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Objectives
This study aimed to analyze the registration status and characteristics of clinical trials on herbal medicine (HM)
and medication interventions for simple obesity in children and adolescents.

Methods

All interventional clinical trials registered in the International Clinical Trials Registry Platform of the World
Health Organization until December 12, 2024, were collected. The study design, interventions, inclusion and
exclusion criteria, and outcome measures were extracted.

Results

A total of 24 clinical trials (23 medications and 1 HM) were analyzed. The most common study designs were
single-center, randomized controlled, parallel, and phase 2. Placebo controls were used in 87.5% of the studies,
blinding was used in 79.1%, and quadruple blinding was the most common. Informed consent was obtained from
70.8% of the participants. Among the oral medications (66.6%), metformin was the most common (25%). Among
the non-oral medications (29.1%), exenatide (Bydureon) was the most common intervention (42.8%). Body mass
index was the most commonly reported primary outcome measure (79.1%), with most assessments performed at

6 months.

Conclusions

Based on the characteristics of the medication interventional clinical trial design analyzed in this study, additional

high-quality multicenter traditional Korean medicine trials need to

be designed in the future.
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II. Materials and Methods
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II. Results
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. . Records identified through registry searching
Identification
(WHO ICTRP) (n=2,437)
l l
Records after duplicates (n=24)  removed (n=2,413)
l
Records excluded(n=2,088)
1) Not trials for children and adolescents (n=387)
Screening - Including adults (n=347)
Records screened - No mention of max age (n=40)
(n=2,413) T | 2) Not trials for treatment (n=1269)
3) Not trials on obesity (n=7)
4) Including overweight or not obese (n=329)
5) Uncertain BMI (n=24)
6) No simple obesity (n=72)
l
Full-text trials excluded with reasons(n=301)
1) Duplicate (n=3)
Eligibility Full-text trials assessed for eligibility _, | 2) Not about herbal medicine or medication intervention (n=298)
(n=325) - Behavioral therapy only (n=179)
- Dietary supplements only (n=18)
- Other (n=101)
l
Trials included in the final analysis (n=24)
1) Trials for medication (n=23)
- Oral (n=16)
Included - Non-oral (n=7)
- Injection (n=6)
- Nasal spray (n=1)
2) Trials for oral herbal medicine (n=1)

Figure 1, Flow chart of clinical trial selection process

BMI: Body mass index, ICTRP: International Clinical Trial Registry Platform, WHO: World health organization.
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(2) H|BF Fo FA
AA| 24719] YEATolA BIATE FALE o=
A AT F 74 29.19%)°10 Fof el whet
g A, oFE 84S FARE AH Ao Fost
DEDTE= 631 85.7%) °IeH, T1F 5HE IH
1] ofgff ZAle)| kS Foshe HslrAl AT,
2] 173 (14.29)& WAVES B3 915 Adst A
of A3 AU FAF 0|99 BIA A Fof WHO
E2E H% 2zgo)E o83 wAake A7t 1d
(14.2%)°10L, BIZY 2Zgo] G255 9|oF T
Z3} vtk 739 At BF Hlalte] 249
HPLA AFE 9IoF x2S 7L A%, ©] F
47 (57.1%)S oFe HEQHT} 9IS Hlw, Y x|
371 (42.8%)2 F= YA 5 e 9okt 3
AR EFHE vwstth dgelA ARgE A
oFE-& AU Y, WA HslAL AT sHdAE 2F
712 FAF FERO] =1 (Glucagon-like peptide-1, GLP-1)
TE&A A ZA dzH o=
(Bydureon)' 7} 371 (60%)2 2 7PE B3k, 2
GLP-1 =84 ZH8AI Liraglutide'®7} UM =A] 24
(4owy< AHAA. AHstrAr A 110 BEw
=2 (Botulinum toxin) AFS 45 Husiol] FARSE A
THoH, v 2xgo] gEA s AT 1712 A&
I oA HHE & AT AFe FXlshk= A3t
F 5282 SAEMT)S SAE ARSIt B
o] ¢FE9] o]5d Fof W=} 85 I3t tis) #HA|
2Eg]o) ZgAIs] AAstaL e ddATE 7 T 6
A (85.7%)2 URES sk e 1
(14.2%)°llX= Fol W=y X 57|31l thejA] Barst
I YA RAUTE (Table 2).
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F 24719 AT F AT DAl tisl) gk A

