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Abstract

Background: With rising obesity rates worldwide, clinical trials focused on identifying effective
treatments are increasing. While guidelines exist for pharmaceutical drugs targeting obesity,
there are none for herbal medicine clinical trials for anti-obesity. Both industries refer to the
same guidelines for clinical trials.

Objectives: This scoping review aimed to gather information from herbal medicine anti-obesity
randomised controlled trials (RCTs), analyse the methodologies and assess their alignment
with international guidelines.

Eligibility criteria: This review included RCTs of participants of all ages with obesity utilising
herbal medicine with any comparators and focusing on various outcome measures.

Sources of evidence: Only published journal articles were included.

Charting methods: Articles were extracted from MEDLINE, CENTRAL and EMBASE using
predetermined keywords. Relevant data, such as the study characteristics, types of herbal
interventions and controls, treatment durations, outcome measures and safety monitoring
methods were recorded in a table format for comparative analysis.

Results: We included 99 RCTs that showed participant sample sizes ranging from 8 to

182, ages 18 to 80years and body mass indexes (BMIs] between 25 and 49.9 kg/m2. Herbal
interventions used single herbs (n=57) and mixtures (n=42), given for 14 days to 56 weeks.
Studies implementing diet modifications include restricted calorie diets (n=35), food-portion
controlled diets (n=7) and fixed calorie diets (n=7). Of the 28 studies implementing exercise,
most were of moderate intensity (n=22). All studies collected BMI and weight as primary
outcomes. Body fat composition was measured in over 50% of studies using a body analyser
(n=57). Waist, hip and abdominal circumferences were infrequently measured. Radiological
tools used include dual-energy X-ray absorptiometry (n=16), computed tomography scans
(n=10) and ultrasound (n=2). Safety monitoring methods were reported in most studies
(n=76).

Conclusion: In conclusion, almost 50% of the studies adhered to international pharmaceutical
clinical trial guidelines, addressing dietary, lifestyle, physical activity and cardiovascular risk
factors. Nonetheless, more herbal anti-obesity studies need to consider the assessment of
weight maintenance.
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Plain language summary
Clinical trials of herbal medicine for obesity: a scoping review of methodologies

The global rise in obesity has increased the focus on clinical trials to identify effective
treatments. While guidelines such as the USFDA Guidance for Industry Developing Products
for Weight Management (2007) and the EMA Guideline on Clinical Evaluation of Medicinal
Products Used in Weight Management (2017) exist, they have not been updated recently,
and specific guidelines for herbal medicine are lacking. Consequently, both industries
often refer to the same guidelines. Our review aimed to gather and analyse data from
randomised controlled trials (RCTs) involving herbal medicine for anti-obesity treatment.
We examined how these trials are conducted, their adherence to international guidelines,
and identified specific challenges and limitations. The review included 99 studies, with
sample sizes ranging from 8 to 182, ages 18 to 80years, and BMIs between 25 and 49.9
kg/m2. Nearly 50% of the RCTs adhered to international pharmaceutical guidelines, but
significant gaps remain, particularly regarding study duration, lifestyle modifications and
safety monitoring. These findings highlight the need for specific guidelines for herbal

medicine trials.
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Introduction

Globally, obesity is a rising health crisis. Obesity
is one of the most prevalent non-communicable
diseases, causing a multitude of health challenges.
In the United States of America (USA), the prev-
alence of obesity has escalated from 30.5% in
2000 to 41.9% in 2020.! An increase in obesity
prevalence is also seen locally in Malaysia. The
National Health and Morbidity Survey (NHMS)
reports of 2015 and 2019 estimated that the prev-
alence of overweight adults was 30.0% and
30.4%, whereas obesity prevalence was 17.7%
and 19.7%, respectively.? Increased risk of many
serious diseases, including cardiovascular dis-
eases, stroke, diabetes mellitus, hypertension,
dyslipidaemia, chronic kidney disease, respiratory
dysfunction, osteoarthritis and certain cancers are
associated with the growing obesity epidemic and
sedentary lifestyle.?> Obesity has also been identi-
fied as an independent risk factor for severe
COVID-19, intensive care unit admissions and
deaths.>

Overweight and obesity are influenced by a com-
bination of risk factors, including individual die-
tary, exercise, behavioural and lifestyle choices, in
addition to individual genetics, environment and

metabolic risk factors.® A review by Swinburn
et al.” reported that poor dietary habits and inad-
equate physical activity are contributing factors to
the development of obesity. Dietary fibre (non-
starch polysaccharides) and physical exercise
were found to be substantially protective against
obesity, while sedentary lifestyles and high intakes
of high-energy food which are deficient in micro-
nutrients were risk factors for obesity.” Another
review discussed that sedentary lifestyle, in addi-
tion to decreasing energy expenditure, is also
associated with an increased risk of cardiometa-
bolic diseases, independent of physical activity
levels.® A questionnaire-based study by Junne
et al.? found that specific obesity-related psycho-
logical and social factors, such as dissatisfaction
with body figure and social insecurity, can lead to
stress. Prolonged stress affects metabolism,
causes negative emotions and hormonal imbal-
ances, which can then promote binge eating, a
heightened appetite and cravings for unhealthy
foods.?

In response to the escalating prevalence of obe-
sity, there has been a surge in clinical trials aiming
to identify effective interventions. These trials uti-
lise a wide range of approaches to address the
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complex nature of obesity. For instance, there are
anti-obesity trials with behavioural approaches,10-12
pharmacological approaches,!3-15 dietary appro-
aches,!®18 and others. In anti-obesity human
trials, a comprehensive approach is usually rec-
ommended. This begins with a thorough history
taking, anthropometry measurements, physical
examination and necessary laboratory tests. This
initial assessment is critical for evaluating the
severity of obesity and related health issues.
Following that, setting realistic weight loss goals
is crucial. The main principle of obesity treatment
is lifestyle modification which includes adopting a
hypocaloric or normocaloric diet, increasing
physical activity and in some cases, undergoing
cognitive behavioural therapy. Non-invasive
treatment methods that could be beneficial
include pharmacotherapy, vaccines, gut microbi-
ota modulation and gene therapy. That said, obe-
sity management could differ among individuals,
and a tailored approach needs to be adopted.!®

Historically, pharmacological management of
obesity has been associated notoriously with seri-
ous adverse effects. The infamous anti-obesity
drug, Sibutramine, which was withdrawn in 2010,
was associated with an increased risk of heart
attacks and strokes in patients with cardiovascular
disease history.2? The same goes for several other
banned anti-obesity drugs such as ephedra,?!
rimonabant and dinitrophenol, which have been
associated with negative cardiovascular, pulmo-
nary and metabolic effects.?2

Concerned with the risk of harm associated with
pharmacological anti-obesity drugs, there is grow-
ing interest in developing herbal and complemen-
tary medicines with the perception that natural
remedies could potentially offer a safer alterna-
tive, though this remains to be proven. Herbal
medicine has been used for centuries to prevent
and treat various diseases, and many studies have
reported their efficacies in obesity treatment.?3
Herbal medicine is defined by the World Health
Organization (WHO) as ‘herbs, herbal materials,
herbal preparations and finished herbal products,
that contain parts of plants, other plant materials
or combinations thereof as active ingredients’.24
Among the potential anti-obesity benefits that
may be offered by herbal medicine include mech-
anisms like thermogenesis, inhibiting pancreatic
lipase activity, reducing food intake and increas-
ing lipolysis.?> Secondary metabolites commonly

found in medicinal plants, such as flavonoids and
saponins, can trigger physiological changes (i.e.
upregulating glutathione and superoxide dis-
mutase production and inhibiting cell growth),
offering potential therapeutic benefits for meta-
bolic disorders and obesity treatment.2°

Medicinal products (conventional and herbal
medicine) with weight loss claims should be
tested rigorously in clinical trials to prove their
efficacy and safety in humans. The European
Medicines Agency (EMA)27 and United States
Food and Drug Administration (US FDA)?8 have
laid out guidelines for the industries to conduct
clinical trials for medicinal products on obesity,
outlining some recommended requirements to
facilitate drug development. These guidelines are
used universally for all interventions. Despite the
standard recommendations for obesity trials, it is
common for individual clinical trials to be con-
ducted uniquely as there is no one-size-fits-all
methodology. Anti-obesity clinical trials often
have the additional consideration of incorporat-
ing adjunct therapies such as lifestyle modifica-
tions. A long study duration with additional
follow-ups conducted at least 6months after
treatment cessation is also often recommended to
reflect good and sustainable efficacy. These
requirements can be challenging to be met by
both investigators and participants of clinical tri-
als, consequently leading to high drop-out rates,
or loss to follow-up.2®

Although there are some similarities between
herbal medicine and conventional medicine trials,
there are also additional requirements. For exam-
ple, in herbal medicine interventional trials, the
quality of the herbal interventions is an important
consideration.3%3! In addition, compared to con-
ventional medicines or synthetic small molecules,
which often have specific pharmacological tar-
gets, herbal medicine, rich in phytoconstituents,
is often reported to have pleiotropic effects, mod-
ulating multiple pathways simultaneously.??2 In
some cases, the principles of treatment of obesity
may differ between traditional medicine philoso-
phies and modern medicine approaches. For
instance, traditional Chinese medicine addresses
diseases in an integrated manner, targeting multi-
ple interactions in a biological system, and is per-
sonalised according to the individual. Modern
medicine, on the other hand, comprises well-
defined chemical compounds that are designed to
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target specific molecular pathways or biological
processes, with their direct effects well-under-
stood and predictable.33 In view of the known dif-
ferences between herbal medicine and
conventional medicine, given that current anti-
obesity guidelines for clinical trials are catered
generally to conventional drug development,
there is a significant research gap in understand-
ing how herbal medicine trials have been con-
ducted. Therefore, we conducted this scoping
review to collate literature of clinical trials investi-
gating the anti-obesity effects of herbal medicines
to gain insights towards the landscape of method-
ologies used in such trials and explore the associ-
ated challenges as well as limitations unique to
herbal trials.

Methods

This review was conducted according to the York
Framework of scoping studies by Arksey and
O’Malley,3* refined by Levac et al.3> This frame-
work serves as a guide for a standardised and sys-
tematic approach in conducting scoping studies
to address new or broad research questions of
complex or heterogeneous nature. All five stages
of the scoping review, namely, (1) identification
of research question(s), (2) identification of rele-
vant studies, (3) selection of studies, (4) data
charting and (5) collation, summarisation and
reporting of findings, were undertaken.3% We fol-
lowed the Preferred Reporting Items for
Systematic  Reviews and  Meta-Analyses
(PRISMA) guidelines to ensure relevant items for
the scoping review were included. The PRISMA
Scoping Review checklist is provided inSupple-
mental Material 1.

