
Integrative Medicine Research 11 (2022) 100832 

Contents lists available at ScienceDirect 

Integrative Medicine Research 

journal homepage: www.elsevier.com/locate/imr 

Review Article 

Comparative effectiveness of East Asian traditional medicine for 

treatment of idiopathic short stature in children: Systematic review 

and network meta-analysis 

Boram Lee 

a , 1 , ∗, Chan-Young Kwon 

b , 1 , Soobin Jang 

c 

a KM Science Research Division, Korea Institute of Oriental Medicine, Daejeon, South Korea 
b Department of Oriental Neuropsychiatry, Dong-eui University College of Korean Medicine, Busan, South Korea 
c Department of Preventive Medicine, College of Korean Medicine, Daegu Haany University, Gyeongsan, South Korea 

a r t i c l e i n f o 

Article history: 

Received 15 May 2021 

Revised 1 December 2021 

Accepted 3 January 2022 

Available online 5 January 2022 

Keywords: 

Idiopathic short stature 

East Asian traditional medicine 

Network meta-analysis 

Systematic review 

a b s t r a c t 

Background: Idiopathic short stature (ISS) is a common problem in children and causes many economic 

and social burdens. In Asian countries, East Asian traditional medicine (EATM) therapies are widely used 

for children with ISS. In this study, we compared and ranked various EATM therapies for the treatment 

of pediatric ISS using network meta-analysis. 

Methods: Randomized controlled trials that evaluated various EATMs for pediatric ISS were found 

through searching 14 electronic databases. The primary outcome was growth velocity (GV). The com- 

parative effectiveness of the treatments was ranked based on the surface under the cumulative ranking 

curve (SUCRA) and the risk of bias was assessed. The quality of evidence was assessed using the Grading 

of Recommendations, Assessment, Development, and Evaluations approach. 

Results: Fourteen studies comprising 1,066 participants were included. HM plus GH showed statisti- 

cally significant superiority over other EATM therapies including acupuncture (weighted mean difference 

(WMD) 3.20 cm, 95% confidence interval (CI) 0.40 to 5.99) and HM (WMD 3.70 cm, 95% CI 1.41 to 5.99) 

for improving GV per year, although there was no difference compared with GH alone (WMD 1.18 cm, 

95% CI -0.27 to 2.63). SUCRA indicated that HM plus GH was the most effective therapy for increasing 

GV, followed by GH, HM plus acupressure, and HM. No serious adverse events were reported. 

Conclusion: For the treatment of ISS, HM plus GH might have a large beneficial effect and might be 

a better option than EATM therapies and GH alone. However, more long-term, high-quality trials are 

warranted to confirm the findings. 

Protocol registration: PROSPERO ( https://www.crd.york.ac.uk/prospero/ ), CRD42020187160. 

© 2022 Korea Institute of Oriental Medicine. Published by Elsevier B.V. 

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

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

Idiopathic short stature (ISS) is a condition in which the in- 

ividual’s height is two standard deviations or more below the 

orresponding average height for a given age, sex, and population 

roup, in the absence of any systemic, endocrine, nutritional, or 

hromosomal abnormality. 1 In children with short stature, a num- 

er of potential causes, such as true growth hormone (GH) defi- 

iency and Turner syndrome, must be considered. If these condi- 
∗ Corresponding author at: KM Science Research Division, Korea Institute of Ori- 

ntal Medicine, 1672 Yuseong-daero, Yuseong-gu, Daejeon 34054, South Korea. 

E-mail address: qhfka9357@naver.com (B. Lee). 
1 These authors contributed equally to this work as co-first authors. 
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ions are not identified as the underlying cause, ISS can be diag- 

osed. Approximately 80% of children with short stature are es- 

imated to have ISS. 2 Recombinant human GH was approved for 

SS treatment by the US Food and Drug Administration in 2003 3 ; 

owever, it requires daily parenteral administration and is expen- 

ive because it is not covered by health insurance in most coun- 

ries. 4–6 Although other therapeutic alternatives such as aromatase 

nhibitors, metformin, and insulin-like growth factor-1 (IGF-1) have 

een employed for the treatment of ISS, there is no gold standard 

reatment thus far and the management of ISS remains controver- 

ial. 7 

East Asian traditional medicines (EATMs) including acupunc- 

ure, moxibustion, herbal medicine (HM), and qigong have been 

idely used for the treatment and prevention of various diseases 
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or thousands of years and are regarded as proper complementary 

nd alternative medicines worldwide. Even among children that 

row up in similar environments, Asian children may be smaller 

han Caucasian children. 8 This has led parents in many Asian coun- 

ries including Korea to use EATM treatments for their children’s 

rowth. According to a retrospective study in 2016, growth disor- 

er was the most common chief complaint among children and 

dolescents who visited the department of Korean Pediatrics in a 

orean Medicine Hospital. 9 Several pre-clinical and clinical stud- 

es have indicated that EATM therapies have potential benefits for 

he treatment of ISS. 10–12 However, comparative studies on the ef- 

ectiveness of EATM therapies have not been conducted thus far 

nd the lack of evidence from direct comparisons between EATMs 

akes it difficult for clinicians to find the most effective therapies 

n clinical settings. Further, the lack of analysis regarding the com- 

arative effectiveness and safety of these therapies makes it diffi- 

ult to compare the advantages of different EATM therapies, which 

resents an obstacle for the efficient distribution of medical re- 

ources. 

Network meta-analysis (NMA) is a method for assessing the 

omparative effectiveness of multiple treatment strategies by eval- 

ating direct and indirect evidence. 13 In addition, it can provide 

he ranks of various treatment modalities according to their effec- 

iveness, which can be useful for decision making in clinical set- 

ings 13 as well as for healthcare policy makers. 14 Therefore, this 

tudy aimed to summarize and evaluate the comparative effective- 

ess and safety of EATM therapies for ISS treatment in children 

hrough a systematic review and NMA. 

. Methods 

The protocol for this study has been registered on the Inter- 

ational Prospective Register of Systematic Reviews (PROSPERO, 

egistration number: CRD42020187160) and Open Science Frame- 

ork (OSF, URL: https://osf.io/s4vp7 ) Registries. We reported the 

tudy according to the Preferred Reporting Items for Systematic Re- 

iew and Meta-Analysis (PRISMA) extension statement incorporat- 

ng NMAs for healthcare interventions. 15 

.1. Eligibility criteria 

We included only the studies that met the following study de- 

ign, participant, treatment, and control intervention criteria. 

1) Type of study design: parallel-design randomized controlled tri- 

als (RCTs). 

2) Type of participant: children with ISS (a height more than two 

standard deviations below the corresponding average height for 

a given age, sex, and population) without other diseases that 

can cause short stature such as GH deficiency, regardless of sex 

or race. 

3) Type of treatment intervention: EATM therapies including 

acupuncture, HM, moxibustion, cupping therapy, qigong, Tai 

Chi, pharmacopuncture, bee venom, chuna, meditation, a com- 

bination of these therapies, and a combination of interventions 

in the treatment and control groups (ex. HM plus GH as treat- 

ment interventions). 

4) Type of control intervention: placebo, no medical treatment 

(lifestyle guidance such as exercise and sleep guidance), EATM 

therapies, or conventional treatment (such as GH). For com- 

bination therapy groups, there were no limits on the number 

of combined interventions used for the treatment and control 

groups since multiple interventions are used in actual clinical 

settings. 