+ 2371 (95.8%)°1U T}, 1% Phase 27} 971 (37.5%)
o= 71 wol] RuERIom Fo]o] Phase 3°] 57
(20.8%), Phase 47} 471 (16.6%), Phase 1°] 371 (12.5%)
2 2}11 B, Phase 07} Phase 2-3 0% HAH 77}
171 4128 JAJTE ' (Allocation) 2 2= T
S AFEA &8 AT 1A “d1wS A3 2374
(95.8%)%] QoA BT 72 g
tion)= RSN, AHAT EF 2= 217 (87.5%)

tlo _l\’

(Random alloca-

o] Arol|A B3 AA| (Parallel design) 2L B3t
of 7P Btk umA A B es Tl iy
(Single group assignment)©] 171 (4.1%), 33 A2 ¥

3ol =xA (Sequential a331gnment) 2¥o] 24
(8.3%) AUtk HAA 28-S B 217 (87.5%)
o] WA FollM= 177 (70.8%)S] AT77F 271L
2 o] R ATRIL, 47 (16.6%) 3N o= A3
H A7 £7FE Blinding)S A YdA+ 5 i
2?1 197 (79.1%)014 A=A o™, 15 AT
7 (Quadruple blinding)©] 1071 (41.6%) 22 714 &&
H|-8-2 ZA|313 3, ©15 4 (Double blinding)®] 77
(29.1%), 587 (Triple blinding)©] 271 (8.3%)2]
TollA Ba=Ent w7hdoe] H8EA] erof Ak}
o)57l BT FA sl ¢ e L& AT
370 (12.5%)°1R 3L o]&]ol| ghof AT 17108 3 2
7 8.3%)2] ATNME =7l tidt FEI) A
o] A AU} (Table 3).
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R 2~Egd &2]919s]e] AP $lel tis)] A
S A= 97 37.5%)°1R o, AH HYRE HAS)
A ke A= 157 (62.5%)°19 . T3 A F

3 A *0}94 ‘:")r ‘ﬁﬂ ﬂm 2 Ao} ERle]
1% ‘#—E (34 EHFJ )9»} M} 7o 9]% b=betss
< YA AT 97 37.5%), FE (HE digl)e
FoIe AF3 AT 171 d1%), 2oF Bl Fo
AFe AT 37 (12.5%), A o= AL
= A A3 e ¥R e dTe
(16.6%)°1TE. &otol|lA] AH FoJA T2 1
£ W= Yo] 7] tsiAE omE AFeAE A
w8 vl §l3, o] 9 HAREeP AR Fool T
d AN A= 778 (29.1%)°10

RN

(Tables 1, 2).
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ZA| 24719 AT F 107 (41.6%)2] AT-ollA
9 AT Aol tid EXE BAISHA L, BRI ~EF
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Fo| = ATE 147 (58.3%)°1UTH (Tables 1, 2).
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Table 3. Study Design of Included Clinical Trials

