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Analysis of Safety of Mahuang in Studies for Treatment of Obesity
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Received: October 30, 2021 Objectives: The purpose of this study is to analyze the adverse events and safety of

Revised: November 18, 2021 Mahuang used as anti-obesity treatment in Korean medicine.

Accepted: November 23, 2021 Methods: PubMed, EMBASE, Cochrane, KoreaMed, Oriental Medicine Advanced Searching
Integrated System (OASIS) and SCIENCE-ON were used as searching for randomized
controlled trials investigating the safety of Mahuang for treating obesity from January,
2000 to July, 2021.

Results: Total 6 studies were included for analyzing. In most studies, heart rate was high—
er in experimental group than in placebo group with statistically significant difference.
Both systolic and diastolic blood pressure had no significant differences between both
Correspondence to: Mi Young Song groups, but systolic blood pressure got lower in experimental group. Most adverse events
The Reset Korean Medical Clinic, 278 = rgported in experimental group were dry mouth, constipation, diarrhea, palpitation and

Dongdaegu-ro, Suseong-gu, Daegu insomnia, but serious adverse events were not reported.
42099, Korea

Tel: +82-53-755-1075 Conclusions: This study provides the evidence about the safety of Mahuang for treating
Fax: +82-53-755-1070 obesity. However, increase of heart rate and minor adverse events could be occurred.
E-mail: thereset2018@naver.com Further study is needed to confirm the safety of Mahuang.
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Al o] FRESHA AHEEH AT, o] F of2] F2Hgo]
H= FDAC BRAHA, 1 F 5% F2H8 Aldlxs 2ol
FSlom, olof 2004 dFE n}3 = ephedrine] 7477
SHE S Xls}ﬂ AP, sl A= HTE 2] 54
2 npgk ARGl ek =97t &3] o] Folxlon HAY
SFS FASIEA B os ngs Aol o=
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ATV AR HEREA

tematic review, SR)S A]3) gl
(meta-analysis)& A 3Ys}A] @hol BINE A B2 vheto "}9“

nhe} E= ephedrine
70

s o e, Ak, 54, A=A —01] oiaf A9
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2. Xtz ZM T2t

B AellA =2 AL uie] tlolgulolx NS F
3l o]FojHom, I =& KoreaMed, Oriental Medicine
Advanced Searching Integrated System (OASIS), SCIENCE-ON
oA, 9] =2 PubMed, EMBASE, Cochraneol| 4] ]2}
stk =2 A4 2000 1€5E 20219 7974 @
3 =S o= st

AFAA <} #HE A2 (randomized controlled tri-
al) OR (controlled clinical trial) OR “random*” OR “place-
bo” OR “trial”& AME3ITE =9 =&2] 7% (“obes*”
OR “weight gain*” OR “weight loss” OR “body mass ind*”
OR “adipos*” OR “overweight” OR “overweighted” OR
“overweightness” OR “overweights” OR “over weight” OR
“overload syndrome*” OR “overeat*” OR “over eat*” OR
“overfeed*” OR “over feed*” OR “weight cycling” OR
“weight reduc*” OR “weight los*” OR “weight maint*” OR
“weight decreas*” OR “weight watch*” OR “weight control*”
OR “weight gain*” OR “weight chang*”) AND (Ephedra

Table 1. Inclusion and Exclusion Criteria for Selection of the Studies

Variables Inclusion criteria

Exclusion criteria

Obesity in adults (BMI>25.0 kg/m?)
No restriction in race and gender

Patients

Intervention Oral administration of Mahuang

Comparison Placebo

Outcome Adverse events
Blood pressure

Heart rate

Blood chemistry (AST, ALT, BUN, Cr, GGT)

ECG

Study design Randomized controlled trial

Complex of obesity and other diseases (e.g. polycystic
ovarian syndrome, diabetes mellitus, dyslipidemia)

Other administration such as intravenous injection

Systematic review, meta—analysis, protocol, animal study

AST: aspartate aminotransferase, ALT: alanine aminotransferase, BUN: blood urea nitrogen, Cr: creatinine, GGT: gamma-glutamyl

transferase, ECG: electrocardiogram
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OR Ephedra sinica OR Mahuang OR “Ephedrae Herba” OR
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3. oy =

