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$uuaraI1udn (cognitive function) 8131l (mood) warAmAINEIn lagitn1sduALtayalIN
gﬁu‘ﬂja;ﬂaﬂz\mmm 13 ‘gm%’aaga Tawn AMED, CINAHL, Cochrane Central Register of clinical trial,
EMBASE, PubMed, Psyninfo, Science direct, Scopus, www. clinicaltrial. gov, Thailis, Thai Index
Medicus, Thai Medical Index, and Thai Thesis Database auf9LAaUALE 18U 2016 WUNITAN®EI
Famun 11 n13ANYILUUNARRILazinguAIuAs (Randomized control clinical trial; RCT) lag 5
mMsfinwUSeufieuseninansidtaunidenn fuevaen wazdn 6 nsAnwwSeuiisunislddaun
saufuaulnsdug fuayulnseiadun

mMyneilsEanamussthunsdensifiumuiuiuazanud (cognitive function) WU
felaifinsfnwdududaiauluudvosuszaninmeanisfulsemutundenisifiuanuiuiuay
mmﬁﬁ‘mzﬂuﬁﬂu overall cognitive function, attention and concentration, executive function,
information processing speed, language, visuospatial skill, working memory, verbal memory,
visual memory fllflgsn1siingiAgIuanINaveIn s UUTEughuAS A UaLU N U Aka
Wi executive function Tuwdvesnisaasaantunaswd®oyvaime of problem solving)
[standardized mean difference(SMD): -0.77 (95% confidence interval (Cl); -1.26 to -0.27]

mMsaseiUsyansnmastiundesisual wudn taunanuasadiial alert score [SMD: 0.71
(95%Cl; 0.01 to 1.41)] uazan angeriscore bA [SMD: -0.81 (95%Gli -1.51 to -0.09)]

N153AT1EAUTEANS A MveI I UARBAMAIWTIRMNEEN TiTnsAnwENEuUsEavEames
ﬁwﬂsiamﬂﬂ'mmmw%%m [SMD: 0:04 (95%Cl; -0.87:te-0.95)]
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Cochrane Central Register of Clinical Trials, CINAHL, AMED, WHO Registry, www.clinicaltrial.gov,
Health Science Journals in Thailand, Thai Library Integrated System, Thai Thesis Database, Thai
Index Medicus, and Thai Medical Index aufiaifiouunsiay 2016 WUNISANETIMLA 7 N15ANE
wuunaassuaziinguAIuAY (Randomized control clinical trial; RCT) dinausinsdadon 1ne 6
nsAnEnsane 7 nMsanedumsanelulssmelne
Foudldilasunsinwainnsinwilasumseadtivaun 4 Youdld 1aun 1) Uszansam
#oN15ifinaNTInn1NUeIs19nI8 (physical/exercise performance) 2) Uszansa1nsan1sifiunis
MOUAUDINITLTIFIB I B ITINAYY (erectile response) 3) Use@nSainsonisanuan (pain
indicator) way 4) Usz@nsnmsion1slunias (energy expenditure)
UseANEN MY Te T I MENITAUAUTION TNYBITNNIE
AsTmEmaIsaLinanssonImeeesenield luivesradiusivesnisduile (hand erip
strength) ﬁg&ﬁammazﬁa%ﬁa [standardized mean differenee (SMD); - .44 (95%Cl; 0.02 — 0.86)
d15Ui0Y, SMD; 0.49 (95%CE007 — 0.91) dnsullaeng]
UsanEnImYeen sy wIes WonISiun IS UaUeInTsudasIug e Seasinae
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Useanen) nYosn 3821801980158 9)
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(range of motion of knéejoint) Iidiaufiduiuneumsdulseniunssangdiogidlsiniu nsAng
Tuusavinmi wuifies 1 mARN WY Msulanansinwieage Wheeaseinse 5
UsednsnINYedn sz 1gn 9o 13 30nes
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nsavAuteyasgrafusyuuileofnuszansnmmnanatnvesnisinalunnedeudd Tnevi
nnsduduaingiudeyaienua 12 grudoya Idun AMED, CENTRAL, CINAHL, ClinicalTrial.gov,
EMBASE, Health Science Journals, MEDLINE, Thai Index Medicus, Thai Medical Index, Thai
Thesis Database, Thai LIS and WHO registry aufiaifiou nuatus 2017 wun1sdnwiienun 6
n1sfinw laedl 4 n1sfinwidunisfnwinuunnaesuaziinguaiunu (Randomized control clinical
trial; RCT) way 2 msAnwidun1sfnenuu Quasi-experimental