5) Type of outcome measures: The primary outcome measure was 

growth velocity (GV) (rate of change in height) during the 
2 
follow-up period. We determined our primary outcome as GV 

under the consensus of researchers and experts because it is 

a more sensitive measure of growth than time-specific height 

measures. 16 

The secondary outcome measures were (1) other growth- 

elated anthropometric indicators post-treatment such as height, 

redicted adult height (PAH), and height standard deviation score 

HtSDS); (2) growth-related hormones post-treatment such as GH, 

GF-1, and insulin-like growth factor binding protein-3 (IGFBP-3); 

3) acceptability of the intervention measured through drop-outs 

hat occurred during treatment for any reason; (4) drop-outs that 

ccurred during treatment because of any adverse events; and (5) 

he incidence of adverse events. We included the most compre- 

ensive report if duplicates of the same study were published in 

ore than one journal. The detailed criteria were described in our 

reviously published research protocol paper. 17 

.2. Data sources and search strategy 

A comprehensive literature search was carried out in the fol- 

owing 14 databases by one researcher (B Lee): Medline via 

ubMed, EMBASE from Elsevier, the Cochrane Central Register 

f Controlled Trials, the Allied and Complementary Medicine 

atabase via EBSCO, the Cumulative Index to Nursing and Al- 

ied Health Literature via EBSCO, the Oriental Medicine Advanced 

earching Integrated System, the Korean studies Information Ser- 

ice System, the Research Information Service System, the Korean 

edical Database, the Korea Citation Index, the China National 

nowledge Infrastructure, Wanfang data, VIP, and CiNii, from their 

nception up to August 4, 2020. We also searched the reference 

ists of included studies and relevant review articles, as well as 

rial registries such as Clinicaltrials.gov to identify not only the ar- 

icles published in journals but also “gray literature”. Furthermore, 

e consulted experts in pediatrics in Korean medicine to collect as 

uch relevant literature as possible. No language restrictions were 

mposed. Detailed search strategies are described in Supplemen- 

ary file 1. 

.3. Study selection and data extraction 

Two researchers (B Lee and CY Kwon) independently conducted 

he study selection and data extraction process and disagreements 

etween them were resolved through discussions with another re- 

earcher (S Jang). 

Using EndNote X8 (Clarivate Analytics, Philadelphia, USA), du- 

licate papers found in each database and other sources were re- 

oved. The eligible literature was initially selected through a re- 

iew of the title and abstract and final inclusion was determined 

hrough a full text review. 

For the included studies, the following information was ex- 

racted using Excel 2016 (Microsoft, Redmond, USA): basic study 

haracteristics (first author’s name, year of publication, country, 

nd sample size), details about the participants, interventions, 

omparators, and outcome measures, adverse events, and informa- 

ion for assessing the risk of bias of the study. We contacted the 

orresponding authors for the included studies via e-mail to re- 

uest additional information if the data were insufficient or am- 

iguous. 

.4. Risk of bias assessment 

Two researchers (B Lee and CY Kwon) independently assessed 

he risk of bias of the included studies using the Cochrane Col- 

aboration’s risk of bias 2 tool 18 and discrepancies were resolved 

https://osf.io/s4vp7
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hrough discussions with another researcher (S Jang). The tool in- 

luded the following items: bias arising from the randomization 

rocess, bias due to deviations from the intended interventions (ef- 

ect of assignment to intervention, and effect of starting and adher- 

ng to intervention), bias due to missing outcome data, bias in the 

easurement of the outcome, and bias in the selection of the re- 

orted result. Additionally, overall bias was determined based on 

he results of the items. Each item was rated as “low risk,” “some 

oncerns,” or “high risk.”

.5. Data analysis 

For all included studies, descriptive analyses of the details 

f the participants, interventions, comparators, and outcomes 

ere performed. Firstly, pairwise meta-analysis for direct com- 

arisons was conducted using Review Manager version 5.4 soft- 

are (Cochrane, London, UK) for studies that were clinically ho- 

ogeneous due to using the same types of interventions, com- 

arators, and outcome measures. Continuous variables were ana- 

yzed using the weighted mean difference (WMD) with 95% confi- 

ence interval (CI), while dichotomous variables were analyzed us- 

ng the risk ratio (RR) with 95% CI. In the pairwise meta-analyses, a 

andom-effects model was used when the heterogeneity was sig- 

ificant ( I 2 values ≥ 50%), taking into account variations in trial 

esign, although this is not a remedy for clinical heterogeneity. 19 

 fixed-effects model was used when the heterogeneity was non- 

ignificant. 

Afterward, we conducted a random-effect NMA based on the 

requentist model, using Stata/MP software version 16 (StataCorp 

LC, Texas, USA). For each outcome measure, we presented the 

umbers and interrelations of the interventions using a network 

ap. After testing for clinical similarity, transitivity, and consis- 

ency, the effect size was determined through a network league ta- 

le. First of all, we performed NMA for various EATM therapies by 

rouping them into intervention types such as HM and acupunc- 

ure. Additionally, to resolve the problem of heterogeneity caused 

y variations in HM evaluated in different trials, NMA was addi- 

ionally performed to compare the effect size of each individual 

M used when HM was used as monotherapy or add-on to GH for 

he primary outcome. We did not conduct NMA when there were 

o closed loops in the network or when few studies were included 

n the network, as transitivity and consistency can only be exam- 

ned empirically in networks with closed loops. For the primary 

utcome measures, we ranked interventions based on their surface 

nder the cumulative ranking curve (SUCRA) to identify the best 

reatment. However, since the comparison between control groups 

s out of the scope of this study, the clinical relevance is not dis- 

ussed. For example, this study cannot provide reliable evidence 

or the comparative effect between GH and no medical treatment 

two control interventions). 

.6. Quality of evidence 

The quality of evidence regarding effect estimates derived for 

ur outcomes of interest was assessed using the Grading of Recom- 

endations, Assessment, Development, and Evaluations (GRADE) 

pproach. 20 For the direct comparison (pairwise meta-analysis), 

he risk of bias, indirectness, inconsistency, imprecision, and pub- 

ication bias were evaluated. For the indirect comparison, we con- 

idered the lowest ratings of the two direct comparisons forming 

he most dominant first-order loop, and intransitivity. The higher 

ating of the direct or indirect estimates was determined as the 

uality of evidence for NMA and was presented as “high”, “mod- 

rate”, “low”, and “very low”. Furthermore, we drew conclusions 

onsidering the estimates of effect, quality of evidence, and treat- 
3 
ent rankings (SUCRA) using the GRADE partially contextualized 

ramework. 21 

. Results 

.1. Study selection and study characteristics 

A total of 1870 studies were found through the database search 

nd no additional studies were identified through other sources. 

fter removing duplicates, the title and abstract of 1695 studies 

ere screened and 1665 studies were excluded. The full texts of 

he remaining 30 studies were assessed for eligibility and 14 stud- 

es 22–35 comprising 10 6 6 participants were included in the final 

nalysis after excluding three studies not related to ISS, five review 

rticles, two non-RCTs, four case series, one article containing du- 

licate data, and one for which only the abstract was available. One 

f the articles 22 presented the results by age; thus, it was not in- 

luded in the meta-analysis and only descriptive analysis was con- 

ucted ( Fig. 1 ). 

All of the included studies were published in China and con- 

isted of 11 two-arm studies, two three-arm studies, 32 , 35 and one 

our-arm study. 25 A total of 10 treatment or control interven- 

ions were reported: GH, HM, acupuncture, acupressure, nutritional 

upplement, HM plus GH, HM plus acupuncture, HM plus acu- 

ressure, HM plus nutritional supplement, and no medical treat- 

ent. Only two articles 26 , 31 reported approval by the institu- 

ional review board before the start of the study, and 11 arti- 

les 23 , 24 , 26–30 , 32–35 stated that consent was obtained from the par- 

icipants. Pattern identification was used in seven studies, of which 

ne targeted spleen deficiency, 29 five targeted spleen or kidney de- 

ciency. 25 , 26 , 30 , 32 , 34 and one targeted yin deficiency with effulgent 

re. 35 None of the included studies reported drop-outs for any rea- 

on during the study period. The detailed study characteristics are 

escribed in Table 1 . 

