in obesity
and overweight.'® Although estimates of the cost of childhood obesity worldwide have yet to be described, reducing the
average BMI percentile of children by 5 percentile points could save 1.1 billion euros in lifetime costs. Hence, prevention
and treatment of childhood obesity may be of economic value.'® However, due to limitations such as low compliance
with current lifestyle interventions and the side effects and high cost of conventional medication for childhood and
adolescent obesity,*’ there is an increasing demand for complementary and integrative medicine that can be combined
with lifestyle interventions for children and adolescents who are obese and overweight.'”'® In particular, in South Korea,
IKM (including HM and acupuncture) has been actively used for the treatment of children and adolescents who are
overweight and obese. However, studies on its actual use, effectiveness, and safety have not been conducted thus far.
Considering that an effective treatment strategy is needed due to the increase in childhood and adolescent obesity
worldwide, this study attempted to present a global treatment option by examining the current status and effects of IKM.

A total of 209 patients with a mean age of 11.45 years were included in the analysis. The average number of patient
visits was 5.95, and various combinations of IKM were used, but HM alone was the most common, followed by HM plus
acupuncture. Herbal decoction was administered for an average of 76.54 days. Obesity-related outcome measures
including the percentile and z-score of BMI and weight, body fat mass, and body fat percentile all significantly declined
after treatment, and the effect size was generally small to moderate. In addition, the height percentile and z-score also
showed a tendency to increase significantly after treatment.

In the subgroup analysis, the percentile and z-score of BMI and weight, body fat mass, and body fat percentage
significantly improved only in patients taking HM including Ephedrae Herba. The anti-obesity effect of Ephedrae Herba
is achieved by stimulating the sympathetic nerve by directly activating B1- and B2-adrenoreceptors with ephedrine, the
main ingredient.'® It is also associated with accelerated body fat breakdown through decreased appetite, inhibition of
cholesterol absorption in the small intestine and increased energy expenditure in adipose tissue.?’ Therefore, Ephedrae
Herba has been one of the most often used herbs for the treatment of obesity in IKM,' and the significant weight loss
effect of HM including Ephedrae Herba can be caused by these comprehensive actions.

There were 48 adverse events during the treatment period, and they disappeared spontaneously without special action
or were treated with appropriate methods according to the judgment of KMDs. The frequently reported adverse events
were diarrhea, nausea, dizziness, and vomiting. In particular, most of the patients who complained of diarrhea and
vomiting occurred after taking Euphorbia kansui Liou ex Wang, a representative offensive purgative medicinal agent.
Euphorbia kansui Liou ex Wang is used to remove moisture from the lower part of the human body, treat chronic
indigestion, and has anti-obesity and glycemic control effects.”' Considering that Euphorbia kansui Liou ex Wang is
a representative purgative medicine and is used in therapies that induce vomiting and diarrhea, these symptoms after
taking it may not be considered as adverse events. In addition, dehydration symptoms, which are considered the most
cautious adverse events after taking Euphorbia kansui Liou ex Wang,?*> were not reported by any participant in the
present study. Especially, Ephedrae Herba is associated with symptoms such as tachycardia, arrhythmia, tremor,
insomnia, and lack of appetite, and adverse events related to the cardiovascular and nervous systems have been
described. Hence, in South Korea, clinical safety guidelines for the use of Ephedrae Herba in obesity treatment have
been published.** In our study, adverse events such as palpitation and insomnia, which may be related to Ephedrae
Herba, were informed in a small number of patients but disappeared spontaneously or were cured. One study® stated that
no significant changes were observed in electrocardiogram, Doppler ultrasound, blood tests, and urinalysis when healthy
people were prescribed adequate amounts of Ephedrac Herba and ephedrine in the short and long term. According to the
results of our study, IKM performed under the judgment of professional KMDs can make it possible for children and

adolescents with obesity and overweight to achieve weight loss without serious adverse reactions.
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Modified Wolbigachul-tang, Pyeongjin-tang, and Taeeumjowi-tang were the frequently used herbal decoctions in
patients. Wolbichul-tang was used for edema in the Synopsis of Prescriptions of the Golden Chamber, and the its effect
on obese patients has been described.”® Pyeongjin-tang is a combination of Pyeongwi-san (Pingwei-san in Chinese) and
Yijin-tang (Erchen-tang in Chinese). Pyeongwi-san regulates gastrointestinal activity and water-electrolyte metabolism,”
and the effect of Yijin-tang on obesity has also been stated.”® Taceumjowi-tang is one of the most frequently utilized and
studied HMs for obesity treatment, and its weight loss effect has also been conveyed.*~°