Foudldilasunsinwainnsinwilasumsaadntivaun 3 Youdld 1aun 1) Uszansam
v9slwaron15ane1n15U1n (pain reduction) 2) Ussd@nsnnaedlnanan1sand uay 3) Usyansnm
YRl NaReNISATUNITONLEU

Uszansnimvealnanenisaneinisum

nsAnuUszansamueslnasonisaneinistanndrunile wuin nsfnwidulng Ul
Tumadionfudn alulnadinnududi 14% awrsnanenisuinnduie lfidessuiisutuneu
nsldp3ulnanazsvasn wilinudszaniamessasulnadinuwdsat 7% sonisanainisian
n&aiie

AsAnwIUsEANE A e iER a1 sUIna nT BANWaS NS ASulnaTinududy 14%
ansaane1n1sUinndernunasldifiedisuiusmasndivian 5 - 6 Ju

n1sanwIUseansanvesinasnenisuinnatazlug nudt n1stanisuindseaunielna
annsaanensPianeuas lvalddlodsUfuneunisuaaysshiu unliunnmetirsuinUssAukuy
e (Thai traditional massage)

UssansnImiesnanenisanal
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nsdvAuteyastrafuszuuiiteAnysransammnandinvesnisldgnuszauluynadeus
14 lnevinisduduaingrudeyasionua 12 grudeua L4uA AMED, CINAHL, Cochrane Central
Register of clinical trial, EMBASE, Health Science Journals in Thailand, PubMed, Thai Index
Medicus, Thai Library Integrated System, Thai Medical Index, Thai Thesis Database, WHO registry,
and www.clinicaltrial.gov wun1sfnwsienun 13 msdnwaingidnsumsdnwsi 778 au taed 1
msfinwidunsfinwuuuneasuaziinguaiuay (Randomized control clinical trial; RCT) uay 12
nsAnedun1sAnwILUU Quasi-experimental
fouddilasumsfinuannisinunitldunisdaddvomn 4 Foudd dud 1) Useansam
vosgnuseAulnesianistinteldn (knee osteoarthritis pain) 2) Uszdnsnnvesgnuszaulnasienis

Uanndile (muscle pain) 3) Usgdnsnmaesgniszaulnesenisuiaviasnasn (labor pain) uag
4) Uisﬁw%mwmaﬂqﬂﬂizmlwaﬁaﬂWﬁwﬁaﬁwum (lactation)

Usyansnimvesgnusyaulnenensuantes

anUszaulngliiaunsnomstanaldidornmsiaduasiulniiin fudleiseudoud
g1 non-steroidal anti-inflammatory drugs (NSAIDs) [SMB:0.351495%Cl; -0.091 to 0.793)],
WSsugununiseanmasnieiddknee exercise) [méan difference (MD): 0.660 (95%Cl; -0.839
to 2.160)], 1UTpuLviunun15UTEAUTU (hot compress) [SMD: 0.254 (95%Cl; -0.161 to 0.669)]
wanilaUSeudisuiudiuseudieuladle (combined comparatof) [SMD: 0.419 (95%Cl; -0.004 to
0.842)]

uaﬂmﬂ‘ﬁLﬁaﬁwmﬁmeﬁmmmmaﬂumiﬁwﬁﬂﬂiiuﬁm%’uﬁﬂ’m%’amwLﬁam U gn
Usgaulngliifiuadttiamnsalunsvihianssuiloisuiiisuiu NSAIDs, nsganrndsniein, n1s
Useaudeu viomwstuiieulanla