HM was used as part of the intervention in all studies. Different 

M prescriptions were used in two studies 25 , 30 based on pattern 

dentification for the participants and modified basic HM prescrip- 

ions were used in two studies 22 , 34 according to the specific symp- 

oms of the participants. As for the HM dosage type, decoctions 

ere used in most of the studies, granules in five studies, 28 , 29 , 31–33 

nd pills in one study. 35 The duration of HM administration was 

ver 6 months, and 6 and 12 months were the most frequent 

urations, with seven and six studies each. In the included stud- 

es, 55 herbs were used in total. Among them, Poria Sclerotium 

as the most commonly used (16 times), followed by Glycyrrhizae 

adix et Rhizoma (13 times), Atractylodis Rhizoma Alba (13 times), 

ioscoreae Rhizoma (11 times), Corni Fructus (8 times), Citri Unshius 

ericarpium (8 times), and Pseudostellariae Radix (7 times) ( Table 2 ). 

NMA was only possible for the outcomes of GV per year and 

 months, 1-year post-treatment height, and bone age change af- 

er 6 months of treatment. Therefore, only pairwise meta-analysis 

as performed for other variables because the transitivity and con- 

istency in the networks could not be examined. Fig. 2 shows 

he network map for the interventions belonging to each NMA. 

ine studies 23–25 , 28 , 29 , 31 , 32 , 34 , 35 including 9 interventions (HM, 

H, acupuncture, acupressure, nutritional supplement, no medi- 

al treatment, HM plus nutritional supplement, HM plus GH, and 

M plus acupressure) were included in the network map of GV 

er year. Six studies including 6 interventions (HM, GH, nutri- 

ional supplement, no medical treatment, HM plus GH, and HM 

lus acupressure) were included in the network maps of GV per 6 

onths 23 , 24 , 26–28 , 31 and 1-year post-treatment height, 23 , 24 , 27–29 , 34 

espectively. Additionally, 6 studies 23 , 25 , 26 , 30–32 including 6 inter- 

entions (HM, GH, acupuncture, acupressure, no medical treat- 

ent, and HM plus GH) were included in the network map of bone 

ge change after 6 months of treatment. 
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Table 1 

Characteristics of included studies. 

Study ID Sample size Mean age (range) (yr) 

Sex 

(Male:Female) Study setting 

(A) Treatment 

intervention (B) Control intervention 

Treatment 

period / F/U 

post-treatment 

Outcome of interest 

reported 

Bi 2015 30:30 (A) 7.3 ± 1.8 (5–11) 

(B) 7.4 ± 1.7 (5–11) 

(A) 18:12 

(B) 17:13 

Department of Pediatric 

Endocrinology, TCM Hospital of 

Zhenhai District 

HM + Acupuncture Nutritional supplement 

(lysine, inositol, 

vitamin B12, and zinc 

for 3 mon) 

6 mon / 6 mon 1. GV 

2. BA change 

3. IGF-1 

4. IGFBP-3 

Cui 2016 28:25 6–13 NR Department of Pediatrics, Daqing 

TCM Hospital 

HM + rhGH rhGH 

0.15–0.18 IU/kg/d 

12 mon / none 1. GV 

2. Height 

3. BA change 

4. IGF-1 

5. IGFBP-3 

Du 2012 49:46 Male: 6–11, female: 6–10 (A) 27:22 

(B) 26:20 

Growth and Development Clinic, 

Second Affiliated Hospital of 

Shandong University of TCM 

HM + Acupressure rhGH 0.12 U/kg/d 12 mon / none 1. GV 

2. Height 

3. BA change 

Feng 2014 

20:20:20:20 

3–13 44:36 Growth and development clinic, 

Shandong Jinan Children’s 

Hospital 

(A1) HM 

(A2) Acupressure 

(A3) Acupuncture 

No medical treatment 6 mon / none 1. GV 

2. HtSDS 

3. GV change 

4. HtSDS change 

5. BA change 

6. peak GH 

7. IGF-1 

Jiang 2020 39:39 (A) 8.03 ± 1.46 (6–14) 

(B) 8.33 ± 1.22 (5–14) 

(A) 23:16 

(B) 20:19 

Department of Endocrinology and 

Pediatrics, Shanggao People’s 

Hospital 

HM + rhGH rhGH 0.15 IU/kg/d 6 mon / none 1. GV 

2. GV change 

3. BA change 

4. IGF-1 

5. IGFBP-3 

Li 2013 35:35 Male: 6–11, female: 6–10 NR Children’s Hospital of Kaifeng City HM + Acupressure No medical treatment 12 mon / none 1. GV 

2. Height 

Sun 2017a 20:20 (A) 5.37 ± 1.22 

(3.47–6.50) 

(B) 5.09 ± 1.54 (3.43–6.74) 

(A) 13:7 

(B) 9:11 

Department of TCM, Zhengzhou 

Children’s Hospital 

HM No medical treatment 12 mon / none 1. GV 

2. Height 

3. HtSDS 

4. PAH 

5. IGF-1 

6. peak GH 

Sun 2017b 28:28 (A) 5.54 ± 1.02 

(3.33–6.67) 

(B) 5.35 ± 1.13 (3.0–6.83) 

(A) 20:8 

(B) 21:7 

Zhengzhou Children’s Hospital HM Nutritional supplement 

(Lysine Vitamin B12 

granules, 5 g/time, bid) 

12 mon / none 1. GV 

2. Height 

3. HtSDS 

4. PAH 

5. IGF-1 

6. peak GH 

( continued on next page ) 
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Table 1 ( continued ) 

Study ID Sample size Mean age (range) (yr) Sex 

(Male:Female) 

Study setting (A) Treatment 

intervention 

(B) Control intervention Treatment 

period / F/U 

post-treatment 

Outcome of interest 

reported 

Tian 2017 35:45 (A) 6.50 ± 1.07 

(B) 6.45 ± 1.09 

(A) 20:15 

(B) 25:20 

(1) Department of child health or 

growth and development, Foshan 

Nanhai district maternal and child 

health hospital 

(2) Department of pediatric 

endocrinology, Foshan first 

people’s hospital 

HM + rhGH rhGH 0.15 IU/kg/d 6 mon / none 1. GV 

2. GV change 

3. HtSDS change 

4. IGF-1 change 

5. IGFBP-3 change 

6. BA 

7. BA change 

Wang 2020 20:20 (A) 7.63 ± 2.01 (4–10) 

(B) 7.74 ± 1.91 (5–10) 

(A) 12:8 

(B) 10:10 

Department of Pediatrics, Fenghua 

District TCM Hospital 

HM No medical treatment 12 mon / none 1. GV 

2. BA change 

3. IGF-1 

4. IGFBP-3 

5. serum GH 

Xu 2015 30:30:30 (A) 7.98 ± 1.89 (5–11) 

(B1) 8.03 ± 1.71 (6–12) 

(B2) 6.78 ± 1.44 (4–9) 

(A) 18:12 

(B1) 17:13 

(B2) 16:14 

Department of Pediatric Growth 

and Development, Jiangsu 

Provincial Hospital of TCM 

HM (B1) rhGH 0.15 U/kg/d 

(B2) No medical 

treatment 

6 mon / none 1. GV 

2. HtSDS 

3. HtSDS change 

4. PAH 

5. PAH change 

6. BA 

7. BA change 

Ye 2015 53:53 (A) 3.5–14 

(B) 3.67–14 

(A) 33:20 

(B) 31:22 

Department of Pediatric Growth 

and Development, Jiangsu 

Provincial Hospital of TCM 

HM HM 6 mon / none 1. GV 

2. HtSDS 

3. PAH change 

Zhang 

2017 

30:30 (A) 10.26 ± 2.62 (4.8–17) 

(B) 10.75 ± 2.78 (6.2–14.4) 

(A) 18:12 

(B) 14:16 

Pediatric Endocrine Clinic, 

Tianjin Nankai hospital 

HM + rhGH rhGH 0.15 U/kg/d 12 mon / none 1. GV 

2. Height 

3. IGF-1 

Zhou 2012 53:53:52 (A1) 8.56 ± 0.12 

(A2) 8.45 ± 0.34 

(B) 8.52 ± 0.36 

(A1) 0:53 

(A2) 0:53 

(B) 0:52 

Department of Endocrinology, 

Zhuji Hospital of TCM 

(A1) 

HM + Nutritional 

supplement 

(Lysine) 

(A2) HM 

Nutritional supplement 

(Lysine 15 ml every 

night) 

6 mon / none 1. GV 

2. HtSDS change 

3. Height 

4. PAH change 

5. IGF-1 

Abbreviations: BA, bone age; F/U, follow up; GH, growth hormone; GV, growth velocity; HM, herbal medicine; HtSDS, height standard deviation score; IGF-1, insulin-like growth factor 1; IGFBP-3, insulin-like growth factor 

binding protein 3; NR, not recorded; rhGH, recombinant human growth hormone; PAH, predicted adult height; TCM, traditional Chinese medicine. 
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Table 2 

Details of herbal medicine used in included studies. 