Study design

Main ID Year Institution or sponsor
Phase Allocation Intervention model Blinding Arm
NCT05416125 2022 University of Minnesota Ealy 1 RCT  Parallel Assignment Quadruple 2
NCT04873245 2021 University of Minnesota 2 RCT  Parallel Assignment None (Open label) 2
ChiCTR21000505 The First Affiliated Hospital of Henan .
10 2021 University of Traditional Chinese Medicine 0 RCT Parallel Assignment NR 2
NCT04678323 2020 University of Minnesota 3 RCT  Parallel Assignment Quadruple 2
EUCTR2019-0039
U 40 6(]) S)EOOS) 2020 Uppsala county council 2 RCT  Parallel Assignment None (Open label) 3
1 ildren's Hospital iversity of
NCTO4520490 2020 Scacle Children's Hospieal, University of - pop by Agianment Quadruple 2
Washington
Massachusetts General Hospital, National .
NCT04551482 2020 Insticutes of Healch 2 RCT  Parallel Assignment Double 2
NCT04298203 2020 University of Minnesota 2 RCT  Sequential Assignment Quadruple 3
NCT04007393 2019 University of Minnesota, NIDDK 2 RCT  Sequential Assignment Quadruple 6
NCT03922945 2019 VIVUS LLC 4 RCT Parallel Assignment Quadruple 3
EUCTR2016-0003 St Olavs Hospital Trondheim University .
201 2 R Parallel it
26-19-NO 016 Hospital CT arallel Assignment Double 3
EUCTR2014-004
U 53.14. BEOO 3 2016 Novo Nordisk A/S 3 RCT  Parallel Assignment Double 2
NCT02794402 2016 Uppsala University 2 RCT  Parallel Assignment Quadruple 2
Pennington Biomedical Research Center,
NCT02740660 2016 Leverage Innovation for Technology NA RCT  Parallel Assignment Triple 2
Transfer Fund
NCT02714062 2016 VIVUS LLC 4 RCT  Parallel Assignment Triple 3
L Single Group
1
NCT02398669 2015 Eisai incorporated 1 NA Assignment None (Open label)
EUCTR2015-0016 Dep. of Medical Cell Biology Uppsala .
201 2 R Parallel 1 2
98.45-SE 015 University CT arallel Assignment Double
NCT02273804 2014 Assistance Publique - Hopitaux de Paris 3 RCT  Parallel Assignment Quadruple 2
NCT02274948 2014 University of Colombo 4 RCT  Parallel Assignment Quadruple 2
University of Minnesota - Clinical and .
1 1
NCT01859013 2013 Translational Science Institute 2 RCT  Parallel Assignment Quadruple 2
EUCTR2012-
U 012-0000 2012 Novo Nordisk A/S 1 RCT  Parallel Assignment Double 2
38-20-DE
ISRCTNO08063839 2010 Royal Children's Hospital (Australia) 4 RCT Parallel Assignment NR 2
NCT00261911 2005 Abbott 3 RCT  Parallel Assignment Double 2
NCT00209482 2005 Glaser Pediatric Research Network 2-3 RCT  Parallel Assignment Double 2

Abbreviations: RCT: Randomised controlled trial, NIDDK: National Institute of Diabetes and Digestive and Kidney Diseases, LLC: Limited liability
company, NA: Not applicable, NR: Not reported.

7) Holg EYEY HL3 3. 201¥AH T HITZE AMAIR £

WA 24709] QAT % UlolE] RUED AV 4 mye) =x
o] X gl AF3F AT 1774 (70.8%)°190eH, 1 B e oA 9 7] "oz olst oA njut
Z Hlolel EUEE Hd37t EA4% A7 od o] ol mA Do}l 2o njuk Fe FHZS sx|a
(37.5%), Hl°oJE] EUER 93] glo] A7} xsd Q)R] ke Ao} AW T H|ulo| Tt kol 9 okE
WIAEL 871 (33.3%)°130aL, 5ol thafl ¥s]A] &% ZA) AFERS MASIe] BAE T AT} g%
& A7 73 (29.1%)°11TF (Tables 1, 2). 2Eglof 558 A%E 2005\ d5E 2022742 o
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o A8l ARE T4 g mysigon, 24 o
e 2471 B Aol Ygieh A WSl T
SHg oL} AT ol YPAToAE 6l TRke] o}
§ RS ATE 28 5 GRoH, AT Fol o
B QYATANE BE AT A 31a 70|
s 104 ololgieh. AEFIRke WA 2471 5 B
BE AL 5 YR 402 AP B 202
%

>
)

(83.3%)°] HA~Ez]
N Hdl 565712 thFsHA
oME MY + 299 A7k 7R A7 7
Q45 27, 67NE 47, 285 17H o2 7P Bk, 1d
o] AFIZFE 7 AT 570 g tHlE B o]
AAJT} (Tables 1, 2).

H9E A EE 55
A7) AA| 2473 (100%)2.E 7}
A goton, ozt YolE AAIskL = A7) 23
7 95.8%), AEE W= A D771 154
(62.5%), FA7Y] B JEE AFs A7 12

o

Table 4, Inclusion Criteria of Included Clinical Trials

=

oVdE AHata igiek o] 9 YAl B

B BA Q4 TPs Aol 9 A
J

(509%)2=2 AW
2E A3}
A7 T AT 99 AHS-S WAIE A7) 104
(41.6%)°193L, A7) BAIR] BllE TBA] (Tanner stage)
oA 47 DA ol &= A BHE A
9 (37.5%) U IF AREZ17F AR HiY 29
Al o) de] RS 2R A7) s o= ARk o)
oo™, By 394 o] & HAIG A7} 27, BiY
4THA o) BAIRE A9k, A7 o] xRl B 15
A Edpshe A7 7 1S AAstar Aok =3
A 5T SANEO B Al el Aufgt o]H
< 7 tPgAES 2R A7 57 (20.8%) S
1, I 71F oY Al 7R tidAE 2R A
T7F 37 (12.5%), FAAke] Aol 54 9 AR
AT AL fle-S 7IE 0= A A} o]
A 90¥ ko] AT W3} S WAG A7 7
271 (8.3%) EABFAT} (Table 4).