Ussanshywuedgnyszavlnesiontsuanna e

anuszAulyslyeaiznaneinsuianduiioldiie UTouisuiu (NSAIDs) [MD: 0.300
(959%Cl; -0.539 to 1,#89)], nnstszausou (hot compress) [MB%0:525 (95%CF -0.842 to 1.839)]
wazdnlSouisulaAlaicombined comparator) {MD0.4435 (95%Cl; 10,574 to 0.845)]

Usyansnimvesgnisgaulnenanisvinrenasn

gnUszaulneanunsnans MAsUfgud g ndsagnnasaden IaieiuSouiisuiunisnm
135 (Usual care) wazanuInane nsUIATiasnaen (abor pain) lukififinsssassusnls

Ussdnsnmuesgniszaulnesonsuasuy

anUszavlnsannsaanszesnalunsvaiumdnesealdidenisuidisutunising
Un# (routine program) [MD: -394.425 u19 (95%Cl; -620.084 to -168.766)]



3ol 1: Efficacy and safety of Pueraria mirifica for menopause: A systematic

review of clinical trials and the way forward

Introduction

For many middle-aged women, ovarian degeneration causes intolerable menopausal
symptoms including vasomotor dysfunction (hot flushes, sweating), sleep disorders (insomnia,
waking and erratic sleep), depression, sexual dysfunction (reduced libido, urogenital disorders),
and musculoskeletal pain. Vasomotor symptoms affects 57% of women, begins before
menopause and continues for 1 to >15y (mean 4.5y), but is shorter in Asians, and more prolonged
in African Americans, the obese, premature menopaused, and the stressed (1). Estrogen
replacement is the rational treatment but the 2002 Women Health Initiative trial confirmed
several adverse actions as major risks, especially thrombosis and neoplasms. Prescription rates
plummeted leaving women with no clear alternative so many turned to phytoestrogens. But, the
common phytoestrogens, isoflavones and lignans, have unpréoven effectiveness against
menopause symptoms (2). This perhaps accords with their predeminant action on estrogen
receptor (ER)(3).

Legumes commonly express isoflavones and also the more potent estrogenics,
coumestrols. Leguminosae Puerarig_genus comprises 15-20fspecies that are invasive woody
climbing perennialsbeans indigenous to south-east Asiatbut genetically diverse(d). They are used
for fodder (foliage);human food and medicines (tubers)(5). Apart from £ montana (Kudzu), most
pueraria species occupy niches and one of these is.Pueraria candollei, is togalized to Bangladesh,
Assam, Myanmar, and Fhailand. Several varieties and cultivars been studied for their estrogenicity,
especially var#mirifica(Aisy Shaw & Suvat.) Niyommdham (commanly, termed Pmirifica, or in the
Thai language, white kwao-kuer (various spellings), sometimes Thaitkudzu. [tis restricted to a few
deciduous hilly jungles in nofth and western Thailand (65 7). but has been over-exploited and
become endangered.% Aecordingly; ity is extensively, farmed for mwedicines. P. candollei var
candollei also appears td+dgontain estrogenics, while severalticultivars have been tested in

preclinical studies.

Traditional P. mirifica uses were largely restricted to regions of Thailand where the wild
plant was gathered. Its action emphasised rejuvenation and good health in older women (and
men), including increased energy, infection control and parasite tolerance, healthy skin and hair
growth, cognitive function, reduced cataracts, less breast sag, improved sleep, blood ‘tonic’, but
contra-indicated for younger adults. Adverse effects were muscle/joint pain but alleviated by
cold showers (8). There seems to be little emphasis on treating the psychiatric/vasomotor
postmenopausal symptoms, probably reflecting their lower incidence in ethnic Asians and
healthier diets of ancients in these Thai regions (8-10). So, these indigenants appear to have

recognized the pleotropic actions in old age without knowledge of hormones. These changes



accord with currently appreciated postmenopausal tissue changes including increased
cardiovascular risks, bone degeneration, cognitive decline, metabolic disease, immune

attenuation, and deterioration of skin and hair.