Study ID Name of herbal medicine Dosage form 

Administration 

duration Composition and dose of individual herb (per day) Modifying components 

Bi 2015 Xiaojilipi-fang Decoction 6 mon Agastachis Herba 6 g, Atractylodis Rhizoma 6 g, Citri Unshius Pericarpium 6 g, 

Magnoliae Cortex 6 g, Galli Gigeriae Endothelium Corneum 6 g, Pseudostellariae Radix 

6 g, Crataegi Fructus 10 g, Oryzae Fructus Germinatus 10 g, Poria Sclerotium 10 g, 

Dioscoreae Rhizoma 10 g, Picrorhizae Rhizoma 3 g 

-Constipation: Trichosanthis 

Semen, Raphani Semen, 

Cistanchis Herba et al. 

-Diarrhea: remove Magnoliae 

Cortex, add Atractylodis Rhizoma 

Alba, Dolichoris Semen, 

Plantaginis Semen et al. 

-Yin deficiency with effulgent 

fire and tongue fur peeling: 

remove Magnoliae Cortex and 

Atractylodis Rhizoma, add 

Glehniae Radix, Trichosanthis 

Radix, Dendrobii Caulis et al. 

Cui 2016 Pixu-tang Decoction 12 mon Ginseng Radix, Glycyrrhizae Radix et Rhizoma, Citri Unshius Pericarpium, Atractylodis 

Rhizoma Alba, Poria Sclerotium, Dioscoreae Rhizoma, Atractylodis Rhizoma, Hordei 

Fructus Germinatus, Epimedii Herba 

–

Du 2012 Mianjian-keli Decoction 12 mon Poria Sclerotium 10 g, Dioscoreae Rhizoma 10 g, Atractylodis Rhizoma Alba 10 g, 

Pseudostellariae Radix 10 g, Citri Unshius Pericarpium 6 g, Adenophorae Radix 10 g, 

Polygonati Odorati Rhizoma 10 g, Lycii Fructus 10 g, Cuscutae Semen 6 g, Eucommiae 

Cortex 10 g, Rubi Fructus 10 g, Evodiae Fructus 10 g, Rehmanniae Radix Recens 10 g, 

Mori Ramulus 10 g, Zizyphi Semen 10 g, Glycyrrhizae Radix et Rhizoma 3 g 

–

Feng 2014 No name Decoction 6 mon -Spleen-stomach weakness: Astragali Radix, Ginseng Radix, Atractylodis Rhizoma Alba, 

Poria Sclerotium, Liriopis seu Ophiopogonis Tuber, Crataegi Fructus, Glycyrrhizae Radix 

et Rhizoma 

-Insufficiency of kidney qi: Curculiginis Rhizoma, Epimedii Herba, Morindae Radix, 

Testudinis Chinemis Plastrum et Carapax, Corni Fructus, Angelicae Gigantis Radix, 

Glycyrrhizae Radix et Rhizoma 

-Dual deficiency of spleen-kidney: Astragali Radix, Ginseng Radix, Atractylodis Rhizoma 

Alba, Poria Sclerotium, Liriopis seu Ophiopogonis Tuber, Crataegi Fructus, Glycyrrhizae 

Radix et Rhizoma, Curculiginis Rhizoma, Epimedii Herba, Corni Fructus, Polygoni 

Multiflori Radix, Alpiniae Fructus, Glycyrrhizae Radix et Rhizoma 

–

Jiang 2020 Modified Sijunzi-tang plus 

Bishendihuang-wan 

Decoction 6 mon Pseudostellariae Radix 10 g, Atractylodis Rhizoma Alba 10 g, Poria Sclerotium 10 g, 

Dioscoreae Rhizoma 10 g, Glycyrrhizae Radix et Rhizoma 3 g, Rehmanniae Radix 

Preparata 10 g, Corni Fructus 5 g, Eucommiae Cortex 10 g, Cervi Cornu Colla 5 g, 

Alismatis Rhizoma 5 g, Achyranthis Radix 5 g, Moutan Radicis Cortex 5 g 

–

Li 2013 Mianjian-keli Decoction 12 mon Poria Sclerotium 10 g, Dioscoreae Rhizoma 10 g, Atractylodis Rhizoma Alba 10 g, 

Pseudostellariae Radix 10 g, Citri Unshius Pericarpium 6 g, Adenophorae Radix 10 g, 

Polygonati Odorati Rhizoma 10 g, Lycii Fructus 10 g, Cuscutae Semen 6 g, Eucommiae 

Cortex 10 g, Rubi Fructus 10 g, Evodiae Fructus 10 g, Rehmanniae Radix Recens 10 g, 

Mori Ramulus 10 g, Zizyphi Semen 10 g, Glycyrrhizae Radix et Rhizoma 3 g 

–

Sun 2017a Buzhongzhuchang-keli Granule 12 mon Ginseng Radix, Atractylodis Rhizoma Alba, Poria Sclerotium, Citri Unshius Pericarpium, 

Cyperi Rhizoma, Curcumae Radix, Aucklandiae Radix, Galli Gigeriae Endothelium 

Corneum, Massa Medicata Fermentata, Crataegi Fructus et al. 

–

Sun 2017b Buzhongzhuchang-keli Granule 12 mon Ginseng Radix, Atractylodis Rhizoma Alba, Poria Sclerotium, Citri Unshius Pericarpium, 

Cyperi Rhizoma, Curcumae Radix, Aucklandiae Radix, Galli Gigeriae Endothelium 

Corneum, Massa Medicata Fermentata, Crataegi Fructus et al. 

–

( continued on next page ) 
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Table 2 ( continued ) 

Study ID Name of herbal medicine Dosage form Administration 

duration 

Composition and dose of individual herb (per day) Modifying components 

Tian 2017 -Spleen deficiency: Modified 

Sijunzi-tang 

-Kidney deficiency: Modified 

Bishendihuang-wan 

-Dual deficiency of spleen-kidney: 

Modified Sijunzi-tang plus 

Bishendihuang-wan 

Decoction 6 mon -Spleen deficiency: Pseudostellariae Radix 10 g, Astragali Radix 10 g, Atractylodis 

Rhizoma Alba 10 g, Poria Sclerotium 10 g, Glycyrrhizae Radix et Rhizoma 3 g 

-Kidney deficiency: Cervi Cornu Colla 5 g, Dioscoreae Rhizoma 10 g, Rehmanniae Radix 

Preparata 10 g, Corni Fructus 5 g, Eucommiae Cortex 10 g, Achyranthis Radix 5 g, Poria 

Sclerotium 10 g, Moutan Radicis Cortex 5 g, Alismatis Rhizoma 5 g 

-Dual deficiency of spleen-kidney: Pseudostellariae Radix 10 g, Atractylodis Rhizoma 

Alba 10 g, Poria Sclerotium 10 g, Dioscoreae Rhizoma 10 g, Glycyrrhizae Radix et 

Rhizoma 3 g, Rehmanniae Radix Preparata 10 g, Corni Fructus 5 g, Eucommiae Cortex 

10 g, Cervi Cornu Colla 5 g, Alismatis Rhizoma 5 g, Achyranthis Radix 5 g, Moutan 