We compared the characteristics of IKM responders and non-responders. In the responders, the proportion of girls and
overweight was significantly higher, along with age. The percentile and z-score of height, weight, and BMI were
significantly lower in responders. To the best of our knowledge, this is the first analysis of the characteristics of
responders after IKM in obese and overweight children and adolescent and may help clinicians understand treatment
outcomes and prognosis for patients. However, this was a retrospective comparison of the characteristics of two groups
after operationally defining the responders of IKM following a discussion among the researchers. Consequently, there is
no data to compare these with the responder ratio and characteristics of responders of other obesity-related therapies.
Therefore, it cannot be concluded that the indicators reported to have significant differences between the two groups are
the only indicators that directly influence IKM effects.

The limitation of this study is that the patient’s lifestyle and compliance with IKM were not sufficiently controlled
due to the retrospective nature of this study. Because children and adolescent’s physical activity and eating habits are

significantly related to obesity and overweight,®'~*

they act as confounding variables in the results of this study.
However, information on these factors was not sufficiently described in medical records, and its influence cannot be
ignored. In addition, because children and adolescents are growing, sexual maturity has an important effect on the
outcome of growth and development. However, because sexual maturity was recorded in only five patients, the effect on
obesity-related outcomes could not be confirmed. Finally, according to the judgment of clinical KMDs, the dose and
components of HMs and acupuncture tools were selected depending on the patient’s age, accompanying symptom, and
pattern identification. However, due to the nature of the retrospective chart review, it was not possible to obtain complete
information on all treatments. Therefore, it was not possible to determine which treatment among the IKMs was more
effective.

Nevertheless, this study is the first study to examine the real-world use, preliminary effects, and safety of IKM,
which is actively being conducted in clinical settings in South Korea, in obese and overweight pediatric patients
through the analysis of various variables. We tried to minimize regional bias in South Korea by analyzing three multi-
center chart reviews. In addition, various combinations of IKM were used against the patient’s accompanying
symptoms and pattern identification, and the clinical judgement of KMDs. As a result, the preliminary effect and
safety of them were examined in a practical way. Furthermore, the effect size of the change was also calculated. In the
future, based on the results confirmed in this study, the effect of IKM should be investigated prospectively in
comparison with an appropriate control group such as lifestyle intervention. In particular, because childhood and
adolescent obesity can lead to adult obesity in many cases and cause various complications, research on the effect of
IKM received in childhood on BMI and weight in adulthood through long-term registry studies with a large sample
size should be conducted. In addition, if related studies are conducted in China and Japan, where HM and acupuncture
are also actively performed in children and adolescents with obesity and overweight, it will help to generalize the
study results. Furthermore, considering the worldwide socioeconomic impact of childhood and adolescent obesity and
the need for cost-effective therapeutic methods, future economic evaluation research investigating the effects and costs
of IKM will be helpful for the decision-making process of policymakers as well as clinicians, researchers, and
patients.

Conclusions

Given the worldwide increase in childhood and adolescent obesity and the growing demand for safe and effective
treatments, we examined the real-world use, effects, and safety of IKM for children and adolescents who are overweight
and obese through a multicenter chart review for the first time, which is actively used for treatment in clinical settings in
South Korea. The real-world usage of IKM indicated that HM alone was the most frequently used, and herbal decoction
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was administered for an average of 76.54 days. A significant reduction in BMI and weight percentile and z-score, and
a significant improvement in height percentile and z-score in them after IKM, without serious adverse events revealed the
potential effect and safety of IKM.
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