P. mirifica, especially its tubers contain glycosides of genistein, and daidzein, including the
rare puerarin and mirificin, the unique kwakhurin and mirificoumastans (5), and notably
miroesterol and its congeners. These are potent estrogen receptor (ER) agonists in vitro and in
animals (11, 12). Pre-clinical studies suggest miroesterols are responsible for major clinical actions
(13) although there are no supporting pharmacokinetic or metabolic studies. Their ER actions
would be expected to replicate standard estrogen replacement therapy in alleviating post-

menopausal symptoms.

However, early studies standardized P. mirifica preparations by HPLC of isoflavones whose
total contents varied 50-fold between season, cultivar , and region(14). Similar wide variations
were found using bioassay (rat vaginal cornification) in P. mirifica sampled by province(15).
Miroestrol in P. mirifica also varied by region and variety (Kitisripanya et al., 2017). In commercial
P. mirifica products, oxymiroestrol concentrations varied ~70fold(16) while some commercial
formulations claiming to be P. mirifica contained no_Ri#mirifica (17). Genomic studies have
detected sequence differencesiin batches of P. mirifica (18, 19) which may contribute to content
inconsistencies. Thus, chromatographic finger-prints of relevant active constituents are mandatory

for replicatability.

Currently, P mirifica products are globally“promoted for breast erlareement, cosmetics,
and menopausal ssymptoms (Google searchof ‘pueraria’ yields resultsedominated by PM).
Purveyors of P. mirifica cite relevant clinical trials in-glowing terms to support its efficacy while
many products,carry<appropriate warnings, others describe it as “complétely safe” again citing
the scientific litérature*Furthermore, internet blogs on P. mirifica' téveal many consumers using
10x recommended doses fn‘afy attempt to titrate an effectivesdese regime. ~Clearly, users need
an independent and*~unbiased éxpéert=assessment ofy R “mirifica thratish a systematic review
enabling them, or their*medical practitioner, tol make an informed?risk/benefit analysis. Such a
review appears not to have“Béenrundertaken and issthegéfore timely. Accordingly, we have
conducted such a review to evaluate the ‘elinicat’efficacy of P. mirifica to alleviate menopausal
symptoms. This study should provide an unbiased summary of the efficacy and safety of P.
mirifica on menopausal women as discovered by systematic review in order to create a safer and

reproducible clinical profile.
Materials and Methods

This systematic review was conducted according to the Cochrane Collaboration framework
guidelines (20), and reporting followed the PRISMA Statement (21).

Search strategies and study selection



The following databases were searched for original research articles from their inception
to October 2016: AMED, CINAHL, Cochrane Central Register of clinical trials, EMBASE, Health
Science Journals in Thailand, PubMed, Thai Index Medicus, Thai Library Integrated System, Thai
Medical Index, Thai Thesis Database, WHO registry, and www.clinicaltrial.gov. Strategic search
terms used scientific and common synonyms of P.mirifica or “kwao krua kao” (Thai for P. mirifica).
Reference sections of all retrieved full articles were reviewed for potential studies not indexed in

the above databases.

Clinical studies were included if they met the following inclusion criteria: 1) conducted on
humans; 2) investigated therapeutic effects of P. mirifica on menopause. CK screened all the titles
and abstracts to determine whether the studies assessed the therapeutic effects of P. mirifica.
Full-text articles of the potential studies were reviewed by CK and NS and the included studies
were subsequently reviewed by CK, NS, and TD. When uncertainties regarding the eligibility

occurred, they were resolved by discussion.
Data extraction

Data extraction was undertaken by CK using a data extraction.form and cross-checked by
TD and CNS according to the CONSORT statement forfreporting herbal medicinal interventions
(22). The data extracted and'reported included: study design; number and characteristics of
participants; age of participants; herbal preparations; standardization of preparations; treatment
protocols; and .outcomes. Outcomes of interest related to menopausewere menopausal

symptoms; plasmarestradiol and FSH/LH; and adverse events.
Quality assessment of included studies