Identification of research questions

This review was conducted based on the primary
research question ‘What are the methodologies
used for herbal medicine randomised controlled
trials (RCTs) for the management of obesity?’
include the

Secondary research questions

following:

1. What are the commonly collected measure-
ments to assess anti-obesity effects of herbal
medicines in RCTs and how were they
measured?

2. What are the common laboratory tests car-
ried out to assess the efficacy of interven-
tion in reducing obesity?

3. What adjunct therapies are commonly used
in the trials?

4. How was the safety monitoring carried out?

5. Were herbal trials performed differently
from those as recommended in guidelines
for interventional anti-obesity RCTs? If so,
how are they different?

Identification of relevant studies

Inclusion and exclusion criteria. Only English-
language publications were included. There was
no year limit on publications. Review papers and
book sections were excluded. All searches were
performed and matched by two independent
investigators. Search results were managed using
bibliographic software (EndNote X9), and dupli-
cates were removed. The following population,
intervention, comparison, outcome and study
design (PICOS) framework was used to identify
relevant articles:

Participants. Participants included individuals
of all ages who are obese or overweight, with or
without comorbidities. Overweight was defined
as a body mass index (BMI) ranging from 25
to <30kg/m?2, while obesity was defined as BMI
=30kg/m?2.37

Interventions. Herbal medicine is defined by
the WHO?* as the main intervention. This review
included herbal medicines in the form of a single
herb or herbal mixture in any formulation.

Comparators. Studies with any comparators
were included.

Outcome. The outcomes of our review focused
on parameters of methodologies, mainly:

1. anthropometric measurements (e.g. BMI,
waist and hip circumference and body fat
composition)

2. objective measurement tools of efficacy
(e.g. weighing scales, measuring tapes, bio-
electrical impedance analysis, dual-energy
X-ray absorptiometry (DEXA))

3. subjective measurement tools of efficacy
(e.g. questionnaires to evaluate the
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participant’s quality of life, stress response,
eating habits and other factors related to
obesity)

4. laboratory parameters (e.g. biochemical or
hormone tests related to obesity)

5. behavioural interventions (e.g. diet regimen
and physical activities)

6. multi-disciplinary team approach (e.g.
involvement of dietitian or allied healthcare
professionals)

7. use of concomitant herbs,
supplements

8. parameters for safety monitoring (e.g. clini-
cal examination, clinical bedside tests such
as vital signs measurement and electrocar-
diography, biochemical tests and adverse
event self-reporting).

drugs or

Study design. RCTs were included.

Search strategy. A systematic search was con-
ducted by two independent investigators for pub-
lished literature with predetermined keywords.
Three electronic databases (MEDLINE via
PubMed, CENTRAL via Cochrane Library,
Embase via Ovid) were searched from their incep-
tion until March 2023. The search was con-
structed around the keyword search terms ‘obesity
or overweight’, ‘weight loss’ and ‘herbal medi-
cine’. These were adapted for each database as
necessary. The complete search strategy for the
databases is shown in Supplemental Material 2.

Selection of studies

The articles from each database were then
imported into the Endnote (Version X9, Clarivate
Analytics, Philadelphia, 2013) reference manager
for deduplication. After deduplication, the
remaining articles were transferred to an Excel
document for title and abstract screening. This
screening was conducted by five pairs of investi-
gators independently and cross-checked after-
wards. In cases of disagreements, a third
investigator was consulted. Studies were selected
based on the inclusion and exclusion criteria with
reference to the research questions and PICOS
elements mentioned. Studies that appeared to
meet the inclusion criteria subsequently undergo
screening of the full text. Full-text article screen-
ing was conducted by four pairs of investigators
independently and cross-checked afterwards.
Following full-text screening, two investigators

assessed the overall studies included again before
proceeding with data extraction.

Data charting

Data extraction was performed by four pairs of
investigators. The characteristics of each study
were extracted, including study details (author,
year of publication, country, study design, trial
registry number, ethics approval, study phase,
primary and secondary objectives, sample size,
drop-out rate, power of study and informed con-
sent), participants (age, sex, inclusion criteria,
exclusion criteria, recruitment sites or interven-
tion delivery setting), intervention (type, dose,
frequency, duration, route of administration,
voucher specimen, qualitative or quantitative
tests and any use of concomitant herbs, drugs or
supplement), behavioural interventions (diet regi-
men and physical activities) and outcome meas-
urements (primary and secondary parameters,
physical measurements, radiological estimation
measurements, biochemical measurements, ques-
tionnaires, other methods for determining obesity
parameters). We also extracted data on the
involvement of dieticians or allied healthcare pro-
fessionals, compliance monitoring methods and
safety monitoring (reporting of adverse events or
other related investigations).

Collation, summarisation and reporting

of findings

We performed a descriptive numerical analysis
using the extracted data details. Subsequently, a
comparative analysis was undertaken to assess the
methodologies employed in the included studies.
This comparison was based on established obe-
sity clinical trial guidelines, specifically the
USFDA Guidance for Industry Developing
Products for Weight Management (2007)28 and
the EMA Guideline on Clinical Evaluation of
Medicinal Products Used in Weight Management
(2016).27

Results

Study selection

A total of 1367 records were identified from
online databases. Prior to the abstract screening,
105 duplicate records were removed, resulting in
1262 studies being screened. Of these, 114
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full-text studies were assessed for eligibility, and
99 studies were included for analysis. Our pri-
mary focus is on the methodologies of the trials
rather than their findings. The study selection
process is presented in the PRISMA flowchart
shown in Figure 1.

Characteristics of included studies

Study characteristics. The study designs of the
included articles were all RCTs of herbal-related
interventions for obesity. The sample size included
in the study ranged from 8 to 182 participants and
were mainly from the age range of 18-80years.
There were no participants aged younger than
18years in the studies found. The BMI range of all
the studies was from 25 to 49.9 kg/m?2. The partici-
pants were either healthy patients with obesity
(n=81 studies) or with comorbidities (=18

studies) including hyperlipidaemia, metabolic
syndrome, type 2 diabetes mellitus and schizo-
phrenia. The types of intervention used were all
herbal medicine as defined by the WHO.2¢ The
recruitment locations for different studies varied
and included virtual recruitment through social
media platforms or marketing (z=13), as well as
recruitment sites such as medical and research
centres (n=46), public health clinics (z=3) and
other public facilities (z=3). Some studies did not
mention their recruitment sites (n=34). Addition-
ally, studies were categorised based on whether
they were conducted at a single centre or involved
multiple centres. This diversity in recruitment
strategies and study settings contributes to the
overall understanding of the recruitment land-
scape in the reviewed studies. In several studies
(n=6), a run-in period was implemented prior to
study commencement. The duration of the run-in

Records removed before screening:
Duplicate records removed (n = 105)

Records excluded

(n=1148)

Full-text articles excluded, with reasons

(n=15)

(- )
Records identified from
o databases:
2 (n=1367)
é MEDLINE = 56
-§ CENTRAL = 1106
. Embase = 205
- J
g b,
Records screened
(n=1262)
-T)]
;
g ;
0 Full-text articles assessed for
eligibility
(n=114)
k_J
o
T . .
= Articles included for analysis
§ (n=299)
Ll
"

Figure 1. PRISMA flowchart of included studies.

Study protocol (n=2)

Not anti-obesity-related (n=4)
Unrelated articles (n =2)
Non-randomised controlled trial (n = 2)
Duplicate (n = 3)

Herbal medicine not the primary
intervention studies (n = 2)

PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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was from 3days to 2weeks. A summary table of
the characteristics of the included studies is shown
inSupplemental Material 3.

Countries included RCTs. The USA had the high-
est number of herbal medicine anti-obesity RCT's
(n=18), followed by Korea (n=12), Iran (n=11),
India (n=9), Japan (n=6), Italy (n=5), Camer-
oon (n=4), Australia (n=4), Brazil (n=3), Tai-
wan (n=3), China (n=3), Pakistan (n=2),
Germany (n=2), Canada (n=2), Poland (n=2)
and France (n=2). The remaining countries,
namely Mexico, Thailand, Romania, Spain, Den-
mark, Iraq, Russia, Armenia, Syria, Netherlands
and Argentina, had one study each. Figure 2
shows the worldwide distribution of anti-obesity
RCTs involving herbal medicines.

Herbal intervention, daily dosage, duration

We categorised the herbal interventions into sin-
gle herbs (n=57) and mixtures (#=42). The
treatment duration varies from as short as 14 days
to as long as 56 weeks. The most studied herbs in
obesity RCTs are Ephedra sinica as a mixture

Number of studies

M 10o0rabove ‘?:] }
[ s5-9 ) z ’/
u -4 UN\Lk‘“‘- a4

/ inmaesmmay; s

g

W

i

/

4

Figure 2. Geographical demographics of included RCTs.

RCT, randomised controlled trials.

(n=9), Camellia sinensis as a single herb (n=5)
and in mixture (z=4). Only one study utilised an
injectable form for administering the herbal med-
icine, whereas the others (7=96) used oral for-
mulations in various forms such as tablets,
capsules, gel, powder, granules, decoction, oral
spray, syrup, seeds, cereal, confection or served as
a beverage. Two studies did not provide informa-
tion about the type of formulation used. Details
of the herbal interventions included RCTs were
presented in Table 1.