AFNVEAL AL7EeEE, o S tidk a3t
A A wEHATE A8 o e HE ok AR

AL |
S HAIZ A7) 2274 91.6%) 2= 7P Bkt 5

[o T

X od

Inclusion criteria Number Percentage Detail
(%)
-BMI = 95th percentile
BMI(meets diagnostic criteria for obesity) 24 100
-BMI SDS > + 2.0

Age 23 95.8
Informed consents 15 62.5
Gender 12 50 All studies included both male and female
Negative pregnancy tests and adequate anticonception 10 41.6
Pubertal stage 9 37.5

Tanner stage > 4 1 4.1

Tanner stage = 3 2 83

Tanner stage = 2 5 20.8

Tanner stage = 1 1 4.1
Failed to lose sufficient weight with past lifestyle modification 5 20.8
Body weight 3 12.5
Language ability 2 8.3 Communicate, read, and understand with investigators
Stable body weight 2 83 During previous 90 days
Other

Willingness of one parent to participate in weekly family-based . .

weight control treatment 4.1 If one parent is obese or overweight

Able to swallow a tablet, Successfully completed a prior lifestyle intervention . 41

without a gain, children with strong stomach and weak spleen

Blood pressure, Heart rate . 41 Average systolic blood pressure < 130 mmHg, diastolic

blood pressure < 85 mmHg, Heart rate < 95

Abbreviations: BMI: Body mass index, SDS: Standard deviation scores
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o} ZH|Zo|=AIZF 2 97, 3l
Lol A8}l E A (Monoamine oxidase, MAQ) A A7}
67, @ - oFzol] 47, A, FAA, A
AA 7} 2F 1730] Aol EaEH BE 9]

AV ASAE 84, B

Fow =g %%’ Z-/]Eié"’] J,].lj-fng.?g-ng} z
A HH FolS AFGe AF7} 207 (83. 3%)——%
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=
o gom, g
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i A Ag 5 =4S
(70.8%)°1%T}. =& o214

97 (79.1%), FA BTk 5
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Table 5, Exclusion Criteria of Included Clinical Trials

oﬁ

19), A
7R

ZA}O.

FHof QAT (Table 5).

S0} g A3 2 S48 7R
7k 3 715 Aolet

7497} 1274 (50%)
=, E}% %":}?i—?ﬂl H

AR

Exclusion criteria Number Percentage Exclusion criteria Number Percentage
(%) (%)
Recent medication treatment 22 91.6  Liver disease or symptom 12 50
- Anti-obesity medications 16 6.6 - Abnormal AST, ALT levels 7 2.1
(weight loss, affecting appetite) (at least ALT or AST > 2.5 times ULN)
- Antidepressants, Steroid 9 37.5 - Liver dysfunction 3 12.5
- Sympathomimetic Stimulant 8 33.3 - Hepatitis B or C 2 8.3
- MAO inhibitor 6 25 Suicide attempt 9 37.5
- Diabetes Medications 4 16.6  Recently participated in other clinical trials 8 33.3
- AntiC(')nvulsant, Antibiotics, Neuromuscular 1 41 Cholelithiasis, Glaucoma 7 2.1
blocking agents
Psychiatric disorder 20 833 Neurological system 7 29.1
(major depression, anxiety, etc.) - Epilepsy, seizure 4 16.6
Diabetes mellitus 19 79.1  Judgement of physicians, Gastrointestinal disease 6 25
Previous bariatric surgery 17 70.8  Family history 6 25
- Multiple endocrine neoplasia type 2 or familial 4 166
- Gastric or small intestine resection 5 20.8 medullary thyroid carcinoma
- Sudden death 2 83
Renal disease or symptom 17 70.8  Eating disorder 6 25
- Elevated Creatinine levels
(at least Creatinine > 1.2 mg/dL) / 21 - Bulimia. nervosa 4 166
- Renal lithiasis 4 16.6 )
- - Anorexia nervosa 1 41
- Renal dysfunction 3 12.5
Secondary obesity 16 66.6  Refusal to use contraception, Smoking 5 20.8
Thyroid disorder 16 66.6  MRI exclusion criteria 4 16.6
- Hypo-/Hyperthyroidism 10 41.6 - Cardiac pacermaker 4 16.6
- Elevated calcitonin levels 1 4.1 - Claustrophobia 1 4.1
Cancer, Pulmo disease, Pancreatitis, Severe
Pregnancy or lactation 14 58.3 acute/chronic dln:ry cases, Substance abuse 4 16.6
Drug allergy 3 s4.1 Ianguage difficulties, immature mental or not 3 125
willing to comply
Cardiovascular disease or symptom 13 54.1  Other
- Arrhythmia 8 33.3 - Weight loss more than 5 kg over 3 months, Severe 83
- Hypertension 7 29.1 vitamin D insufficiency, HIV positive, Infection ’
- Congenital heart disease 5 20.8 - Anemia, Cognitive disorder, Endocrine system
- Tachycardi 2B i conniing e, Unioneed by e i
- Abnormal ECG 1 4.1 National health Insurance system