The studies were assessed for methodological quality by CK,=CNS, and TD using the
Cochrane revised tool fomrisk of bias tool (RoB 2.0) for individually, randomized, parallel group
trials(20). This taol-assesses biases due to randomization process; to deviations from intended
intervention; missing“outcome.data; outcome measurements; selectivegeported of results, and
overall bias. Each studywas classified @s havirig low riski(low risk of bias*for all domains), high risk
(high risk of bias for one or M@re,domains), or some concerns (uiiclear risk of bias for one or more
key domains). Disagreements betweeni the! reviewers*Wwere settled through discussion and

consensus.

In addition to RoB, we used our own quality 22 quality indicators emphasising
methodological validation, reliability, repeatability, ethical standards, monitoring, safety, and
characterisation of the herbal medicine intervention (assessed by CK and CNS). This was based
on the CONSORT checklist, its herbal medicines annex (22) and monitoring (Table 3). To keep its
size manageable, some related parameters were pooled into a single domain. Measurement
used a three-point score: =0 (domain parameters not performed or not reported), =0.5 (domain
partly fulfilled), =1, (domain fully or almost fully adhered to). If a domain was not or largely not

applicable, that domain was omitted in calculating the final score. The overall score gives a



general measure of quality. However, a domain of a particular study may have an extreme effect
its value. Thus a participant attrition rate of 80% would suggest a serious problem with
intervention, or no placebo group where placebo effects are likely to high, could nullify trial
outcomes. There were also some domain parameters, e.g., trial registration, lodging raw data,
which are unlikely to have been performed but included to create a generic tool for intervention

trials.

All included studies were assessed by CK and CNS and disagreements resolved through

discussion and consensus.
Analyses

Descriptive statistics were used in reporting the outcome data. The results are presented

using a narrative approach.
Results
Search results

A total of 1060 articles were identified. Of these, 1052#ere_excluded because they were
duplicated (227 articles), investigated Butea superb Rexb (red.kwao krua) (68 studies), or other
plant species (37 studies), not relevant to P.mirifica (484 articles); not clinical studies of P.mirifica
in humans (234 articles), studied cosmetic effects of P.mirifica (2 articles). Two US patent
applications containing identical datatwere excluded because participants were non-menopausal
or included in Muargman and Cherdshewasart (23). Eightistudies met our iActusion criteria (3, 23-
29) (Figure 1, Tablesl). Manonai, Chittacharoen (27), Maneonai, Chittacharoem(28) were the same

study but analysed-different end-points. Thus there were 7 studies in tetal.

None ofiithe cohference abstracts found met our criteria. In, “"grey’ sources available in
Thailand, a patent application-and a Japanese study on premenopausal women but neither met

our inclusion criteria;
Study characteristics

Of the seven includedelinical studies, two weregiandomized placebo controlled trials (3,
27); one study was a head-to-head “comparisomr with conjugated equine estrogen (CEE)
with/without medroxyprogesterone acetate (MPA) but no placebo group (24, 25), four other
studies also had no control groups (23-26, 29).

Primary end-points were MGCS (4 studies), urogenital tract function (1), lipids (2 studies),
and undefined (1 study).

P.mirifica was dosed as capsules in four studies (23, 26-28) or tablets (3, 29), but not
reported in the remaining 2 studies (24, 25). Five studies used powdered dried tubers of P.mirifica
(3, 23, 27-29), but not reported in the others (24-26) but probably similar as the previous five.
Muangman and Cherdshewasart (23) used P. mirifica var “Wichai Ill” at 200mg/day; the others

used variety “Airy Shaw and Suvatabandhu” as explicitly stated or surmised from the literature

a



and orally administered at 20 to 100 mg/day (Table 1). The included studies were conducted on
middle-aged female participants who were perimenopausal or recently postmenopausal.