Lifestyle modifications

For adjunct treatments, we categorized the
included studies into the following groups: (1)
without lifestyle modifications, (2) diet only, (3)
exercise only and (4) both diet and exercise
implementation. The distribution of studies

across these categories is shown in Figure 3. The
majority of studies incorporated dietary modifica-
tions, with restricted calorie diet being the most
frequently implemented (z=35), followed by a
food-portion controlled diet (z=7) and fixed calo-
rie diet (n=7). Additionally, 23 studies adopted a

RUSSIA

Crantad with manchart nat

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

THERAPEUTIC ADVANCES in

Chronic Disease

Volume 16

[panunuoy)
ued|
(yadeis) ogadeld 19198 syaamg ‘bulggg ulyoaled ‘bul gog Ba) usalg gJay a)buig ¢7(0202) 1UI9SSOH Ll
uemie |
(1@1EM) OQBdE)d abelanag SY99M 9 |W (7 10BJIXD B}eINDI}SL SNIYID) gJay a1buig (120Z) ur ol
shepzl1 *@7-wnsnaig bw o9 (z) ‘aH
(8s01n7192 BuleISAID -wnsnayg bwigpzl (1) 1oed1xa (1004) erjojibuo) ewosfing 1uodndepy VSN
1Ayraw) ogadeld ainsde) pue 1oeJIX® (}NJ)) 0SSIY eiwebiaq snij) ajuowebiag :wnsnayg INIXIN 97(1202) @2ueH 6
(sawn ¢ pajeadal ‘yeauq yoam-g BlUBWOY
0gadeld ainsde) ‘Juswiieal) yeam-z) syjuow ¢ bwigze 921l pasijieishio xose) a0y gJay 916uIg ¢»(120Z) uogdayg )
ueder
ogadeld 19198 | syeamg ‘bul g/ z¢ aieulb)y :uepmod dyay pajloq eojuodel elieuiwe] gJay a)buig 7(1202) 0y /
enedisny
(ul3xapoyew) ogadeld ainsde) syeam 9| ‘b gy wnyAydejuad ewwaisoufn odNVAIIY gJay a1buig ¢7(2202) oey 9
syoamuyg ‘payiodal
10U 850(] ‘983]BJ0SH SNJINI- pue aeuuas wnijo ‘1b6aejesy snjoni BUIYD
(Ya4e1s) ogadeld 121qe]  ‘8ezIyLIon]Ip SBIAIES XIpeY ‘siuiquin)aN wnijo4 ‘6 ge Yy sie1qe) uepay JINIXIN wlceoz) nin g
(Yodels
6/ z pue uapmod paas uemie|
eisse) bg Q) ogaoed Japmod syaam9g ‘bw goog Joapmod pass erjojisniqo eisse) gJay a1buig 17(2202) 997 Y
02IX3aN
(e1saubew 0(¢202)
paulied) 0gadeld ainsde) syeamg| ‘bwoQg enueseyds edipiowop qJay 91buig 9)9JJBABN-Z3}J0) IS
skep g ‘6 G| JBIDBU BIBJIOW
sidy ‘6| awoziyd ajeurdijo 4aqibuiz ‘6| 1004 wnaedoina wniesy
‘6| spaas suajoaresb wnidy ‘6| ‘YJeq eissed wnwoweuul)
‘6| wais 1buz (7) wnwesjeqodo esoydiwwo) ‘6oz SHNJY palIp
ainjew wnbuoj ‘4 ‘6 ggz diesidad 1noyyim 3indy patup wnibiu o elpu|
Aep/bw gz uneisealoly 199 ‘6 00z 3InJ} paldp aunyew wnubiu sadid ‘6| nejeieq ysiiemer SINIXIN «c(2202) Uy z
salwwnb 1zedg
1eaW paasxel} usapjog  AJauoldajuo) shep| ‘Bw Qg saiwwinb siaqny oefuoy snjjeydoydiowy gJay 91buIS  ¢(£202) SopueUIa L
saJinixiw uone’oT
Jojesedwo)n uone)nw.ao (uonjeuanp !asop Ajlep) uoljuaAlalul jeqlaH /943y 916uis Apnis  "oN

S| Oy pPapndul JO S)ie}ap uoljusAdalul (eqJaH | @]1qelL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

JSW Chan, MS Lau et al.

(panunuo))
(dnoneyy ued|
yum 1nyboA) ogadeld spaag syeamg {(60g1L) 1nyboA yym paxiw ‘swelbg| spass yeaibnuay gJay a1buis  4(8107) uBwejoy9 €z
(p101As pue syeam9| {(bw g9 ebuo) ewnainy pue bw g 1b1usoy elpu|
yoJels aziew) ogadeld ainsde) efesunyy ‘b Q9g e49)19)0 ebulio)y :102BPUS]S/IUBAWINS/4800G8I] 9JNIXIN «(8102) ¥xi1a YA
(syusidioxs syeamz| ‘buipgg :esop-moT ‘Bupgsl Auewdag
pJepue)s) 0gadeld ainsde) :asop YbiH ‘spod eux0 910ym snjuajnasa snyasow)aqy ‘g0l -3Iv-dol BUNIXIN  g5(6102Z) M2BY1999N 4
syyuow g ‘b gpog
ejeydu | /buigogg pewt] :9saqo (g) ‘buiggog ereydil | /6w goog
pewld] :ybiamiano (|) ‘s)inuy eaqua snyjuenfyd pue esinjaq |
‘ejngqayo eneujwJa] :buigog e1eydid] ‘syood eojuejfez obequini4 elpu|
(ul43x3p) 0gade|d 1o10e | pue s}InJy saqlJ eljaquig ‘suagny snpunjod sniadA9 :bw gog pewid | SUNIXIN 15(6102) @junies 0Z
(dJepmod SyaaMZ| ueder
UoIUO 8}Iym) 0gqade|d Japmod ‘Bwi g9 auodkbe unpeasanb bw ggog Jopmod uoluo yol-ui3adJany gJay 91buIS  45(610Z) BANWIYSIN 61
uteds
(uli1xapoyjew) 0gadeld ainsde) syaamg| ‘bul Qg 10BJIXd paas snnuue snyjuelay gJay a1buig 5(6102) 48111887 8l
(ul3xapoyew
a1qnsabipur ‘uapmod B940Y|
Ae11eq payeq) ogaded ainsde)y  syeamg| :Buigz|pl uoluo paweays nfar pasAjoaphy :bw oLz OHINO qlay e1buls 75(6102) Buoar Ll
(4noyy ued|
183YM 31lym) 0gade]d a|nsde) SY99M 9 }INJj (2BWNSG) "7 eLelod snyy buigoo| gday a16uig e5(6102) 14ephaH 91
ued|
(payodad jou) ogadeld a|nsde) shkep | 1oedixa Audagmedys bu goz gJay 9)buig 2¢(6102) pewal] Gl
syjuow ¢ ‘sawnba) ueisied
palIp ejnjsij eissey ‘S}004 wnjepnuap wniuiydiadq ‘sy004 sn)sod 16(0202)
(24ndIseld) ogadeld a)nsde) £94NSSNES ‘}0B1IXd PalIp ejeriquiy ewn)jele) :bw gogl 94n29saqQ SUNIXIN uewyaddnzery v
S)eaMg | ‘sIsuajeln eziydifof19 buigLg
‘eJ0)j1308] BIU03EL BW QOO | ‘X33402 [woweuul) Bw ggQ| ‘Uawas Si1210)
(2184pAY 950108) Bbw geee ‘eq vy ewoziyd sipojfioesny bwgeg| ‘xipey snuebib eonabuy B240Y
‘yaJe)s ul0d) ogadeld ajnuesg bw ggg| ‘yders eomurs espayd3g bwgggl bw ggeg buey-uihing 9UNIXIN 05(0202) uoayy el
SYEEIYAN
19WAXxo ued|
1w oz ut Wz buigoog () 19wAxo Jwigz ut Nz Burpogl (1) t4e1em 47(0207)
19WAXQ dnufg ‘Jebauln ‘aebns “ssiog esojjnw erejez :dniks 19wAxo elieiez gJay a1buig Iwaseybjoqy A
saJnixiw uole’o0]
Jojesedwo) uoljejnw.io4 (uone.anp !asop Ajlep) uoljuaAlalul jeqlay /943y 91b6uis Apnls  ‘oN

(PenuURUOY) | 31qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

THERAPEUTIC ADVANCES in

Chronic Disease

Volume 16

[panunuoy)

(3uswiealy

syeamg| ‘bw ool

beyj

1noym) ogadeld ainsde) auniuled-7 (Z) ‘e00G Sau01ay aind bw Qg sauolay Auisqdsey (|) gJay a1bulg ¢.(6102) 1eBZRBYY 9¢
ueder
SY83Mz| W 0GE 24(9102) 'ysedkeqoy
ogadeld abelanag ‘bwge YgHW ‘sioedixa doy padniew ] snndn) snjnwng gJay a)buig -0J0WIION Ge
syaamg ‘bw gpGz {S1orIIXd £3.40Y}
(YyoaJels) ogadeld a)nsde) e1s9) ueagAos ¥oe)q-yoid uluehdoyiuy :¢ "oN elbuoyg/xew auiof)g gJay 91buig 1£(9102) @97 ve
(8so1n)18d syaam9| ‘bw goz puld yindy euejsobuew ejuioieq elpu|
auneisAiooaoiw) ogadeld ainsde) ‘B g9 10BJIXD SpEAY JOMOY} SN2IpUl SNyjueIaeyds UIJ}eIaN INIXIN 0,(9102) nuebipny ee
(/6 %1) ued|
Jajem Buryulip ul 8duassa 9(9102)
Aeme.ed a1q1pa) 0gade)d abeianag skep Qg ‘W Qg " 1482 wnie) kemele) gJay a)buig Joodiwazey A
vsn
(uldIxap) 0gadeld TN syeam Qg ‘bw goog 10rJIXa BB Jand gJay a1bulg 9(910Z) ussuar L
(Yoders
‘JOAB)} 1BQJBY YUl pinbs syaamg ' wnjewjed wnayy ‘S1713
‘apiwog.edolynAuayd) sopioujwsel ejuapies ‘1| HYIYdNY asusinwe uoipuapo)jayd ‘ONIMYIN e910Y|
0gadeld a|nsdey  esuodel sndo) ‘|9y4039 sIsuajeaieq eiie))ainas :bw ggs ueq anxbuip BINIXIN 19(9102) Buny) 0¢e
ued|
(Yo4els) 0gadeld 19198 syeamg| :bw ool sisuareld eunnids qlay 9buls  g(L10Z) uBNRUIBZ 6T
Japmod
peas elyd pue
pea.Jq pasnjul epeue)
(uedq ieoj ogadeld -pass elyy syyuow 9 ‘Aep/1e2%000L/b 0E 7 ea/uedsyy eines eiyd-eqies qlay e1buis g9(£10C) uBSYNA 8¢
s)eamg|
‘(bw 009) ulIxap01242 ‘(g:Z:G) 8po( S/JeuIdIjo eIPOAT ‘YdIAOMIRN 2310}
pajiodad JoN 19198 niysun snJjry ‘sioaneaq ealpunfo ejesadwy (buigogl) Z1S-AA INIXIN 9(4102) 04D LT
(@1e4pAYyoUOW 350)0R) ued|
pue ya.ejsj ogadeld o198 L syeamg| bwgpog sisuaserd eurnuids gianaids qJay 916uIs £9(8102) JoSNOA 9¢
syeamg| bwgg| suepded eisiwally ‘buly |9 e2J0Y|
(ulixap) ogadeld aInsde) 1 sijeurnyjo essiap ‘buigzL9 7 eqie sniop :bw pgeL X-40 SUNIXIN 29(8107) Buey °14
(burinoyod jaweled pue ueder
110 81ge}aban) ogadeld a|nsde) syeamy| ‘buw g s)jAydoyjuex eyuded :x1udeq 3INIXIN 19(8102) lueinyey vz
sainixjw uonedlo’
Jojesedwo) uonejnw.ao4 (uoneanp !asop Ajiep) uonuaAialul jequay /4943y 81buis Apms  -oN

(PenuUnRUOY) | 31qeL

journals.sagepub.com/home/taj

10


https://journals.sagepub.com/home/taj

JSW Chan, MS Lau et al.