Radicis Cortex 5 g 

–

Wang 2020 Modified Guizhi-tang Granule 12 mon Dioscoreae Rhizoma 15 g, Zizyphi Fructus 10 g, Cinnamomi Ramulus 6 g, Paeoniae Radix 

6 g, Corni Fructus 6 g, Zingiberis Rhizoma 3 g, Glycyrrhizae Radix et Rhizoma 3 g 

–

Xu 2015 Canguizhuchang-keli Granule 6 mon Codonopsis Pilosulae Radix 10 g, Testudinis Chinemis Plastrum et Carapax 10 g, 

Astragali Radix 10 g, Atractylodis Rhizoma Alba 10 g, Poria Sclerotium 10 g, Dioscoreae 

Rhizoma 10 g, Eucommiae Cortex 10 g, Citri Unshius Pericarpium 6 g, Glycyrrhizae 

Radix et Rhizoma 3 g 

–

Ye 2015 Canguizhuchang-keli Granule 6 mon Codonopsis Pilosulae Radix 10 g, Testudinis Chinemis Plastrum et Carapax 10 g, Astragali 

Radix 15 g, Atractylodis Rhizoma Alba 10 g, Poria Sclerotium 10 g, Morindae Radix 10 g 

–

Zhuangeryin oral liquid Oral liquid 6 mon Atractylodis Rhizoma, Crataegi Fructus, Astragali Radix, Codonopsis Pilosulae Radix, 

Cassiae Semen, Picrorhizae Rhizoma 

–

Zhang 2017 Yishenjianpi-zhongyao Decoction 12 mon Pseudostellariae Radix 10 g, Astragali Radix 10 g, Atractylodis Rhizoma Alba 10 g, 

Dioscoreae Rhizoma 10 g, Poria Sclerotium 10 g, Rehmanniae Radix Preparata 10 g, 

Testudinis Chinemis Plastrum et Carapax 10 g, Cervi Cornu Colla 5 g, Corni Fructus 10 g, 

Psoraleae Semen 10 g, Citri Unshius Pericarpium 5 g, Alismatis Rhizoma 5 g, 

Glycyrrhizae Radix et Rhizoma 3 g 

-Deficiency of liver blood: Lycii 

Fructus 10 g, Acanthopanacis 

Cortex 5 g, Loranthi Ramulus Et 

Folium 10 g 

-Deficiency of heart blood: 

Schisandrae Fructus 5 g, 

Polygalae Radix 10 g, Acori 

Graminei Rhizoma 5 g 

-liver depression and spleen 

deficiency: Bupleuri Radix 5 g, 

Meliae Fructus 5 g, Corydalis 

Tuber 5 g 

Zhou 2012 Zhibaidihuang-wan plus 

Dabuyin-wan 

Pill 6 mon -Zhibaidihuang-wan: Anemarrhenae Rhizoma, Phellodendri Cortex, Rehmanniae Radix 

Preparata, Corni Fructus, Moutan Radicis Cortex, Dioscoreae Rhizoma, Poria Sclerotium, 

Alismatis Rhizoma 

-Dabuyin-wan: Rehmanniae Radix Preparata, Anemarrhenae Rhizoma, Phellodendri 

Cortex, Pelodiscis Carapax, Pig’s spinal cord 

–
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Fig. 1. A PRISMA flow diagram of the literature screening and selection processes 

AMED, Allied and Complementary Medicine Database; CENTRAL, Cochrane Central Register of Controlled Trials; CINAHL, Cumulative Index to Nursing and Allied Health 

Literature; CNKI, China National Knowledge Infrastructure; ISS, Idiopathic Short Stature; KCI, Korea Citation Index; KISS, Korean Studies Information Service System; KMbase, 

Korean Medical Database; OASIS, Oriental Medicine Advanced Searching Integrated System; RISS, Research Information Service System. 
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.2. Risk of bias assessment 

None of the articles provided information on allocation conceal- 

ent and none had baseline imbalances that suggested a prob- 

em with the randomization process. Therefore, all articles were 

udged to have some concerns in the domain of bias arising from 

he randomization process. In all studies, there was no informa- 

ion on whether participants were aware of their assigned inter- 

ention during the trial and whether there were deviations from 
8 
he intended intervention beyond what would be expected in usual 

ractice. Therefore, all articles were judged to have some concerns 

n the domain of bias due to deviations from intended interven- 

ions (effect of assignment to intervention). In all studies, the in- 

ervention was implemented successfully, and participants adhered 

o the assigned intervention regimen. Therefore, all studies were 

udged to have a low risk of bias in the domain of bias due to

eviations from intended interventions (effect of starting and ad- 

ering to intervention). None of the studies reported outcome data 
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Fig. 2. Network map of (a) growth velocity per year, (b) growth velocity per 6 months, (c) height after 1 year of treatment, and (d) bone age change after 6 months of 

treatment 

AC, acupressure; AT, acupuncture; GH, growth hormone; HM, herbal medicine; HM + AC, herbal medicine plus acupressure; HM + GH, herbal medicine plus growth hormone; 

HM + NUT, herbal medicine plus nutritional supplement; NONE, no medical treatment; NUT, nutritional supplement. 
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or all randomized participants; however, there were no missing 

ata in all studies. Therefore, all studies were evaluated to have a 

ow risk of bias due to missing outcome data. In all studies, there 

as no information on whether the intervention outcome mea- 

urement method was inadequate, whether the intervention out- 

ome measurement method was different between the interven- 

ion groups, and whether blinding of the outcome assessor was 

erformed. Therefore, all studies were evaluated to have some con- 

erns in the domain of bias in the measurement of the outcome. 

ne study 35 in which only the total effective rate was calculated 

ithout raw data was evaluated as having a high risk of bias in 
m  

9 
he selection of the reported result. Overall, one study 35 was eval- 

ated as having a high risk of overall bias, and the remaining stud- 

es were evaluated as having some concerns of overall bias ( Fig. 3 ).

.3. Meta-analysis 

.3.1. GV (pairwise meta-analysis & NMA) 

The pairwise meta-analysis showed that there were no differ- 

nces between HM plus GH and GH alone in GV per year (2 stud- 

es, WMD 1.19 cm, 95% CI −0.20 to 2.57, I 2 = 82%) and GV per 6

onths (2 studies, WMD 1.15 cm, 95% CI −0.48 to 2.79, I 2 = 98%).
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Fig. 3. Risk of bias summary for all included studies 

Low risk of bias, some concerns, and high risk of bias, respectively, are represented 

with the following symbols: “+ ”, “?”, and “-”. 
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10 
owever, the change of GV per year after 6 months of treatment 

as significantly higher in the HM plus GH group compared to GH 

lone (2 studies, WMD 0.94 cm, 95% CI 0.78 to 1.09, I 2 = 0%). When

omparing HM and no medical treatment, the GV per year (4 stud- 

es, WMD 2.35 cm, 95% CI 1.80 to 2.91, I 2 = 89%), GV per 6 months

1 study, WMD 1.28 cm, 95% CI 0.75 to 1.81), and change of GV 

er year after 6 months of treatment (1 study, WMD 1.99 cm, 95% 

I 1.52 to 2.46) were all significantly improved in the HM groups. 

ompared to nutritional supplement, HM showed significantly bet- 

er results for GV per 6 months (1 study, WMD 0.44 cm, 95% CI 

.20 to 0.68); however, there were no significant differences in GV 

er year (2 studies, WMD −0.08 cm, 95% CI −2.28 to 2.11, I 2 = 100%)

Supplementary file 2). 