EHE2] A3} 34& The Cochrane Collaboration2] Review
Manager (RevMan) Version 5.3 (Copenhagen, Denmark)-S
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Records identified (n=503) Records removed before screening:
from: Duplicate records removed
PubMed (n=49) (n=111)
Identification EMBASE (n=302) — Records marked as ineligible
Cochrane (n=56) by automation tools (n=0)
OASIS (n=29) Records removed for other
Science On (n=67) reasons (n=0)
|
Records excluded (n=342):
Not obesity (n=10)
Records screened _ Not intervention (n=5)
(n=392) Not RCT (n=54)
Animal study (n=38)
Not related to topic (=235)
Screening |
Reports_ not retrieved (n=44):
Reports sought for retrieval N I(Dnu:pzl)lcatlon due to language
(n=50) Ephedrine not ephedra sinica
(n=42)
|
Elgbiiy gﬁne:%orts assessed for eligibility
|
Included (Rne:%orts of included studies

Fig. 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analysis (PRISMA) flow chart. OASIS: Oriental Medicine
Advanced Searching Integrated System, RCT: randomized controlled trial.
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Table 2. Summary of Randomized Controlled Trials Uusing Ephedrine for Treatment of Obesity

First author Sample size Daily dose of

Year dsetgld% (treatment/ Duration Experimental intervention int(e:?vnetrrw?ilon ephedrine from gg;(;?pei

Country 9 control) Mahuang

Boozer RCT 24/24 8 weeks Mahuang, Guarana Placebo 72 mg/day sBP

2001 ephedrine dBP

USA HR

Boozer RCT 46/41 6 months Mahuang and Kola nut Placebo 90 mg/day sBP

2002 ephedrine dBP

USA HR

Greenway RCT 12/19 12 weeks Mahunag and Kola nut and  Placebo 72 mg/day HR

2004 (phase 2) (phase 2) other ingredients ephedrine

USA

Coffey RCT 44/42 12 weeks Mahuang, Kola nut, White Placebo 750 mg/day sBP

2004 willow bark and other Mahuang dBP

USA herbal components (60 mg/day HR

ephedrine)

Hackman RCT 19/23 9 months Ephedra (Ephedra sinica) Placebo 40 mg/day sBP

2006 extract, guarana (Paullinia ephedrine dBP

USA cupana) extract and other HR

ingredients

Kim RCT 21/16 8 weeks Ephedra Placebo 31.52 mg/day AST

2008 pseudoephedrine ALT

South Korea BUN
Cr

RCT: randomized controlled trial, sBP: systolic blood pressure, dBP: diastolic blood pressure, HR: heart rate, AST: aspartate
aminotransferase, ALT: alanine aminotransferase, BUN: blood urea nitrogen, Cr: creatinine.
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o7} o]FoH o 6He =& BT Aoty wukst
of B Aol TgsIATE =8 A vk AH &

A

N

L

£

ARE F 6] T4 s Aol nige &
8ol A FHh 9/ L7kA] Fokdk Zl o' ettt 85
ofo] 2%, 125 Fofo] 2%, 670€ H 9/ Fofo] 7t
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Holter ambulatory blood pressure monitorE 2-8-5to] &<k
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g o]¢kr] ke FoF ol vls] 2+ 4 mmHg, 1 mmHg
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Table 3. Safety Index Associated with Mahuang

ZUT 9 HITZE Xz SN OFgel oY &4

First author

Blood pressure

Heart rate

Cardiac function

Blood chemistry Adverse events

Year (ECG)
Boozer sBP (P=0.284), EG: increased R-R interval Electrolytes, AST, Insomnia, headache, dry mouth, etc.
2001 dBP (P=0.904): 6.9016.90 decreased ALT, GGT
n.s. differences PG: decreased significantly : n.s. differences in
1.7016.3 (P=0.027) PG
(P€0.001) between EG  AST (-2.245.2 IU/L,
(-0.057+0.11s) P=0.051) and ALT
and PG (-4.2£10 1U/L,
(+0.007+0.10s) P=0.050)
No ectopic beats significantly
or arrhythmias decreased in EG
Boozer sBP (P=0.313), EG: increased No cardiac n.s. differences in EG)PG: dry mouth, heartburn,
2002 dBP (P=0.928): 419 arrhythmias AST, ALT, Cr insomnia
n.s. differences PG: decreased (data not shown) EG(PG: diarrhea
319
(P€0.001)
Greenway n.s. differences Significantly No cardiac No blood test Respiratory, pain, gastrointestinal,
2004 (P>0.1) differences in arrhythmias in abnormalities oral, genitourinary, headache,
treatment EG (data not shown) pinched nerve, hair loss, skin
effect (P<0.03) No ECG problem, neuropsychiatric,
EG: decreased abnormalities arrhythmia: n.s. differences
0.3 bpm
PG: decreased
6.6 bpm
Coffey sBP (P=0.76), dBP n.s. differences - - PG: exacerbated depression, atrial
2004 (P=0.49): n.s. (P=0.09) fibrillation, exacerbated asthma
differences EG: low back pain, compression
fracture of L1
Hackman n.s. differences Significant No ECG No blood test Appetite decreased, dizziness, dry
2006 except sBP at 3 differences abnormalities abnormalities mouth, energy increased, fatigue,
months PG)EG: week 1, headache, insomnia, nausea,
(P=0.035) month 3, nervousness, palpitations
month 9
EG)PG: week 2
Kim - - n.s. differences at 8 EG: constipation, headache, dry
2008 weeks except mouth, insomnia, dull head,