[panunuo))

(dnoAe)y Auuaq

BaJ0Y

‘aplieyaoesobijo) ogadeld abeuanag syjyuow Z \w G| ul 689 xipes ipodfie)4 pue xipe. aelie})ainds 9UNIXIN 9(£102) 042 bY
syyuow ¢ ‘buigog
(nyo83e0 e1oedYy) 1A eUBYY JIpRYY (€] ‘bW o] (B044nY ezIy04d]d) elpu|
(4n0y} 1eBYM) OG8RI a|nsde) 1eA Meny (g) ‘bw ool (wnuigelund wnjjeydsy) nea nyele)iys (|) 9UNIXIN ¢s(€102) ybuis 8y
syoamg ‘bul 9 10eJIXd palup wnibiu ‘o ‘G 110 1BIJUSSSS JuUIW
pajeinsdesusoudipy ‘Bul g JoeIIXD palIp eAljes wnijy ‘Bwi gl | 10eJIxe
palIp snsojnaisaA snan4 ‘bui gog auiule)- ‘bw gl uisaloa)o
wnuue wnaisdey payeinsdesusoldipy ‘bw gog sepidioydsoyd ehos Rey
(payodau jou) ogadeld ainsde) Y}IM PaxIW ‘}OBJIXS PalIp PBJBUIBYRIDP SISUBUIS eljjawe) 1|490 Y UNIXIN  45(€102) N1dUEpUOY LY
syyuow z ‘Aep/bog :¢ dnoug ‘Aep/bg| :z dnoug Aep/b g :| dnoug elAg
aUON Japmod Japmod siinuy palip agninf snydAziz gJay a1buig ¢s(€102) eJRISON 9%
((1/6 %1) ued|
Jajem buiyuldp ul 9dUassa 28(€102)
Aemeued a1q1ps) ogadeld abeldanag Syjuow g ju gg MJed "y Aemede) gJay a1bulg Joodiwazey Gy
(@so1n)8d Auewuag
auneisAio0.oiw) ogaseld 1|1qe] syeamz| b pQog ealpui-snay enundQ SYZ00-9 dOI dUIWEIT qJay a16uis 18(€102) 9n49 Va4
uemie|
(payodau jou) ogadeld 189499 syeamg| ‘b G/ 1eadad jeo bujuieyuod-ueon)b eyag qJay a1buig 0s(€102) Buey) ey
eneJdisny
(ull}xapoyjew) ogsdeld a|nsde) syeamg| bw ool eerquiy 9 qlay e1buig (€102) NBISY ey
(uonoodap syeamug ‘pajiodad jou asoQg BUIYy)
10 %01) 49XMX 8S0pP-M0T] Uo1}2029(Q  ‘WNIJUBINE SNJ}ID PUB BISSED UBWAS ‘s13dod ‘gqdeqnyd :Jw g%g 49XX BINIXIN 8,(7102) noyz LY
syeamg| 19993 Jo bui |z ‘auleyyed buiygg)
pesJq ‘peauq aki 69¢ :uswi (z) ‘9093 buigggl ‘auteyed bwz ezl puejod
peaJq aky a/J payolaug ‘peauq ah1 B gz :uswom (|) :peauq 8kl paydiius-1oelixs es) usalg gJay a1buig 1(6102) exstaleg o
juawalddns J1zeag
(4n0y} 1eBYM) 0gadEId Aieyaiq syeamg| ‘b Gg 4noyy elyd eojuedsiy einjes gJay a1bulg 9,(G10Z) ouedso| 6€
(paylodau jou) 0gadeld (g) ued|
buw ozl 1215140 (1) ainsde) syaamg bul Qg 110 1e1IuUaSSS WwnuiwAd uiwng gJay 1buls  ¢,(5102) yspeziybe| 8¢
eaJ0y|
pajlodad joN a|nsde) syaamg| ‘bwqg|g sisuaiienbesed xaj| gJay 9)buig 7(G10Z) Wiy LS
saJnixjw uoned’oT
Jojesedwo) uone)nw.ao (uonjeanp ‘asop Ajlep) uoljuaAlalul jeqlay /943y 916uls Apnis  "oN

(PenuURUOY) | 31qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

THERAPEUTIC ADVANCES in

Chronic Disease

Volume 16

[panunuo))

(dnoAeyy
UOWad) ‘2 UIWEYA ‘pIoe
314312 ‘9PII0JYD WNIPOS

‘9501BJINS ‘UlI}XaP syeamg| ‘Aep/dQ3-bw vy :esop £3.0)Y]
‘95010N4J) 0gade|d abeuanag ybiy (z) ‘Aep/do3-bwi g/ :asop moy (1) ‘sjousydAjod eaed eiuopyog gJay a1buIg 16(2102) ulys 09
(91eJED)S
wnisaubew ‘asojnyjed syaamMg ‘bul gyg 1o0edixa elpu|
aul1eIsAi20401W) 0gadeld ainsdey  paas snJojyiq soyanog ‘bui 9 10eUIXD JBD) 91399 'd 11 YMOT/4€060117 BINIXIN 96(2102) e3dnbUag 65
syeamg {(bw g ebuo) elpu|
0g9de]d aInsde) "0 pue buig/z 11biusoy p ‘6w gyg esayia)o ) uiwoadipy/48005817 SINIXIN 56(2102) e3dnbuag 89
Syoamg uooJawe)
0gadeld ainsde) !sisuauls 'y ‘xew ‘9 ‘bui gzl uolyeInwWJoy siieinbueipenb snssi) gJay a1buig (2102) S50y LS
Syeamy
‘Aep Jad sawly G ‘awly
yoea sheuds jedo ¢ (yrewey ebyy jo brige ‘yue ] euednd ejuined
jo bw gG'y ‘snwiA)joos eseuf jo Bui g/ g ‘9jeuidijo wnaexele| Jo
Buiz 1| 7 eanerse egjaquag jo b /| | ‘enojanduwis eiuoyiig jo Aey
(siuaididxa) ogade)d Keads 1edg Buwi ¥z 01) S10eJ1X3 1EDIURYOq WO 4| H -G Bulurejuod sAeuds jeaq AUINMIXIN  (2102Z) Mauepuoy 9G
syeamg| ‘eaiuoder esoydos ‘efjojisniqo eleJisny
(Yseis 1eguay) ogadeld ainsde) 0 ‘(dureyed bui/g| ‘9993 bwy|g) Bw goyg sisuauls g w0L-WOY INIXIN z6(C10¢) uouaT 1]
Uo0I309}u0d ued|
paylodau JoN 1eqJaH syiuow g ‘Aep/b | eaqua 4 ‘edls)jeq | ‘engayd ‘| aiybes jejii) SINIXIN 16(C102) hewey VA
elpuj
pajlodad joN 191den syjuow  ‘payodad jou asop ‘etboquied g gJay 9)buig 06(£102) Ayredia] £q
syeamg| ‘6Gz | ewoziyy mouriele|
1402y pue 6Gz| 1pooAierd xipey ‘6 Gz"| oeupaydy eqiaH ‘b Gz'| 1agn)
sidoru7 ‘'6Ggz | snjond4 aespuesiyds ‘b gz iueydey uawas ‘6G/ ¢ B30}
0gade)d sajnuedg  aeauejse) uawas ‘b G/ ¢ s1109 uawas 6/ | oorL buey-imolwnase | SUNIXIN s(€102) d4ed 78
S}9amg vsn
pajJodad joN ainsde) ‘Bw 9oz spuld yinJy euejsobuew ‘g ‘bul g9 Speay Jamoyy snaipul 'S 3JNIXIN gs(€102) UIa1S G
S}oamg vsn
pajiodaJ JoN ainsde) ‘bw gz spuld 3inJy eueysobuew 9 ‘BuigQ9 Speay Jamoy} snaipul S BINIXIN 18(€102) uia1s 05
saJnixiw uol}e’o0]
Jojesedwo) uoljejnw.io4 (uonje.anp !asop Ajlep) uoljuaAlalul jeqlay /943y 9buis Apnls  ‘oN

(PenuUnRUOY) | 31qeL

journals.sagepub.com/home/taj

12


https://journals.sagepub.com/home/taj

JSW Chan, MS Lau et al.

[panunuoy)

(dwnyaad Jspmod uaalib

skep s
Buige | /Bw9gg (€] ‘Bw 9z | /Buigyy

euy)

‘Jes) usaub) ogadeld ea| (2) ‘bwvQ|/Bwiggy (1) ‘aulayed/uiydsied ‘es) Jea) sIsuauls *) gJay a)buig 801(0102) Buepm L/
vsn
19219.1d payes pass syeamz| ‘6¢g soryoessid payjes quay a16uIs £01(0102) 1N 0L
(95011192 Syoamg aouel
auleysAi20421n) 0gadeld ainsde) ‘bw g 9/ | 1894211ES J0BIIXD BWDIIS UOJYES PALIP ] SNAIES SNJ04) gJay a1buig 90,(0102Z) In09 69
douel
(siuaidioxa) ogadeld 1198 S}99M 9 ‘bW 9/ | | 10BIIXD Paads ] wniaesb-wnuaoy e))auohii| gJay 31buIS  ¢0,(010Z) SNsseAsy) 89
syeamg !Aep/iajem
a)nsded jo sdn> v pue sajnsded g ‘9993 bw g9y :s10eUIXS B3} UBRI] (Z) VSN
Jai1epM ‘abedanag ‘syeamg ‘Aep/sdnay ‘9993 bui gy :ebelansq ea) usaug (| ) gJay a1buig »0.(010Z) nseg 19
eoll!Ze4g
(Pa18343UN) 1043U0) abelanag sKep 06 W 0QG (X149 0G9) @2inl sbuelo palelusdu0d Uszol gJay a1bulg (0102) uuewyaidy 99
juawalddns eleJisny
(squiniopeauq) ogadeld 2414 syeamg| ‘bz wnAsd erero obejueld 1onwels|y gJay a1buig 201(110Z) 1ed g9
syeamg :bw g :||| dnodg (g) ‘Bw oz ueder
(19weJsed) ogade)d ay| o198 i|1 dnoug (z) ‘bwigQl :| dnoug (|) :39BJIXS SO [IUOSWOY] delieland gJay a1buig 101(1102) eAiwey %9
spueldayiaN
0gadeld sbesanag shepg| *bwgzzg 10e43xd paylind jiuopLob eipooy gqlay 9)buis oot(L10Z) Woig £9
(483eM payLind jo 1w og Ul skepy| Joy Ajlep \w oz @dinfl wnieqieq 7 g 1l (g)
1Nn0)02 19WeJed pue pioe Kep
D1I)D “JOoAB)) HINJy eIdlIIe }59} 8y} U0 ddu0 ‘ddInf wnJeq.ieq 7 1W-0Z| 10 -09 40 Og :| 18l (L) vsn
‘950]eJ2NS) 0g3e]d abeuanag t92In[ }in4y wnieqieq wnidoA7 1yHo9 gJay a1buig (1 10Z) @sebewy 29
poliad Jno-ysem e se saseyd usamiag (¥2am Yig) |eAIIUI Yaam-auQ
"yb1y) 1a) BY) UO SHUBWIIRSI) N0 ((6—9 SHIIM] || 3Seyd
"yb1yy 1yb1 8y} U0 syUBWIIRAI] UNOH ((7—| SHIIM] | 8SBY
"A)¥@9M pa}oNpuod aJe Sjuswiead |
‘|B10} Ul sjuawiieal) Adedaylosaw 1ybig
‘(anbiuysa) abeddeu) eaue wd | x wd | Jad paiaisiuiuipe 22 |0°Q
‘(anbiuysa) julod Aq juiod) BaUe WD G X WD G J9A0 PaJ8)SIUILIPE 22 7°(
:pasn sanbiuyoay om|
"pash 10eJIXa 1eqJaH
"paJaisiuiwpe (6+49070) W g :uonaalu] £3.0Y
pajead}-auleg uonoalul ea) usadb pue eapayd3 jequay JNIXIN 86(2102) Buos 19
saJnixiw uole’o’]
Jojesedwo) uolje)nw.o4 (uoneanp !asop Ajiep) uonjuaAIslul 1eqISH /949y 9)16uls Apnls  "oN