Abbreviations: AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, etc: Et cetera, HIV: Human immunodeficiency virus, ECG:
Electrocardiogram, MAO: Monoamine oxidase inhibitor, ULN: Upper limit of normal
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3) ALA R

T8 AR EEE= BMI TAE Bag A77F 194
(79.19%) 0.2 7V w3tom, Alss Rug A7t 31
(125%) EA8I] F WAZ gk ol9] 2%
(Height), FSt, F2hgo] WAst Ap, AR 2 BE5
A, Ad HE 2], G B 7], 5E-gio]
£ Y& (Waist-to-hip ratio)©] ZF 17 (4.19%)2] AT
oA FEe] BFE Adshs T8 AAAERE AFH
o] Atk T8 AAAEE SAT= AFoEE A

B2 JolshAl Uehg=H, BMIT A Bavt §le
121% ARt 1871 (75%)°014 85l 1005 Aol 9]
=i ;%AIX& RHuska Atk 5 o o/ &
MI S A7) 87 (44.4%) (247 371, 67N4E 4
, 285 {)_E 7P W%, 19§ BMIE SA%H
TE 570 27.7%) 2% F HAE B3kth 330004 B
2 ﬂl%‘—A SAANALE 25 Adolste 8, 12, 1,

T2 YERATH (Table 6).
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Table 6. Primary Outcome Measures of Included Clinical Trials

Outcome Number " ccome meremen: | Nomber T
8 weeks 1 4.1
12 weeks 2 8.3
24 weeks 3 12,5
6 month (=26 weeks) 4 16.6
28 weeks
BMI 36 weeks
1 4.1
(BMLSDS (4) 19 79.1 9 months
BMI Z-score (1)) 48 weeks
52 weeks (=1 year) 5 20.8
56 weeks 2
58 weeks
100 weeks 1 4.1
NR
8 weeks
Body weight 3 12,5 12 weeks 1 4.1
1 year
2 year
Other
Height 12 weeks 1 4.1
Systolic and diastolic blood pressure 52 weeks 1 4.1
Number of treatment emergent adverse events 1, 2, 3, 4, 5, 6 weeks 1 4.1
Total body fat, Visceral fat, Lipids, LDL, Glucose, Insulin, 26 weeks | 41
HbAlc, CRP 52 weeks
Fat mass 81 \;les 1 4.1
Lean mass 1 4.1 8 weeks 1 41
Apparent Clearance (CL/F)
Apparent Volume of Distribution (Vc/F) 2 weeks
Area Under the Curve (AUQ) 4 weeks ! A1
Maximum Concentration (Cmax) 8 wecks
Plasma pharmacokinetics profile, Primary metabolites (M1 and M5) L 23’) 35” Z; ja:,lsours 1 4.1
Waist to hip ratio NR 1 4.1

Abbreviations: BMI: Body mass index, CRP: C-reactive protein, SDS: Standard deviation scores, Hb: Hemoglobin, LDL: Low-density lipoprotein, NR: Not reported



ro

ojzxt AR mZ= X #H FX7} 1171 45.8%)