The results of the NMA showed that GH, HM, acupuncture, nu- 

ritional supplement, HM plus GH, HM plus acupressure, and HM 

lus nutritional supplement significantly increased the GV per year 

ompared with no medical treatment. Additionally, GH increased 

V per year compared to HM, acupressure, and nutritional supple- 

ent, and HM plus GH increased it compared to HM, acupuncture, 

cupressure, and nutritional supplement ( Table 3 ). In addition, GH, 

M plus GH, and HM plus acupressure significantly increased the 

V per 6 months compared to no medical treatment, GH compared 

o HM and nutritional supplement, and HM plus GH compared to 

M and nutritional supplement ( Table 4 ). Based on the SUCRA for 

V per year, HM plus GH was the optimal intervention, followed 

y GH, HM plus acupressure, HM plus nutritional supplement, and 

cupuncture. Furthermore, the SUCRA for GV per 6 months of in- 

ervention showed that HM plus GH was the most favorable inter- 

ention, followed by GH, HM plus acupressure, HM, and nutritional 

upplement ( Table 5 ). 

We additionally performed NMA for studies using HM as 

onotherapy or add-on to GH for GV, our primary outcome, 

o compare the effect size of each individual HM used. Only 

 NMA of HM as monotherapy for GV per year was pos- 

ible because there were no closed loops in the network, 

r few studies were included in the network in other out- 

omes. Seven studies 25 , 28 , 29 , 31–33 , 35 using a total of six types 

f HMs (Buzhongzhuchang-keli, Canguizhuchang-keli, Modified- 

uizhi-tang, Xiaojilipi-fang, Zhibaidihuang-wan plus Dabuyin-wan, 

nd Zhuangeryin-oral-liquid) were included in the analysis. As a 

esult of the NMA, Zhibaidihuang-wan plus Dabuyin-wan statis- 

ically significantly improved GV per year compared to the other 

ve HMs. Additionally, Modified-Guizhi-tang statistically signifi- 

antly improved GV per year compared to the other HMs except 

or Zhibaidihuang-wan plus Dabuyin-wan. The Buzhongzhuchang- 

eli and Zhuangeryin-oral-liquid statistically significantly im- 

roved GV per year compared to Canguizhuchang-keli, and 

here was no significant difference between the other remain- 

ng HMs. Based on SUCRA, Zhibaidihuang-wan plus Dabuyin- 

an was the optimal HM (78.7%), followed by Modified-Guizhi- 

ang (53.4%), Canguizhuchang-keli (48.9%), Buzhongzhuchang-keli 

28.3%), Xiaojilipi-fang (17.5%), and Zhuangeryin-oral-liquid (15.2%). 

.3.2. Height (pairwise meta-analysis & NMA) 

The pairwise meta-analysis showed that HM combined with GH 

ignificantly increased height after 1 year of treatment (2 studies, 

MD 3.86 cm, 95% CI 2.36 to 5.36, I 2 = 0%) and after 6 months

1 study, WMD 4.30 cm, 95% CI 2.72 to 5.88) compared with GH 

lone. Moreover, HM significantly increased height after 1 year (1 

tudy, WMD 4.07 cm, 95% CI 2.02 to 6.12) compared with no med- 

cal treatment. Compared to nutritional supplement, HM showed 

o significant differences in height after 1 year (1 study, WMD 

.90 cm, 95% CI −1.12 to 2.92) and after 6 months (2 studies, WMD 

0.39 cm, 95% CI −3.64 to 2.86, I 2 = 89%) (Supplementary file 2). 

The NMA results showed that HM plus GH showed statisti- 

ally significant higher results in increasing 1-year post-treatment 
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Table 3 

Network league table of growth velocity per year (right upper part) and bone age change after 6 months of treatment (left lower part). 

Growth hormone −2.52 ( − 4.29, − 0.75) −2.02 ( −4.41,0.37) −3.54 ( − 5.93, − 1.15) −2.43 ( − 4.65, − 0.21) 

1.18 

( −0.27,2.63) 

−0.40 

( −2.36,1.56) 

−1.47 

( −3.98,1.03) −4.84 ( − 6.61, − 3.07) 

0.07 ( −0.35,0.48) Herbal medicine 0.50 ( −1.24,2.24) −1.02 

( −2.77,0.72) 

0.09 

( −1.25,1.43) 

3.70 (1.41,5.99) 2.12 

( −0.52,4.76) 

1.04 

( −0.72,2.81) −2.32 ( − 3.29, − 1.35) 

0.07 ( −0.40,0.53) −0.00 ( −0.24,0.24) Acupuncture −1.52 

( −3.45,0.41) 

−0.41 

( −2.61,1.79) 

3.20 (0.40,5.99) 1.62 

( −1.47,4.71) 

0.55 

( −1.94,3.03) −2.82 ( − 4.55, − 1.08) 

0.01 ( −0.46,0.47) −0.06 ( −0.30,0.18) −0.06 ( −0.32,0.20) Acupressure 1.11 

( −1.09,3.31) 

4.72 (1.92,7.51) 3.14 (0.05,6.23) 2.07 

( −0.42,4.55) 

−1.30 

( −3.04,0.44) 

– – – – Nutritional 

supplement 

3.61 (0.95,6.26) 2.03 

( −0.93,4.99) 

0.96 

( −0.81,2.73) −2.41 ( − 4.06, − 0.75) 

0.09 ( −0.06,0.25) 0.03 ( −0.42,0.47) 0.03 ( −0.46,0.52) 0.09 

( −0.40,0.58) 

– Herbal 

medicine + Growth 

hormone 

−1.58 

( −4.01,0.86) 

−2.65 

( −5.55,0.24) −6.02 ( − 8.31, − 3.72) 

– – – – – – Herbal 

medicine + Acu- 

pressure 

−1.07 

( −4.25,2.10) −4.44 ( − 7.08, − 1.80) 

– – – – – – – Herbal 

medicine + Nu- 

tritional 

supplement 

−3.36 ( − 5.38, − 1.35) 

0.01 ( −0.40,0.43) −0.06 ( −0.22,0.10) −0.05 ( −0.30,0.19) 0.01 

( −0.24,0.25) 

– −0.08 

( −0.52,0.36) 

– – No medical 

treatment 

Note: Data are presented in mean difference (95% confidence interval). The result underlined meant it had statistical significant. 
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Table 4 

Network league table of growth velocity per 6 months (right upper part) and height after 1 year of treatment (left lower part). 

Note: Data are presented in mean difference (95% confidence interval). The result underlined meant it had statistical significant. 

Table 5 

SUCRA for interventions on each outcome. 

Abbreviations: GV, growth velocity. 

h

a

s

h

p

(

3

P

3

C

t

a

s

w

t

3

p

W

e

m

y

n

m

(

3

s

W

t

s

s

H

t

i

H

m

w

a

3

s

I

7

5

W

W

d

i

G

i

9  

C

1

t

9

C

0

9

3

t

H

a

9  

e

p

t

r

eight compared with GH, HM, nutritional supplement, HM plus 

cupressure, and no medical treatment. Additionally, GH showed 

ignificantly higher results in increasing 1-year post-treatment 

eight compared with HM and nutritional supplement, and HM 

lus acupressure compared with nutritional supplement and HM 

 Table 4 ). 

.3.3. PAH (pairwise meta-analysis only) 

Pairwise meta-analysis showed that HM significantly increased 

AH after 1 year of treatment (1 study, WMD 6.01 cm, 95% CI 

.46 to 8.56) and after 6 months (1 study, WMD 8.13 cm, 95% 

I 4.45 to 11.81) compared with no medical treatment. Although 

here was no difference between HM and nutritional supplement 

fter 6 months (1 study, WMD 0.26 cm, 95% CI −1.58 to 2.10), HM 

howed significantly higher results in PAH after 1 year, compared 

ith nutritional supplement (1 study, WMD 4.41 cm, 95% CI 2.74 

o 6.08) (Supplementary file 2). 

.3.4. HtSDS (pairwise meta-analysis only) 

HtSDS was significantly changed in HM plus GH group com- 

ared to GH alone group after 6 months of treatment (1 study, 

MD 0.31, 95% CI 0.22 to 0.40). Although there were no differ- 

nces between HM and nutritional supplement in HtSDS after 6 

onths (1 study, WMD 0.03, 95% CI −0.80 to 0.86) and after 1 

ear (1 study, WMD 0.51, 95% CI −0.05 to 1.07), HtSDS was sig- 

ificantly higher in HM compared to no medical treatment after 6 

onths (1 study, WMD 0.26, 95% CI 0.15 to 0.36) and after 1 year 

1 study, WMD 0.99, 95% CI 0.76 to 1.22) (Supplementary file 2). 