(PenuURUOY) | 31qeL

13

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

THERAPEUTIC ADVANCES in

Chronic Disease

Volume 16

(panunuoy)
‘pajdodad S)9aMG| eIssny
0gadeld jou/10edIX3  Bw gy sidejosAuyo enpaeyiabug ‘bw oGy ealnyspuew enedy :xojeldy gJay a1buig 021(9002) AopIqy €8
BIUB WY
(elpaw S ‘yolels skep 09 ‘ejeqopo -9 pue sfeuldiyjo 611(£002)
ojejod ‘as03oe]) 0g9IRd 11098 "7 ‘eusasewep "y ‘epiwoweyd w ‘bu 94g eiboquied ‘9 g4EEWNS SUNIXIN ueAuewolo]| Z8
puejeyl
811(£00)
pajlodad joN Japmod Syeamg ‘bwi G| | 10BJIIXS PUld }IN} SIPLIIAOIE gJay 91buig Buodiyinsidbuooy 18
sysamyz 6y°z/6w o9 (¢) ‘bz 1/bwoe
(1) ‘UonBUIqWO0D Y9- N V9 Y}M pauiquiod ‘dliawlny pue abes vsn
0gade)ld }oeJdyx3 pad ‘snebedyse ‘uabuib ‘gaeqnyd :juswaiddns jequay Aueyaip e ‘| N SJNIXIN 11(£002) SHaqoy 08
elpuj
0gade|d 8|nsdeg skep 9 ‘6w ool ererquy 9 qiayelbuls  g,(£007) uBALNY 4L
syeamQ| ‘9]-09 bwog (z) ‘DD bwQog (1) ‘1oBJ1X8 pass sisuauoqeb uooJawe)
pailodal joN ainsde) eibuiry) | £1909] ‘BlnWJI0y siuejnbuelpenb snssi) 00E-¥DD BINIXIN ¢11(8002) U290 8/
syeamg ‘auldpaydaopnasd bwgg g ‘bwggoz eoruls '3 B340}
(Y24e1s u102) 0gadeld aInsde) {(Bw99-g auldiedaeini ‘suiwelponrs bui/ ‘6w goog edsezeeini eiporg 2UNIXIN 711(800Z) Wy LL
uejsiyed
(@1830B) WNIDRD) 0g3de]d ainsde) SyeaM9 ‘bw gooz Paas eanes e))abiN gJay a1buig ¢11(6002Z) 1empIp 9/
uooJawe)
(ul}xapoyew) ogadeld ainsde) syaamQ| ‘bul Qg 10eJ1xa paas sisuauogeb eibuindl | gL 09| gJay a1buig 211(6002) 1puobN G/
%01 @ulia246 pue
%G SUlJBYII.S ‘98" |
9s01N11921Ay1awAxoqgied
‘%G°C P1oe dleie)
{(A/M) S9ANIPPE skep oz ‘Aep/iybram
Buimonio) ays yaim Apoq 6%/504 6¥1°0 :z dnoug (g) Aep/aybrem Apoq 6%/504 66270 eunuabuy
paJedald sem dnuhs ay| dnufg i1 dnoug (1) :dnuAs s3004 UOIBA “|pUT @ SNIJOJIYIUOS SNYIUBIIBWS gJay a)buig 111(6002) B1UB9 v/
shkep g 10BJIXD Rey
(Auo 131p) ogadely 191qe] 8} UdaUb aWo0s0}Ayd 08195 UBBIY bW Qg eBINBWER] }09]19SOUON gJday a1bulg 011(6002) 044314 el
(Y24e)s paseq-ulod syaamg ‘bui g9 Rey
‘anoyy Aos 1ej-moj) 1043U0Q lapmod  ulyyoe) Aos ‘Bz | Ge Inoyj Aos 1e4-mo) {6 g UoIBINWIOY }09}4BIN|G gJay a1buig ¢01(6002) 042199 ZL
salnixiw uol}es’o]
Jojesedwo) uoljejnw.io4 (uonjeuanp !asop Ajlep) uoljusAialul jeqiay /949y 3)16uls Apnls  "oN

(PenuUnRUOY) | 31qeL

journals.sagepub.com/home/taj

14


https://journals.sagepub.com/home/taj

JSW Chan, MS Lau et al.

[panunuoy)

ogaoe)d :||| aseyd

(snid ) ogadeyd :|| aseyd
syonpoJd

1eqJay jsod yoam | Jaye

(dnoJb yuswiealy 03 118AU0D 0gade)d) syjuow 9 ‘(dnoub juswieasy
1eulblio) syjuow ¢ :bw g/ edpayds ‘Buiglg aulayed ||| aseyd
‘'syjuow ¢ ‘buizy eapayda ‘Buiglz aulaed || aseyd

‘|| @seyd aJojaq 1noysem yaam-| e Aq pamoljo} ‘1uede

399M | SUOISEID0 g uo ‘Btz edpayda ‘Bl g/ aulayyed :| aseyd
Buiyg

vsn

s)id ogaoeyd 7 :| eseyd a|nsde) edpayda ‘bwi g/ aulayed ‘ediuis g ‘epniu ejo) :3uswayddns Aieyaig SUNIXIN  g71(7002) Aemuaalg 16
syeamg| :bw ppg eqie xies ‘(aulayes buzgl) bw ggg vsn
pajiodad joN 191deg epiu ejog ‘(spioiexe aulipayds buigz) bui gy, eajuis '3 aINIXIN 121(7002) £3)400 06
uooJawe)
(uedq jeo0) 0gadeld ainsde) S)aaM ¥ ‘bW QG| E 10BIIXD Paas sisuauogeb elbuindl gJay a1buig 921(S002) IPUobN 68
syaamg|
‘pajdodal jou 8so( ‘3seak wniwody) pue eboquied 9 ‘spod ueaq
Aaupl1y o s}oedIx] iz 191qe] ‘sueaq Aauply ‘ajew eqJdak ‘euesenb puejod
0gade)d o198 ‘ed} Yoe)q ‘ea) usadb ‘snbesedse jo spoedIx3 1| }1919E ] EUIHIIINU SJNIXIN 21(9002) e1RdQO 88
syjuow 4
(@1nsded ji0 uJod ‘spioe Aj3e) g-ebawo ‘sjedauiw ‘sulwellA jo ainixiw Aduayod ybiy
‘u19)n) 4O JUNOWe 1ews ‘bw Q| aulayyed bw gy spiojey e edpaydas ‘euednd 4 ‘edjuis 3 VSN
‘}91qe) 8501N192) 0gade]d yo1de) ‘JoeJIxa B8} usadb sisusuis *y ‘elboqued g juswaiddns Aueysiq BUNIXIN  42,(9002) UBWNOEBH /8
‘poliad yoam-g e JaA0 paje|edsa sem asop ayl ‘bz IN palp
-9z994j :¢ dnodg 6 9 | N paldp-paq :z dnoig 69 | N palip-9zaad}
:| dnoug (sneurdyyjo siiaqibuiz ewoziyd) Jabuib palp 9/.-%9 pue
(286U0] 8BWNIIND BWIOZIYL) IIIBWIINY %/ 7-9%,97 ‘(9BZIYJI0N]I) BEIAIES
xipey) 1004 abes pal o,g°¢| ‘(1ebesise xipey) 1004 snjebedise e g vsn
0gade)ld ainsde) ‘(19Y4 BUWIOZIY 13 XIpeJ) WB)S PUB }00J qJeqnyd % 0% 0| Jaquinn UNIXIN  ¢7,(900Z) Aemuaalg 98
syoamg ‘buw g9 auluydajhuayd :|| Apnis 10114
syeamg Aep e 8d1m] bwiG/g ‘(uibulieu
pue auljuled- ‘aulsolA)-) pusigouwltayy abieyd Aeysiudoud
pue ‘buig] ‘yood uabuib buigg ‘(urdnes jo buig /) 19e41X3 ydeq
MOYIM B)YM B g ‘(auldydauds jo b g) sbueso Jaiq bwggg
‘(aulayyed jo Buige ) 1oedxa eURIEND BW OQZ ‘(9D9T %GY ‘SUIYIIED
%06 ‘sjouaydAjod ,G4) 10e41XD Jea) ea) usaub Bbuw gy ‘pioe vSn
0gadeld a|nsde) sluayjoiued :(auniydajAuayd jeqaay) wniuesne snayig °| Apnis 10id QUNIXIN  771(9002) Aemuaalg G8
ey
(UlIX3poNey) 0gade)d ainsde) sAep 09 ‘bul oY 10B11X3 994400 UBBIH PAIEUIBYEIIP §]0}OAS gJay 91buIs  7,(900Z) e42qnenaq 8
saJnixjw uole’o’
Jojesedwo) uolje)nw.io4 (uoneunp !asop Ajiep) uonjuaAIslul 1eqIdH /949y 9)16uls Apnls  "oN