AR

o 1% SAAY (Triglyceride)©] 77102 71 o]

o] ATelM RaEe] g Be 5

ik

B,

Z}A| 8}

Y ~HE (High-density Lipoprotein,

HDL)°] 671 A} g9 T FX= 971 (37.5%) 2

2 oAt AIAE T F

B 5 FolMs 85 I=do| s7io=E 7 7
3324 (HbAle), &Ed A3AS YeE= A&

AR

HA 2 o] HarEflom Al

ol—l

Homeostasis model assessment-estimated insulin resist-
ance (HOMA-IR)¥ FEIZELTY (Fasting plasma
glucose)©] 2 37148 AT o] £]¢] o]z} AFA|EZ
= ARG, AAF 5o AP 73 €4 67D,
28 53, 71ek AEA A (54,
@7t A3, 9 Edok L7 vlE olde] BMI 2
A5 UER Foizt v1E-S A AT ZF 404

2k 4 AT (Table 7).

Table 7. Secondary Outcome Measures of Included Clinical Trials

olgt 2A — WHO ICTRP

= =
E?Sé!

o= - 71

T, a2

P P
Outcome Number o8¢ Outcome Number o8
(%) (%)
Lipid Parameters 11 45.8 Anthropometrics 4 16.6
~Waist circumf 16.6
“Triglycerides 7 29.1 e ———
-Waist to hip ratio, Sagittal abdominal diameter 5 83
AD; ’
-HDL 6 25 (SAD)
Weight Loss 4
JIDL 4 16.6 -Percentage of subjects achieving >
5% BMI reduction 3 125
-Total cholesterol, High sensitivity CRP 3 125 -Percentage of subjects achieving = ’
(Hs-CRP) ’ 10% BMI reduction
Free farty acids 1 41 —Percegtage of subjects achieving >15% BMI 1 41
reduction
Glycemic parameters 9 37.5 Pharmacokinetics 3 12.5
-Glucose 5 20.8
; -Area under the curve (AUC) 3 12,5
-HbAlc, HOMA-IR, Fasting plasma glucose 3 12,5
-Insulin, Fasting insulin, Whole Body Insulin 3 125 -Ctrough (trough drug concentration), Half time
Sensitivity Index (WBISI) (¢4), Clearance (CL/F), volume of distribution 1 41
-Glucagon 1 4.1 (V/F)
Body composition 7 29.1 Hormones 2 8.3
-Fat mass 2 -FSH, LH, Testosteron and estradiol, 1 41
Lean mass 1 41 gastrointestinal hormones '
Blood pressure 6 25 Subjective sensations of appetite 2 83
Adverse Events 5 20.8 VAS 1 4.1
-Number of treatment emergent adverse events
(TEAEs), Number of participants with serious 1 4.1 -Hunger, Satiety scores 1 4.1
Adverse Events (SAEs)
Questionnaires 4 16.6 Other
. . . -ALT 4 16.6
-Quality of Life, Food Frequency questionnaire -
(FFQ), Regular meals questionnaire, Portion Size 2 83 -Creatinine, Gamrma Gut@l T@sfe@e, Iafmte 2 83
questionnaire, Physical Activity questionnaire Dehydrogenase (LDH), Bilirubin, Uric acid
-AST, IGF-1, SHBG, Lactate, Cobalamin, Hb,
C-peptide, Na, K, Apolipoproteins, Cystatin
-Sleeping habits questionnaire, Self-efficacy and 1 41 C/GFR, Incidence of liraglutide antibody 1 4.1

outcome expectations questionnaire

-Height, Body weight, Tanner stage, Heart rate,
Pulse, Body temperature, ECG, Eating Behaviour

Abbreviations: ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, BMI: Body mass index, CRP: C-reactive protein, ECG:
Electrocardiogram, FSH: Follicle-stimulating hormone, GFR: Glomerular filtration rate, Hb: Hemoglobin, HDL: High-density lipoprotein, HOMA-IR:

Homeostasis model assessment-estimated insulin resistance, IGF-1: Insulin-like Growth Factor 1, LDL: Low-density lipoprotein, LH: Luteinizing
hormone, SHBG: Sex hormone binding globulin, VAS: Visual analogue scale.
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IV. Discussion
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