.3.5. Bone age (pairwise meta-analysis & NMA) 

The pairwise meta-analysis showed that HM combined with GH 

ignificantly changed bone age after 1 year of treatment (1 study, 

MD 0.40, 95% CI 0.21 to 0.59) compared with GH alone, while 

here was no significant difference in bone age after 6 months (1 

tudy, WMD −0.02, 95% CI −0.48 to 0.44). Moreover, there was no 

ignificant difference in bone age change after 6 months between 

M and no medical treatment (3 studies, WMD 0.05, 95% CI −0.06 

o 0.16, I 2 = 68%) (Supplementary file 2). 
12 
The results of the NMA showed that there were no differences 

n change of bone age after 6 months of intervention between GH, 

M, acupuncture, acupressure, HM plus GH, and no medical treat- 

ent ( Table 3 ). The ranking analysis indicated that HM plus GH 

as the optimal intervention, followed by HM, acupuncture, and 

cupressure ( Table 5 ). 

.3.6. Growth-related hormones (pairwise meta-analysis only) 

The results of pairwise meta-analysis showed that HM plus GH 

howed significantly higher results compared with GH alone in 

GF-1 after 6 months of treatment (1 study, WMD 83.35, 95% CI 

5.81 to 90.89) and after 1 year (2 studies, WMD 61.00, 95% CI 

3.36 to 68.65, I 2 = 0%) and in IGFBP-3 after 6 months (1 study, 

MD 346.72, 95% CI 225.99 to 467.45) and after 1 year (1 study, 

MD 462.20, 95% CI 314.45 to 609.95). Although there were no 

ifferences between HM and no medical treatment after 6 months 

n IGF-1 (1 study, WMD 42.90, 95% CI −1.70 to 87.50) and peak 

H (1 study, WMD 2.02, 95% CI −1.86 to 5.90), HM showed signif- 

cantly higher results after 1 year in IGF-1 (2 studies, WMD 25.59, 

5% CI 17.77 to 33.41, I 2 = 0%), IGFBP-3 (1 study, WMD 833.93, 95%

I 799.05 to 868.81), and peak GH (1 study, WMD 3.61, 95% CI 

.65 to 5.57). There were no differences between HM and nutri- 

ional supplement in IGF-1 after 6 months (1 study, WMD −4.90, 

5% CI −23.63 to 13.83) and after 1 year (1 study, WMD 15.82, 95% 

I −5.66 to 37.30) and in peak GH after 6 months (1 study, WMD 

.33, 95% CI −1.29 to 1.95) and after 1 year (1 study, WMD 0.59, 

5% CI −1.56 to 2.74) (Supplementary file 2). 

.3.7. Adverse events (pairwise meta-analysis only) 

A total of 5 studies 23 , 24 , 28 , 30 , 32 reported adverse events during 

he treatment period. Pairwise meta-analysis results showed that 

M plus GH or HM plus acupressure showed significantly lower 

dverse events rate compared with GH alone (2 studies, RR 0.13, 

5% CI 0.02 to 0.97 or 1 study, RR 0.06, 95% CI 0.00 to 0.93). Cui

t al 23 reported that 1 case of transient headache occurred in HM 

lus GH group and 2 cases of transient skin redness, 2 cases of 

ransient headache, 1 case of obesity, and 2 cases of serum thy- 

oxin change occurred in GH alone group. Tian and Zeng 30 re- 
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orted that there was no adverse event in both HM plus GH and 

H alone groups. Du and Li 24 reported that there were no adverse 

vents in HM plus acupressure group and 4 cases of mild skin 

edness and swelling at the injection site, 1 case of slight serum 

hyroxin change, and 3 cases of transient headache in GH alone 

roup. There were no differences in incidence of adverse events 

etween HM and nutritional supplement (1 study, RR 9.00, 95% CI 

.51 to 159.70). Sun et al 28 reported that 4 cases of dry stool were

eported in HM group and there was no adverse event in nutri- 

ional supplement group. Xu 

32 reported that no adverse events oc- 

urred in HM group, but did not mention whether adverse events 

ccurred in other GH and no medical treatment groups (Supple- 

entary file 2). All of the reported adverse events were alleviated 

pontaneously or after corresponding treatment. 

.4. Publication bias 

Since there were no more than 10 studies in each NMA and 

airwise meta-analysis, publication bias could not be evaluated us- 

ng netfunnel or funnel plots. 

.5. Quality of evidence 

The quality of evidence using the GRADE approach was gener- 

lly “Moderate” to “Low” in both direct evidence (pairwise meta- 

nalysis), indirect evidence, and NMA for outcomes of GV per year, 

V per 6 months, height after 1 year, and bone age change after 6 

onths. In addition, the quality of evidence in outcome of GV per 

ear for individual HMs as monotherapy was also mostly “Mod- 

rate”. The main reason for downgrading the quality of evidence 

as risk of bias of the included RCTs and imprecision of the re- 

ults due to wide CIs (Supplementary file 3). Based on the GRADE 

artially contextualized framework, when considering the effect of 

ll the interventions on GV per year, HM plus GH might have a 

arge beneficial effect, GH, HM plus acupressure, and HM plus nu- 

ritional supplement might have a moderate beneficial effect, and 

cupuncture, nutritional supplement, HM, and acupressure might 

ave a small beneficial effect. On GV per 6 months, HM plus GH 

nd GH alone might have a large beneficial effect, HM plus acu- 

ressure might have a moderate beneficial effect, and HM might 

ave a small beneficial effect. On height after 1 year of treatment, 

M plus GH and GH might have a large beneficial effect, and HM 

lus acupressure and HM alone might have a moderate beneficial 

ffect. There might be trivial or no effect on bone age change after 

 months of treatment in all interventions, including HM plus GH, 

M, acupuncture, acupressure, and GH (Supplementary file 4). 

. Discussion 

.1. Summary of evidence 

In this systematic review, the authors attempted to investi- 

ate the comparative effectiveness and safety of EATM treatments 

or ISS using the NMA methodology. Through a comprehensive 

atabase search, 14 studies and 10 treatment or control interven- 

ions comprising GH, HM, acupuncture, acupressure, nutritional 

upplement, HM plus GH, HM plus acupuncture, HM plus acupres- 

ure, HM plus nutritional supplement, and no medical treatment, 

ere evaluated. 

For GV, the primary outcome in this review, most EATM treat- 

ents including HM, acupuncture, HM plus GH, HM plus acupres- 

ure, and HM plus nutritional supplement, but not acupressure 

lone, were associated with significant improvements compared to 

o medical treatment after 1 year follow-up. According to the re- 

ults of SUCRA, which was used to assess the comparative effec- 

iveness of these interventions, HM plus GH showed the most op- 
13 
imal effect for GV per year, GV per 6 months, and height after 

 year of treatment. In particular, this combined treatment strat- 

gy showed statistically significant improvement in 1-year post- 

reatment height compared to GH, HM, nutritional supplement, 

M plus acupressure, and no medical treatment. NMA was not 

ossible for the other growth-related outcomes including PAH, GV, 

nd HtSDS, and only pairwise meta-analysis was performed for 

hese outcomes. At 6 months and/or 1 year of treatment, HM 

as associated with significant improvement in all of these out- 

omes compared to no medical treatment. Additionally, HM plus 

H showed significantly better effects on change of GV per year 

nd HtSDS compared to GH alone after 6 months of treatment. 

he effects of EATM treatments on the levels of growth-related 

ormones such as IGF-1, IGFBP-3, and peak GH were analyzed in 

airwise meta-analysis. The consistent result was that HM plus GH 

as significantly more effective than GH alone at improving IGF-1 

nd IGFBP-3 levels. Only five studies reported adverse events dur- 

ng the treatment period, and the pooled rate for adverse events in 

he HM plus GH group and HM plus acupressure group was signifi- 

antly lower than that in the GH group. We additionally performed 

 NMA of the effect size of each individual HMs as monotherapy 

or GV, our primary outcome, to address the problem of hetero- 

eneity due to variations in HM used. As a result, Zhibaidihuang- 

an plus Dabuyin-wan statistically significantly improved GV per 

ear compared to other HMs. SUCRA showed that Zhibaidihuang- 

an plus Dabuyin-wan was the optimal HM for increasing GV per 

ear, followed by Modified-Guizhi-tang and Canguizhuchang-keli. 