ALT (P=0.016) dizziness, nervousness, nausea,
vomiting, anorexia, palpitation
PG: insomnia, nervousness,

constipation, eruption, dry mouth

ECG: electrocardiogram, sBP: systolic blood pressure, dBP: diastolic blood pressure, n.s.: no significant, EG: ephedrine group, PG:
placebo group, AST: aspartate aminotransferase, ALT: alanine aminotransferase, GGT: gamma-glutamyl transferase, Cr: creatinine.
P-value less than 0.05 is considered statistically significant differences.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Boozer 2001 N 10 24 -3ar 24 150% 310 [-2.47, 8.67]
Boozer 2002 -1 9 46 o 11 41 196%  -1.00[-5.25, 3.29]
Coffey 2004 0.36 1.36 44 156 1.41 42 334%  -1.20[1.79, -0.61]
Hackman 2006 2 2 14 To1.8r 23 320%  -500[618,-3.87) -
Total (95% CI) 133 130 100.0%  -1.73[-4.63, 1.17]
Heterogeneity: Tau®= B.47; Chi®= 3525, df= 3 (P = 0.00001); F=91% I—1UD _5'0 Ii 5'0 1DUI

Testfor averall effect Z=117 (P=0.24)

Fig. 2. Forest plot of systolic blood pressure.

Experimental Control
Study or Subgroup  Mean SD Total Mean SD Total Weight

Mean Difference
IV, Random, 95% CI

Favours [experimental] Favours [control]

Mean Difference
IV, Random. 95% CI

Boozer 2001 -09 386 24 12 81 24 0%
Boozer 2002 1 8 46 1] i 4 1.4%
Coffey 2004 0.57 095 44 0.75 098 42 81.3%
Hackman 2006 1 1.68 19 214 23 16.6%
Total (95% CI) 133 130 100.0%

Heterogeneity: Tau®=0.01; Chi®= 3.05, df= 3 (P=0.38), F= %
Testfor averall effect: Z=1.48(F=0.14)

Fig. 3. Forest plot of diastolic blood pressure.

Experimental Control

Mean Difference

0.30 [-4.43, 5.03]
1.00 [2.37, 4.37]
-0.18 [-0.58, 0.23]
-1.00 [-1.95, -0.05]

-0.30 [-0.69, 0.10]

-100 -50 0 50 100
Favours [experimentall Favours [control]

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Boozer 2001 69 BY 24 17 B3 24 297% 8.60 [4.86,12.34] =
Boozer 2002 4 9 46 -3 9 41 295% FO0[3.21,10.79] =
Coffey 2004 078 115 44 -232 119 42 409% 310 [2.61, 3.549] ]

Total (95% CI) 114 107 100.0% 5.88[2.02, 9.74] L

Heterogeneity: Tau®=9.44 Chi®=11.98, df= 2 (P =0.002), F=83%
Test for overall effect: Z= 2.99 (P = 0.003)

Fig. 4. Forest plot of heart rate.
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o BAXOZ {23k xFo)7} AJATHP=0.002)(Fig. 4).
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ol gt gholl 233k
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Blinding of outcome assessment (detection bias)

Selective reporting {reporing hias)

= | @ | @ | Blinding of participants and personnel (performance hias)

~ | @ | @ | Incomplete outcome data (atirition hias)

- . . Fandom sequence generation (selection bias)
=~ | @ | @ | Allocation concealment (selection hias)

w
L1
=
o
=
(=]
Boozer 2001 5 ? ?
Boozer 2002 = ? ?
Coffey 2004 B ?2 | ?

]
]
“

-~
~
w
]

Greenway 2004
Hackman 2006 | @) @ (@ |2 (@ |2 | 2
|22 @22

Kim 2008 | @

Fig. 5. Risk of bias summary. +: low risk of bias, —: high risk of
bias, ?: unclear risk of bias.
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Random sequence generation (selection hias) _:I

Allocation concealment (selection hias) _ |

Blinding of participants and personnel (performance bias) _ |
Blinding of outcome assessment (detection bias) |
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Fig. 6. Risk of bias graph: percentage of each risk of bias item related to all selective studies.
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