(PenuURUOY) | 31qeL

15

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Volume 16

‘ueydoydAuAxolpAy-g * -q ‘bueq-oeg-oeix-nr-ury * !S)e1J) Pa])041u0d pasiwopued ‘s ‘pioe oeb ‘yo ‘sjuaipalbul pooy aAIdEOIq JO UOIIRUIQUIOD !
y PAY-G ‘dIH-G 4-0B9-0BIX-N-UIX "{OX(X -S]el} pa)) pasiwop 10y -p! neb ‘y9 P 1 P00y} BAI 194 ljeulq 1490

vsn
(syuaipasbul (8661)
1Jaul) 0gadeld 191de) syeamz| ‘yOH Aep/bw gog| Aep/bwi gpog 1oe41X0 Brboquied g gJay a)buig ocLP191JSWABH b6
EXEELIYAS vsn
pajiodaJ JoN 191de) 'WOH bw ozl ‘bw oy 1oedixe duesruad palup elboquwed g guidi) gJay a1buig ¢1(0002) senen 86
(syuaipalbul Syoamg VSN
14aul) 0gaded 1919eL ‘auayjes b gz ‘spiojexie autipayda buiz/ teL9GE-241100RIDN SUNIXIN »¢.(100¢) 41920094 L6
syjyuow g | ‘ssajnsded ¢ (g)
‘skep gv ‘sensded ¢ ()
‘skepq| ‘se|nsded ¢ (1)
‘bw 9 (10e11X8 JE3) BOEISIpOIYdE “IBA BSNYJIp
(S3U3U0D esaun]) euelweq ‘buige (30e41X3 Spass euednd ‘4) euedeng ‘buiz| | yJewuaqg
95012e)) 0g3de]d ainsde) (¥2e11X3 SaAeD) sisuadenbesed xa)/) a1e | 8qJaj :9)nsded yoes oA QUNIXIN  ¢e1(100Z) UdsIapuy 96
(enene syuow 9 vsn
‘BJIYls '9s01N)182) 0gade]d o198 L ‘aulajyed buize| ‘sprojexie autipayda bwi g ‘epriu ejog ‘esluss g SINIXIN 2¢1(¢00¢) 492009 G6
S}99M 9 ] UIWEBYA ‘a4)SaA)As ewauwAo epeue)
(dnoyy 8211) ogadeld ainsde) ‘yoaJbnuaj ‘uesollyd ‘ueuuewodn)b :bw gg| v uswaddns Aueyaig UNIXIN  1¢,(£002) @16pOOp 76
vsn
pajiodad JoN pajJiodau jJoN syaamg ‘bul gpQg 10.JIXd Siiebina snjoaseyd .z 9seyd gJay a1buig 0c1(7002) uepn €6
ESYEEY 74
‘aulajed bw ggg ‘auldpayda buw vz ‘eaids aejadauoziyog ‘snponiH ueder
0gade)d yedixa AuQ aelyifsio ‘xipey aeziy.tifoA)9 ‘equal seipaydy :ues-oysnsy-njog SUNIXIN ¢21(7002) 1OIH Z6
salnixiw uol}e’o]
Jojeaedwo) uolje)nw.io4 (uoneunp !asop Ajlep) uoljuaAialul jeqiay /949y 9)16ul1s Apnls  "oN

THERAPEUTIC ADVANCES in

Chronic Disease

(PenuUnRUOY) | 31qeL

journals.sagepub.com/home/taj

16


https://journals.sagepub.com/home/taj

JSW Chan, MS Lau et al.

Exercise Only
71%

Diet Control Only
28.3%

21.2%

Figure 3. Lifestyle modifications in included studies.

multidisciplinary approach involving a dietitian,
nutritionist, or exercise physiologist.43,58,59,62-65,73,
74,77,86,93,102-105,107,112,117,122,123,126,128 Among Stud—
ies incorporating exercise, two included RCTs
used light intensity, 22 used moderate intensity,
and four studies used a combination of moderate
to vigorous intensity. Detailed information on
lifestyle modifications in the included RCTs is
shown in Table 2.

Measurement methods for

obesity-related parameters

The measurement methods utilised in the
included RCTs consisted of physical body meas-
urements, radiological tools, laboratory tests and
others. These measurements are used to assess
the changes in patient’s metabolic profile. All
included RCTs (#=99) utilised both BMI and
weight as their main outcome measurement. Over
50% of the studies measured body fat composi-
tion using a body analyser (z=57). Other anthro-
pometry  measurements such as  waist
circumference, hip circumference and abdominal
circumference were not routinely measured.

As for the radiological tools used to assess obe-
sity-related  parameters, DEXA (n=16),
Computed Tomography (CT scans) (r=10) and
ultrasound (z=2) were used. The utilisation of
radiological measurements, including DEXA,

Diet Control and Exercise Combined

Without Lifestyle Interventions
43.4%

CT scans and ultrasound, in the evaluation of
obesity-related parameters provide more detailed
information about the distribution and composi-
tion of body fat, as well as other related factors.

Majority 87% (n=286) of the studies utilised labo-
ratory test for biosampling including blood and
urine. These laboratory assessments include the
lipid profile which is the most commonly used
biochemical test to be conducted during anti-
obesity study. Apart from that, the studies utilised
hormone tests such as insulin, adiponectin, thy-
roid hormone, testosterone, cortisol and leptin;
urinalysis; inflammatory markers such as
C-reactive protein, interleukin 6 and plasma
fibrinogen; oxidative stress markers such as lipid
peroxidation levels, plasma antioxidant capacity,
glutathione; and nutrition profile such as vitamin
panels and glycoalbumin.

The methods of measurement of obesity-related
parameters are shown in Table 3.

Approximately 47% (n=46) of the studies
employed questionnaires to assess participants’
dietary and nutritional intake, along with their
appetite, mood and overall well-being. These
include the Food Frequency Questionnaires,
3-day food records, 24-h dietary recalls, food his-
tory questionnaires, food compliance question-
naires, dietary composition analysis using
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Table 2. Diet, exercise and combination adjunctive interventions.

Author (year) Diet Exercise
Restricted Fixed calorie = Food portion- Light Moderate Moderate to vigorous
calorie diet diet controlled diet intensity intensity intensity

Cheon (2020]%° v

Leverrier (2019)%
Uebelhack (2019)58
Yousefi (2018)¢3

Cho (2017)64

Vuksan (2017)é5
Kudiganti (2016])70
Khazaal (2015)7
Astell (2013)7

Chang (2013)80
Rondanelli (2012)3
Ross (2012)%

Li (2010)197

Pierro (2009)110
Roberts (2007)17
Roongpisuthipong (2007)118
Abidov (2006)120
Dellalibera (2006)2!
Greenway (2006)122.123
Ngondi (2005)12¢
Mattes (2000)135

Rondanelli (2013)84 v
Blom (2011)100

Kamiya (2011)101

Chevassus (2010)105

Tripathy (2013)%° v
Udani (2004)130
Heymsfield (1998])136

Etemad (2019)52 v
Bajerska (2015)77
Qidwai (2009)113

Gholaman (2018)¢0 v
Kazemipoor (2016)¢°
Kazemipoor (2013)82
Aptekmann (2010)103

Hancke (2021)4 v v
Hioki (2004)127

Hosseini (2020)48 v/ v
Heydari (2019)%3
Boozer (2002)132
Boozer (2001)134

Dixit (2018)%° v v
Kang (2018)¢2

Grube (2013)8

Park (201387
Sengupta (20129596
Genta (2009)""

Kim (2008)114
Greenway (2006)122.123
Greenway (2004)128
Amagase (2011)7
Belcaro (2009)10?
Opala (2006)125

Stern (2013)¢7 v/ 4
Stern (2013)¢8
Sengupta (2012)959¢
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specialised software, assessment of hunger and
fullness, mood evaluations, quality of life (QOL)
assessments, international physical activity ques-
tionnaires and metabolic equivalent scales. These
tools record participants’ food intake, dietary pat-
terns and their adherence to study guidelines.
Some of the questionnaires were internationally
validated such as the Korean version of Eating
Attitudes Test-26, Three-Factor Eating and the
Obesity and Weight-Loss Quality of Life meas-
ure. The questionnaires utilised in the studies are
shown in Table 4.

Power of study and sample size calculation

In our analysis of the included studies, it was found
that 37 out of the total 99 studies achieved the
final sample size based on their stated study
power calculations and sample size justifications.
39-42,44,59,60,64-66,75,87,100-105,117,127,135 Among these,
33 studies provided clear documentation of their
power, significance level and effect size estimates.
However, in four studies, the reporting on effect
sizes was not sufficiently specified.9%:101,108,135

Compliance monitoring methods

Nine methods of compliance monitoring were
reported in the included RCTs (n=70) catego-
rised as follows, ‘Patient diary’ involved monitor-
ing the pill counting, daily records of experimental
tablet intake, food intake frequency records, physi-
cal activity records, ‘Email communication’
involved monitoring compliance through email in
addition to site visits, ‘Regular Telephone Calls’
maintained protocol adherence through calls and
messaging apps, ‘Capsule Calendar’ provided cal-
endars for medication tracking, ‘Measuring Cup
and Containers’ included measuring cups and
containers for supplement measurement and com-
pliance assessment, ‘Follow-Up Visits’ assessed
compliance during scheduled visits, ‘Direct
Observation’ confirmed supplement consumption
through direct observation, ‘Compliance Survey’
assessed adherence during visits and ‘Feedback
and Strategies’ provided feedback and strategies to
enhance compliance. There were 29 studies that
did not report on the compliance monitoring
methods they undertook. The most used compli-
ance monitoring method was patient diary record-
ing (n=28). Details of the compliance monitoring
methods and related studies are shown in Table 5.

Safety monitoring

Majority of the studies (z=76) either mentioned
in their methods section or in their methodology
or suggested through their results and discussion
section that some safety monitoring was con-
ducted. A handful of studies (z=6) did not men-
tion safety monitoring or adverse events at all
throughout the report. The safety monitoring
methods include ‘Adverse Event Recording’
involving the documentation of adverse events,
their severity, and relation to the intervention at
follow-up visits, ‘Laboratory Tests’ including
baseline and post-treatment measurements of
haematological and biochemical parameters for
safety  assessment, ‘Other  Safety-Related
Parameters’ involving measurements like blood
pressure, pulse rate and ECGs to assess safety
and ‘Assessment of Compliance and Adverse
Events’ evaluating adherence alongside adverse
event monitoring, including the counting of
unused study products. Details of the safety mon-
itoring methods and related studies are shown in
Table 6.