The quality of direct and indirect evidence and NMA evaluated 

y the GRADE approach was usually “Moderate” or “Low”. Based 

n the GRADE partially contextualized framework, when consider- 

ng all the interventions, HM plus GH might have a large beneficial 

ffect on GV per year, GV per 6 months, and height after 1 year 

f treatment without a substantial effect on change of bone age. 

nterestingly, EATM combination therapies such as HM plus acu- 

ressure and HM plus nutritional supplement might have moder- 

te beneficial effects on height outcomes for children with ISS. Ad- 

itionally, individual EATM therapies including acupuncture, HM, 

nd acupressure might have a small to moderate beneficial effect 

n height outcome. 

.2. Strengths and limitations 

This study was the first to evaluate the comparative effective- 

ess and safety of EATM treatments on ISS using the NMA method- 

logy. In the context of the lack of golden-standard therapies and 

arge medical expenditures for ISS, our findings could potentially 

id in effective clinical decision-making and policy-making for ISS. 

owever, the findings of this study should be interpreted care- 

ully in consideration of the following limitations. First, the ab- 

olute number of included studies is small. In this review, only 

4 studies involving 10 interventions were included in the anal- 

sis. For this reason, most direct and indirect comparisons were 

ased on only 1–2 studies, which may negatively affect the relia- 

ility of the overall study results. Second, the methodological qual- 

ty of the included studies was also low, and most of the studies 

ere conducted on a small scale. This suggests that the effect size 

btained in these studies may have been overestimated. In addi- 

ion, most of the included studies were conducted in China, and 

lthough the risk of publication bias through funnel plots was not 

valuated, the risk of potential location bias cannot be overlooked. 

hird, the EATM treatments used in the included studies were in- 

onsistent. For example, among the constituents of HMs used in 

ur analysis, frequently used herbs such as Poria Sclerotium or Gly- 

yrrhizae Radix et Rhizoma were found, but these herbs account for 

nly 23–29% of all HMs. This is thought to be due to the fact that

he EATM approach to ISS has not yet been standardized, and rep- 
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esents a major challenge to be addressed in future clinical practice 

uidelines using expert consensus and evidence-based methodol- 

gy. Fourth, as outcomes of growth, long-term follow-up over a pe- 

iod of several years is important. However, none of the included 

tudies reported long-term outcomes such as adult height, and all 

eported only short-term growth. Fifth, sexual maturity can have 

 significant impact on growth outcomes. However, since the de- 

criptions of sexual maturity in the included studies were insuf- 

cient, it is difficult for us to predict the effect of sexual matu- 

ity on the growth outcomes in these studies. Finally, we planned 

ubgroup analysis according to the treatment period in this study’s 

rotocol, 17 but subgroup analysis was not possible due to the low 

umber of included studies. In addition, since none of the included 

tudies were evaluated as having a low risk of bias, sensitivity 

nalysis to investigate the robustness of the meta-analysis results 

as not possible. 

.3. Suggestions for further studies 

Future studies in this area can be conducted taking into consid- 

ration the following suggestions. First, the methodological quality 

f EATM studies on ISS needs to be further improved. For this pur- 

ose, long-term follow-up observations (e.g. adult height) of large 

amples though such as registry research should be conducted. 

n addition, even considering the characteristics of some EATMs, 

hich make blinding of the participants and personnel difficult, it 

s necessary to describe appropriate random sequence generating 

ethods and conduct the blinding of outcome assessors. Second, 

he heterogeneity of EATM treatments used in the included studies 

ighlights the need for the standardization of EATM treatments for 

SS. Although EATM treatments such as HM and acupuncture are 

ndividualized treatments and heterogeneity is inevitable, 36 pattern 

dentification, a classical pathological concept in EATM, has the po- 

ential to facilitate standardization. However, evidence-based stan- 

ardized pattern identification for ISS has not yet been studied and 

esearch on this is warranted. Meanwhile, from the end of 2020, 

vidence-based clinical practice guidelines and clinical pathways 

or EATM treatments for ISS are being developed with the support 

f health authorities in Korea and may contribute to the standard- 

zation of HM and acupuncture for ISS. Therefore, in future studies, 

tandardization should be pursued through expert consensus and a 

arge clinical study of ISS patients. Third, our findings suggest the 

otential superiority of HM plus GH, but herb-drug interaction is 

n important issue today, 37 and our findings do not provide a suffi- 

ient explanation for this issue. In order to encourage the combina- 

ion of HM and GH in clinical practice, more preclinical and clinical 

vidence for herb-drug interactions should be reported. In some 

sian countries where HM is already used in the national health- 

are system, retrospective analysis may be attempted. Fourth, al- 

hough ISS is defined as a condition in which there is no under- 

ying medical cause for short stature, the normal growth curve for 

articipants may affect the results of clinical studies. For example, 

uberty in the participants can be an important factor that results 

n the confusion of normal growth and growth-accelerating effects 

rom applied interventions, potentially leading to heterogeneity be- 

ween studies. Therefore, in future studies, information that can af- 

ect growth should be provided in detail in the participants’ base- 

ine data. Fifth, considering that adherence to GH in general is not 

igh, 38 acceptability may be an important indicator of the compar- 

tive advantage of other treatments. However, through the stud- 

es included in this review, it was not possible to evaluate the ac- 

eptability data for several interventions, possibly due to insuffi- 

ient reporting. In future research, the compliance and satisfaction 

f the participants should be evaluated, and ideally, a question- 

aire for carers should be conducted. Cost-effectiveness is another 

mportant indicator for which EATM treatment may have a com- 
14 
arative advantage. For example, one study 39 compared the cost- 

ffectiveness of GH with a combination EATM treatment consisting 

f HM, acupressure, and lifestyle modification in ISS treatment. The 

esults demonstrated that the combined EATM treatment strategy 

as statistically cheaper than GH. Moreover, the increase in height 

as significantly higher in the EATM treatment group. In other 

ords, better cost-effectiveness was observed for EATM. However, 

his study was conducted in China and is difficult to generalize 

o other countries. In addition, to our knowledge, studies evaluat- 

ng the cost-effectiveness of other alternatives compared to GH for 

SS are very rare. Therefore, it is necessary to consider this impor- 

ant result in future ISS intervention studies. Finally, according to a 

revious study, 40 minimal clinically important differences (MCID) 

or GV per 6 months were reported to be 0.51 cm; however, this 

as for children with mild short stature under the 25th percentile. 

herefore, future studies on MCID calculation for GV in ISS patients 

ill help clinicians with decision-making. 

.4. Conclusion 

In this systematic review and NMA, the comparative effective- 

ess and safety of EATM treatments for ISS were investigated. 

verall, HM plus GH showed statistically significant superiority 

n several growth-related anthropometric indicators compared to 

ther EATM therapies for ISS and was associated with lower ad- 

erse events compared to GH alone. HM plus GH might have a 

arge beneficial effect on GV per year, GV per 6 months, and height 

fter 1 year of treatment without a substantial effect on change 

f bone age. However, the small number of studies included and 

he poor methodological quality of the studies affect the reliabil- 

ty of the findings. Therefore, the results of this review highlight 

he need for large-scale, high-quality, long-term studies that inves- 

igate the effectiveness and safety of EATM treatments for ISS. 
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