Intervention durations were 8 to 48 weeks.

Participant characteristics were women with self-reported menopausal symptoms seeking
treatment at hospital menopause clinics or outpatient departments, except Okamura (2008) who
used high serum FSH, and Manonai, Chittacharoen (27) who recruited by advertisement for
women having genital tract problems that were then verified by pelvic examination. High serum
estradiol (~76 uM) and low FSH suggested a peri- or transitional menopausal state when estrogen
levels are chaotic (Prior, 2005). Although some studies were moderately powered, others (24, 27)
subdivided cohorts to determine dose-effectiveness, but the groups were too small to resolve
differences. Studies used different participant characteristics, different end-points, intervention
times, incomparable P. mirifica preparations and different protocols (positive or negative controls,

no concurrent controls, or no base-line measures).
Quality of included studies

The overall risks of bias for all seven trials was generally high or of some concern (Table
2). However, in reaching the assessment in each domain involves several decision points based

on generally poor reporting (see below).
Our CONSORT reporting assessment was grouped into seven demain classes (Table 3):

Authorisation: Ad-but one study stated thesDeclaration of Helsinki (but not.version), and the IRB
giving approval butnot the approval reference. “All'studies acknowledged.the funding agency but
only Virojchaiwongg Suvithayasiri (29) declared” independence fromgs funder. Manonai,
Chittacharoen (28)had’ help with chemical analyses from the funder,:and three other studies

imply that thefunding agency had minor roles.

Designs: All studies hadclear'aims’and appropriate end-points exéept one whére aims were vague
(23). Secondary endspgints werejofténsstated. Intervention'duration wasi2-12 months which was
probably enough time te.demonstrate effects. IOnly"Manonai, Chittacharoen (27) and Okamura,
Sawada (3) used placebo groupsibut studies having no placebos seriously compromised definitive
conclusions. Only Virojchaiwong, Suvithayasir (29)justified cohort sizes and performed power
calculations but did not account for placebo effects. For MGCS end-points without SD/SEMs,
discerning under-powering was not possible. Chandeying and Lamlertkittikul (24) described their

trial as open-ended making definition of duration unclear.

Participants: Inclusion criteria were vague “menopausal women were recruited” (3), menopausal
women without gynecological cysts (23) while other studies had inclusion criteria appropriate for
primary end-points. Except Okamura, Sawada (3), exclusion criteria were noted but the number
of criteria varied between studies. For participant baseline characteristics, only Manonai,
Chittacharoen (27) tabulated these by intervention group while others had rudimentary

information or reported nothing.



Allocation: The Muangman and Cherdshewasart (23) study was excluded here. Otherwise studies
mentioning randomization were awarded “Yes/No” or NR. Differences in baseline primary end-
points between groups suggested randomization was real. Participants were blinded in trials with
placebo groups, but in groups comparing doses that claimed blinding, this was not real because
presumably participants knew they were having treatment. For blinding of staff, reporting “double
blinded” alone was inadequate. Only Manonai, Chittacharoen (27) reported this domain in detail.

No study described raw data locking to prevent data manipulation.

Herbal characteristics: No study gave taxonomic or genetic information directly nor links to other
publications, nor brand, etc., that could lead to characterization of the preparation. Two studies
described preparation of the dried root powder. No study displayed or referenced any
chromatographic ‘finger printing’. Two studies listed some ingredients, one as miroestrol and
total isoflavones (3) by referring to another paper. Another study referred to a commercial

laboratory with isoflavone contents but no methodology (29)

Monitoring: Only two studies attempted to assess adherence to treatment, by pill counting. All
reported drop-outs/withdrawals with causes (Table 5). For safety manitoring most studies were
quite thorough (lipid profiles, liver enzymes and other hepatic markers and haematology (23-26,
29).  Manonai, Chittacharoen (27) also used pap smears, “endometrial surveillance”, and
mammograms. Okamura, Sawada (3) reported no safety monitoring. All reported harms, but no
study attempted to quantify their intensity, and there was no reports that.these were followed

up after treatment’ceased.