Methods of follow-up

Methods of follow-up reported in the included
RCTs can be categorised into five major types
based on the planned outcomes of interest that is
measured at each visit. Firstly, ‘In-Person on Site’
visits involved participants physically visiting a
specific location for various activities, including
measurements, interviews and sample collections,
often occurring at regular intervals. Secondly, ‘In
Person’ visits included face-to-face interactions
with participants, but the location (on-site or
elsewhere) and specific activities were unspeci-
fied. Thirdly, ‘In Person at Site and Phone Calls’
encompassed study visits conducted both in per-
son at a physical site and via phone calls, allowing
for a combination of physical examinations and
remote interactions. Additionally, ‘Virtual Visits’
were carried out virtually, eliminating the need
for physical presence, though the activities
involved were not specified. Lastly, ‘Routine
Health Checkup’ visits provided participants with
routine health assessments, with specific compo-
nents remaining unspecified in the provided
information. The most common follow up meth-
ods utilised was the ‘In-Person on Site’ (n=74).
The follow-up methods and related studies are
shown in Table 7.
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Table 4. Questionnaires used in the RCTs.

Number of studies Categories Questionnaires
(n=49)
38 Appetite, sensory perceptions (1) Hunger assessment: regular hunger intensities;
(2) Gum consumption effects: assessment of the time
of gum consumption, evaluation of adverse effects,
measurement of hunger intensity, monitoring the
amount of food consumed at meals;
(3) Effects of the intervention on appetite and sensory
aspects
43 Health-related quality of life 36-Item Short Form Survey
79
46 Health-related quality of life POMS
59
50 Appetite, sensory perceptions; Health- KEAT-26, SRRS, SRI.
related quality of life KOQOL
54 Dietary and nutritional assessment Food Frequency Questionnaires
56
55 Physical activity IPAQ
58 Appetite, sensory perceptions, physical Assessment of hunger and fullness using VAS, food
activity cravings on a 5-point scale.
IPAQ
63 Appetite, sensory perceptions, physical MET Scales
activity
65,75 Dietary and nutritional assessment 3-day dietary records
66 Physical activity MET Scales
68, 84,106, 117, Appetite, sensory perceptions Appetite, sensory perceptions questionnaires
122,123,130
69 Dietary and nutritional assessment, Food Frequency Questionnaires
Appetite, sensory perceptions Appetite, sensory perceptions questionnaires
70 Appetite, sensory perceptions, Health- Appetite, sensory perceptions questionnaires
related quality of life POMS
71 Dietary and nutritional assessment, 3-day dietary records
Physical activity Global physical activity questionnaire
72 Dietary and nutritional assessment Dietary composition analysis using a specialised software
76,91,118 Dietary and nutritional assessment 24-h dietary recalls
77 Dietary and nutritional assessment, Food history questionnaires
Appetite, sensory perceptions Three-factor eating questionnaire
87 Dietary and nutritional assessment, Food compliance questionnaires
Physical activity Exercise compliance questionnaires
88 Physical activity Self-report questionnaire

(Continued)
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Table 4. (Continued)

Number of studies Categories Questionnaires

(n=49)

89 Appetite, sensory perceptions, Health- KEAT-26 and QSCC

related quality of life Obesity-related Quality of Life

92 Health-related quality of life Validated WRSM and the OWLQOL Questionnaires

84 Appetite, sensory perceptions Satiating effect: Haber score
Severity of binge eating: Gormally BES
Depressive symptom: A BDI-II

97 Dietary and nutritional assessment, Food Frequency Questionnaires

Physical activity

98 Appetite, sensory perceptions
108 Dietary and nutritional assessment
112,126, 131 Dietary and nutritional assessment
115 Appetite, sensory perceptions
116 Dietary and nutritional assessment,

Appetite, sensory perceptions

119 Appetite, sensory perceptions

121 Physical activity

124 Dietary and nutritional assessment,
Health-related quality of life, Physical
activity

135 Appetite, sensory perceptions

IPAQ

Satisfaction index

3-days food records

Dietary composition analysis using a specialised software
Patients’ subjective impressions of their well-being

Food Frequency Questionnaires
Appetite, sensory perceptions questionnaires

Abnormal eating behaviour using the standard SCOFF
questionnaire

Self-evaluation of physical aspect

Food Frequency Questionnaires
36-Item Short Form Survey
7-Days Physical Activity Recalls

Three-Factor Eating Questionnaire

BDI-II, Beck Depression Inventory; BES, Binge Eating Scale; IPAQ, International Physical Activity Questionnaire; KEAT-26, Korean version of Eating
Attitudes Test-26; KOQOL, Korean Obesity-related Quality of Life; MET, Metabolic Equivalent; OWLQOL, Obesity & Weight-Loss Quality of Life
measure; POMS, Profile of Mood Status; QSCC, Questionnaire for the Sasang Constitution Classification; SRI, Stress Response Inventory; SRRS,
Social Readjustment Rating Scale; VAS, Visual Analogue Scales; WRSM, Weight-Related Symptom Measure.

Table 5. Compliance monitoring methods used in included RCTs.

No. Compliance monitoring  Details Number of studies (n=70)
methods

1 Patient diary Monitoring the pill counting, daily records of 3,5,9,12,15, 21, 23-25, 33, 39, 40,
experimental tablet intake, food intake frequency 59, 63, 77, 86, 93, 102, 103, 104,
records, physical activity records. 105,107, 111,116, 121, 125, 127

2 Email communication Monitoring compliance through email in addition to 2
site visits.

3 Regular telephone calls ~ Maintained protocol adherence through calls and 11,14, 42,73

messaging apps.

4 Capsule calendar

Provided calendars for medication tracking. 3, 63

(Continued)
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Table 5. (Continued)

No.

Compliance monitoring  Details

Number of studies (n=70)

Measuring cup and
containers

Follow-up visits

Direct observation

Compliance survey

Feedback and strategies

assessment.

observation.

Assessed adherence during visits.

compliance.

Included measuring cups and containers for
supplement measurement and compliance

Assessed compliance during scheduled visits.

13, 42,58, 121

1,2, 4,6-8,10, 18-20, 26, 27, 46,
47, 49,53, 64, 66, 69, 70-74

Confirmed supplement consumption through direct 42,75,79

28, 30, 31, 81, 82, 89

Provided feedback and strategies to enhance 29,121

RCT, randomised controlled trials.

Guideline recommendations

We extracted pertinent guideline recommenda-
tions from the USFDA Guidance for Industry
Developing Products for Weight Management
(2007)2¢8 and the EMA Guideline on Clinical
Evaluation of Medicinal Products Used in Weight
Management (2017)27 to align with anti-obesity
clinical trial standards. The details on the guide-
line points with RCTs that adhere to them are
shown in Table 8.

In conducting anti-obesity trials, specific meth-
odological aspects of both guidelines are essential
to ensure compliance with regulatory standards
and align with scientific best practices. Both
guidelines emphasise that trials should have a
minimum duration of 12months to adequately
assess the long-term effects on weight manage-
ment and associated comorbidities. The primary
endpoint should be body weight loss, aiming for
at least a 5% reduction from baseline to demon-
strate efficacy. Additionally, secondary outcomes
should include improvements in comorbidities
such as cardiovascular risk and diabetes, QOL
and waist circumference measurements. Safety
and tolerability are crucial components of these
trials, requiring careful monitoring of safety out-
comes, including dose adjustments and any
adverse effects. Lastly, the selection of partici-
pants should focus on individuals with a baseline

BMI of at least 27 kg/m?, particularly those with
obesity-related health risks, to ensure the study
population reflects the target demographic for
potential treatments.27-28

Based on the guideline aspects, the comparative
analysis showed that most studies (z=83) had a
study duration of 0—6 months, while only six stud-
ies were carried out between 6 and 12 months,
and just two exceeded 12 months. Majority stud-
ies had primary endpoint of weight loss (z=280)
with two of the studies also having an aim of 5%
weight reduction from baseline. There were also
studies that account for cardiovascular risk reduc-
tion in conjunction with the weight loss herbal
intervention (z=49). Safety monitoring was
reported in most studies (7=93).

Discussion

In our review, we identified 99 studies meeting
our inclusion criteria, primarily involving individ-
uals aged 18-80years, with BMIs between 25 and
49.9kg/m?. Herbal interventions were diverse,
comprising single herbs and mixtures, with dura-
tions spanning from 14days to 56weeks. Diet
modifications were implemented through various
approaches, including restricted calorie diets,
food-portion controlled diets and fixed calorie
diets. Exercise, often at moderate intensity, was

28
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commonly integrated with the interventions. BMI
and weight were the primary outcomes across all
studies, while body fat composition was meas-
ured in over 50% of studies using various meth-
ods such as body analysers and radiological tools.
Interestingly, there were no interventional anti-
obesity RCTs on herbal medicine conducted for
participants aged younger than 18years in our
included studies, indicating a gap in research
despite the rising cases of childhood obesity. This
suggests that herbal medicine trials have not yet
been globally recognised as an alternative therapy
for combating obesity. However, survey studies
have shown that adolescents aged 12-18 do in
fact take herbal medicines for weight loss.!37
Research on the underage is challenging due to
the requirement of parental consent and the risk
of litigation. Hence, lifestyle changes are often
advocated first before any medical intervention.

Some of the RCTs implemented a run-in period
prior to the commencement of their studies. The
purpose is to identify and exclude participants
who may not adhere to the study protocol or have
a high risk of dropping out. The run-in phase of
clinical trials can double as a washout period to
gradually discontinue prior medications to pre-
vent sudden cessation effects and clear previous
treatments from patients’ systems before intro-
ducing new interventions. Some of the trials inte-
grated this approach, ensuring any lingering
effects are eliminated before administering the
herbal treatment.40-58,81,101,108 Thege strategies
enhance the validity and safety of study outcomes,
especially for those with multiple medication regi-
mens. Leahey et al.!38 assessed the predictive
value of behavioural run-in data, encompassing
food diary completion, questionnaire responses
and staff interviews, on intervention adherence,
trial retention and outcomes in a behavioural
weight loss trial. Using run-in information,
researchers categorised participants as having
high, moderate, or low adherence and then ran-
domised those with predicted high or moderate
adherence. Results indicated that predicted high
adherers exhibited better intervention adherence,
as evident from session attendance and record
completion, and achieved more favourable out-
comes, particularly in terms of weight loss.
However, run-in data did not predict trial reten-
tion. This suggests that run-in assessments

effectively identify participants likely to adhere to
intervention protocols, bolstering behavioural
efficacy trial validity.

Adherence to medication is crucial, but adher-
ence to follow-up is equally significant and is
most commonly measured by the follow-up rate.
A systematic review reported that the pooled odds
ratio (OR) for improved follow-up rate in the
group receiving Short Message Service (SMS)
reminders compared with the control group was
1.76 (95% CI (1.37, 2.26); p<0.01), while the
pooled OR for enhancing the follow-up rate in the
group with telephone reminder compared to the
control group was 2.09 (95% CI (1.85, 2.36);
$»<0.01). Although telephone reminders demon-
strated a greater probability than SMS reminders
in improving the follow-up rate, the authors
argued that cell phone SMS interventions could
be more practical and easier to adapt to various
settings.!3® Among the included studies in this
review, a majority of the herbal medicine anti-
obesity studies did not report on the adherence
rate, but those that did (#=30) reported up to
70%-100% adherence rate. In our study, of the
five studies that utilised email communication®?
and regular telephone calls,63:66:113:123 only three
reported adherence rates exceeding 87.5%, indi-
cating a satisfactory level of adherence.63:06,113
Hence, at this point in time, the exact methods to
improve adherence to herbal trials are still unclear.

Clinical counselling that emphasises dietary
change stands out as a key strategy in addressing
adult obesity.140 Dietitians and nutritionists are
healthcare experts specialising in weight manage-
ment, play a pivotal role in delivering this form of
treatment.!4! Participants who received interven-
tion from dietitians achieved an extra weight loss
of 1.03kg (95% CI (—1.40, —0.66); p<<0.0001)
and a BMI reduction of 0.43kg/m? (95% CI
(=0.59, —0.26); p<<0.0001) compared to those
who received usual care.!¥2 In this review, studies
utilising these allied healthcare professionals
(n=23) however did not consistently report lower
dropout rates overall. The drop-out rates ranged
from 0 to 39%, whereby the drop-outs for seven
studies ranged 0%—9%,3%:72,86,92,104,121,125 gjx gtud-
ies ranged 10%—19%,58:74:102,103,111,122 geyen stud-
ies ranged 20%—29%,43:63:65,77,101,106,127 and three
studies ranged 30%—39%.62-64:116
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In accordance with the USFDA (Guidance for
Industry Developing Products for Weight
Management 2007) and EMA (EMA Guideline
on Clinical Evaluation of Medicinal Products
Used in Weight Management 2017) guidelines,
patient selection often considers a lower baseline
BMI, especially for individuals with weight-
related risk factors (e.g. =27 kg/m?). While inter-
ventions may contribute to improvements in
cardiovascular health, they cannot be attributed
to reducing blood pressure, glucose levels, heart
rate, etc., apart from the targeted claim of weight
loss. The guidelines recommend a study duration
of 12months to comprehensively assess the
impact on weight development and obesity-
related comorbidities. Our study conducted a
comparative analysis between methodologies
employed in herbal RCTs and the guidelines for
developing products for weight management.
This comparison allows an assessment of how the
methods prescribed in clinical trial guidelines
align with those implemented in real-life studies.
Notably, the primary efficacy endpoint in most
studies is body weight loss, with limited consid-
eration for weight maintenance over 6 months
tolyear, as suggested by the guidelines. Few
studies reported on certain secondary efficacy
endpoints, such as sleep apnoea, joint pain, uri-
nary incontinence, impaired fertility, depression,
anxiety and functional limitations. One study
included patients with schizophrenia.4! In adding
a comparative context with guidelines, both the
USFDA and EMA recommend anthropometric
measurements, with BMI and weight being the
most utilised. Although the guidelines advise the
implementation of diet and physical activity in
anti-obesity studies, only 21 studies incorporated
these lifestyle modifications alongside herbal
interventions. A significant portion of the included
studies (7=43) did not implement lifestyle modi-
fications, requiring participants to maintain their
current lifestyle. This may be due to the apparent

difficulty in administering and monitoring com-
pliance with lifestyle interventions alongside
herbal interventions. Conducting anti-obesity
RCTs poses challenges, as most of these included
studies planned for participants to maintain their
preexisting lifestyle to avoid additional confound-
ing factors influencing body weight. This is con-
trary to the guidelines that recommend the
implementation of lifestyle modifications along-
side the tested interventions. We were unable to
extract three suggestions outlined in the guide-
lines, including ‘meaningful dose reduction/with-
drawal from concomitant medication’, ‘selection
of patients who have failed at least one trial of
weight-reducing diet’, and the ‘inclusion of vari-
ous demographic, ethnic and racial groups where
obesity prevalence is high’. These data were not
reported in the trial publications across the
included studies.

In our review, 93 out of 99 studies reported safety
monitoring of the participants, revealing a strong
awareness of this crucial aspect. However, we
would expect a 100% reporting rate for such a
critical aspect. Safety reporting is a mandatory
requirement in RCTs, particularly in pharmaceu-
tical trials, as emphasised by the CONSORT
checklist (2010).3° However, in herbal medicine
or natural product clinical trials, the emphasis on
safety reporting is sometimes overlooked in com-
parison to efficacy reporting. This discrepancy
may stem partly from regulatory differences, such
as those observed in Malaysia’s regulations con-
cerning herbal and traditional medicines.
Marketed products in this category may face less
stringent approval processes compared to phar-
maceuticals, potentially posing challenges in
monitoring safety and quality. Limited consumer
awareness of the risks associated with herbal
medicine further compounds this issue.!43
Fortunately, there is growing recognition of the
importance of safety reporting in herbal

30
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Table 6. Safety monitoring methods used in the RCTs.

No. Safety monitoring Description Number of Studies
methods studies (n=99)
(%)
1 Adverse event Involved the documentation of adverse n=711(71.72) 1-6,8-10, 15, 16, 18-20, 22-28, 32-34,
recording events, their severity and relation to the 36, 39, 41-43, 46, 49, 58, 59, 62, 63, 65,
intervention at follow-up visits. 69-73,77,79, 81, 86,92, 101, 103, 104,
106, 111, 116, 121,122, 124-135
2 Laboratory tests Included baseline and post-treatment n=75 (75.76) 2-14,17-21, 23-33, 35, 37, 39, 40-43,
measurements of haematological and 46, 49,58, 59 62, 63, 65, 69-73, 77,79,
biochemical parameters for safety 81, 86, 92, 101, 103, 104, 106, 111, 116,
assessment. 121,122
3 Other safety-related Involved measurements like blood n=35(35.35) 3,5-10, 15, 17-20, 27, 28, 39-43, 46,
parameters pressure, pulse rate and ECGs to assess 49,58, 59 62, 63, 65, 69-73, 77, 79, 81,
safety. 86, 92,101, 103, 104, 106, 111, 116,
121,122
4 Assessment of Evaluated adherence alongside adverse n=~4 (4.04) 53, 59, 64, 104
compliance and event monitoring, including the counting of
adverse events unused study products.
5 No reporting of Did not mention on safety data or n=6(6.06) 38, 46,50, 54, 75,144

safety monitoring monitoring methods in the methodology

ECGs, electrocardiogram; RCTs, randomised controlled trials.

Table 7. Follow-up methods used in the RCTs.

No. Follow-up methods Description Number of studies (n=95)

1 ‘In-Person on Site’ visits  Involved participants physically visiting a 3-7, 10-22, 25-32, 34, 35, 37,
specific location for various activities, including 40-42, 46, 49,59, 62, 63, 65, 66,
measurements, interviews and sample collections, 69-71,73,77, 92, 101, 102-104,
often occurring at regular intervals. 111, 116, 121, 122,127, 133,

135

2 ‘In Person’ visits Included face-to-face interactions with participants, 8, 9, 23, 24, 33, 38, 43, 58, 63,
but the location (on-site or elsewhere] and specific 74,96, 99, 106, 125, 143
activities were unspecified.

3 ‘In Person at Site and Encompassed study visits conducted both in person 2,39,53,73

Phone Calls’ at a physical site and via phone calls, allowing for a

combination of physical examinations and remote
interactions.

4 Virtual visits Visits carried out virtually, eliminating the need for 4
physical presence, though the activities involved
were not specified.

5 ‘Routine Health Provided participants with routine health 36

Checkup’ visits assessments, with specific components remaining

unspecified in the provided information.

RCT, randomised controlled trials.
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interventions. Specific clinical trial guidelines,
such as the CONSORT Extension for Chinese
Medicine Formulas 20173! and the Guideline for
Herbal Medicine Research 2023,!4* underscore
the importance of prioritising safety in herbal
medicine clinical research.

This scoping review has certain limitations that
should be considered when interpreting its find-
ings. Only studies published in English were
included due to resource constraints. We did not
exclude pilot studies or those with less than
6 months of follow-up, a decision made to ensure
a comprehensive overview of the available litera-
ture. Due to the inadequate reporting of the sexes
analysed in the included trials, we also could not
conclude the numbers of recruited genders.
Lastly, our assessment of included studies is based
on reported information in published literature
only. There may be instances where quality indi-
cators were addressed in a trial but not reported,
influenced by factors such as word count restric-
tions, editorial decisions and investigators’ per-
ceptions of importance. We utilised clinical study
guidelines for weight management products, as
there are currently no standard international
guidelines for conducting RCT's specifically focus-
ing on herbal medicine in anti-obesity interven-
tions. These guidelines are based on drafts from
the USFDA and the EMA, last updated in 2007
and 2017, respectively. Although not recently
updated, these guidelines serve as a foundational
reference for comparing the methods commonly
employed in weight management trials. This
review did not assess the included RCTs against
the CONSORT guidelines, as the primary scope
was to evaluate the methodology in relation to the
two regulatory guidelines. However, future stud-
ies can consider including an assessment based on
CONSORT guidelines to provide a more compre-
hensive evaluation of the included RCTs.

Conducting RCTs for anti-obesity interventions is
challenging, given the multitude of factors to con-
sider. These include various parameters such as
weight loss measures, evidence of fat reduction,
sustained weight maintenance, lowered cardiovas-
cular risks, among others. Additionally, the ideal
requirement for long-term clinical trials to estab-
lish both efficacy and sustainability adds to the
complexity. Despite the difficulties, developing
effective weight-loss products can bring significant
benefits, particularly in marketing, if the trials
show positive results across various indicators.
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Companies that can manage these challenges may
set themselves apart by creating reliable, evidence-
based products, which is something not com-
monly achieved due to the inherent complexity of
conducting such comprehensive trials.

In conclusion, approximately half of the RCTs
assessing the anti-obesity efficacy of herbal medi-
cine interventions adhere to international guide-
lines, incorporating considerations for diet control,
lifestyle, physical activity and the assessment of car-
diovascular risk factors. In addition to efficacy,
adherence to recommendations for safety monitor-
ing and reporting should also be emphasised. There
is a need for more herbal anti-obesity RCTs to
evaluate weight maintenance among participants.
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