Data handling: Allksstudies loosing participants-accounted for lost participants but not analysed
by ‘intention-to-treat’s No other data variances were reported. Data analySes were appropriate.
However, the extent.ef-analysis and excessive data pooling hindered any attempt to understand
selective effectsior to identify, trends. Thus each menopausal womag doesinot present with a
MGCS, but has aset, of uniguéersymptoms that often change ddring' mengpause. So, she needs
to judge efficacy for her particularsitdation. Means without SD/SEM/Clsaxere common. Reporting
arbitrary p-value cutoffsfather than actual p-values prevents readefsfrom identifying trends. For
example, the data for PM v. CEE o suggests a trend that CEE' may have been more efficacious,
especially for the important vasomotor=symptoms. Any difference may be functionally
insignificant, but if there are large placebo effects which are likely for MGCS (see discussion), these
differences become clinically important. Manonai, Chittacharoen (27) designed three subgroups
by dose but inexplicably pooled all data denying readers the opportunity make their own
judgments. The raw data would have enabled readers to assess variations in individual

participants but not available for any study.
Thus, the qualities of design, reporting, and analyses were generally poor in these publications.

Effects of P. mirifica



Intervention end-points of P mirifica were: (A) menopausal symptoms; (B) reproductive
hormones; and (C) ‘other’ (Table 4).

P. mirifica reduced menopause symptoms

Changes in different categories of symptoms were measured by the itemized modified
Greene climacteric scale (MGCS). In the head-to-head trial between P. mirifica and CEE+MPA,
MGCS scores in both arms were similar(25). In this and three other studies without placebos (24-
26, 29), overall climacteric scores were reduced after 25-100 mg/day P. mirifica by ~50%
compared to base-line (Table 4) but a ~78% reduction for hot flushes (the lack of detailed data
reporting prevented any statistical significance being attached to this value). MGCS reductions
were similar comparing 25 and 50 mg/day P. mirifica (24, 29). Muangman and Cherdshewasart (23)

showed reduced hot flushes, frustration, and sleep disorders.

One RCT study reported P. mirifica actions on vaginal symptoms and morphology, as a
total score of vaginal health index, or maturation value (27). Vaginal health index, evaluated by
scoring vaginal parameters (moisture, fluid volume, elasticity, epithelial integrity, and pH, on scale
1 (poorest) to 5 (best) with P. mirifica treatment were increased at weeks 12 and 24 compared to
week 0 and placebo (p<0.05) (27). Vaginal maturationwalue and maturation index, representing
vaginal cytology increased at 12 and 24 weeks of P.mirifica but not with placebo. Some urinary
tract dysfunctions were reduced By P.mirifica in Lamlertkittikul and Chandeying (26), incorporated
into the MGCS score (29), while othemgstudies showed no.effect on the urggenital tract (24, 25).
Manonai, Chittacharoen (27) demonstrated improved genital tract function®©ut not of the urinary
tract.

Influences om reproductive hormones

In four”studies,.both RCT (Manonai et al., 2008) and glinicat trials *without placebos
(Chandeying and*Sangthawan; 2007) (Chandeying and Lamlertkittikuly 2007)4Virojchaiwong et al.,
2011) P. mirifica hadfo clear effect'on serum estradiol. In @kamutira, Sawada (3) post-menopausal
levels of ~70 mIU/ml forsFSH wasareversibly reduced by*P. mirifica, which accords with an action
mimicking estrogenic feedback en the anterior pituitary therebylinhibiting sonadotrophin release.
In three studies (24-26), there weré nal¢onsistentachangés in serum LH or FSH with P. mirifica.
However, baseline values for LH (~18 mIU/ml) and FSH (~38 mlIU/ml) for (24) and (25) were
between the normal and postmenopausal ranges and being at premenopausal levels in
Lamlertkittikul and Chandeying (26) (Table 4).

Effect on bone

Manonai, Chittacharoen (27) measured the bone specific isoform suggesting an ER-
mediated inhibition of osteoclast activity and reduced demineralisation. Okamura, Sawada (3)
found a reduced alkaline phosphatase and commented on its relationship to bone preservation

but the isoform targeted was not stated.

Adverse effects of P.mirifica



Numerous different adverse effects were reported (Table 5), the most common events
were mastodynia and adverse vaginal problems which are compatible with estrogenic stimulation.
Two RCTs having placebo groups (3, 27) totaling 27 participants to compare with P. mirifica, and
adverse event incidence appeared to be similar in both groups. Chandeying and Sangthawan (25)
compared P. mirifica with CEE and again adverse event incidences were similar in both groups
(not blinded) (Table 5). But they also had 5 hypertriglyceridemic (>400mg/dl) patients treated
with P. mirifica compared to 1 in the CEE group. The higher baseline TGs for the P. mirifica group
(121 v 106 mg/dl for CEE), and higher TGs than baselines in other studies suggests these

participants were already hypertriglyceridemic at baseline.

Manonai, Chittacharoen (27) measured endometrial thicknesses by ultrasound and
performed histology on endometrial biopsies. Thicknesses were unchanged in both PM and
placebo groups and biopsies were consistent with atrophic and quiescent endometria. These

observations are consistent with the lack of reports of vaginal spotting in these participants.

Of those withdrawn or who withdrew (47 participants), some were reported to be
associated with an adverse effect while reasons for withdrawaldiave insufficient detail. No study
reported who decided on participant withdrawal and whether they are blinded. There was no
attempt to quantify their severity. Thus, limited data suggests that P. mirifica shares the same
adverse actions as CEE and similar rates to placebo. But the low aumber of placebo comparisons,
lack of blinding and the wide rate of reporting adverse events, raises concerns. In particular, the
propensity for thrembosis was never explored-altheush most studies reported lipid profiles and
liver enzymes which remained within normal ranééséxcept the hish TGs-noted above. However,

C-reactive protein was increased 2.7-fold suggesting systemic inflammationi(3).
Discussion

This is the first syStematic review investigating clinical effect of P.mirifica on menopause
using a wide range af, accepted,international bibliographic datakases to identify relevant studies
and included those ‘inRsThailand ‘Which provides «elaballysraw P. minficg. Our study adhered to
standard methodology of*systematic review according to Cochranéand PRISMA checklist (20, 21).

Actions of PM: P. mirifica appeared tolber estrogenically active. Manonai, Chittacharoen (27)
applied objective metrics to detect reduced vaginal pH, vaginal wall thickening and ameliorated
the genital tract dysfunction that develop during menopause while bone specific alkaline
phosphatase reduced, also accordant with estrogenic actions. Okamura, Sawada (3) using just 12/7
test/control participants also showed robust multiple objective actions comparing baseline and
washout while the placebo group remained unaffected. These two studies highlight the

importance of including objective, physiological end-points.

Four trials used self-assessed psychological and vasomotor actions as end-points but
crucially, none included placebo groups. Placebo-induced amelioration of menopausal

symptoms is well-known (30) during (31) and even persisting after placebo treatment ceases (32).



In 24 hormone replacement trials, hot flush intensity in placebo groups were lowered by 58 (Cl:
45-68)%, compared to ~75% in test groups (30). This corresponds to our rough calculation of
~78% fall in hot flush severity with P. mirifica. A review of 43 phytoestrogen trials found 1-59%
reduction of hot flush frequency in placebo groups but no clear additional actions in test groups
(2). However, placebo mechanisms can account for 100% of the improved cognitive and
psychiatric function (31, 33). A pooled MGCS is biased away from vasomotor symptoms (2/20
domains) towards weaker but entirely psychiatric placebo effects (7 domains). Assessment hot
flush intensity induces recall error whereas maintaining a diary of hot flush events improves
objectivity (34), reduces the placebo component (30) and has been validated (35). None of the
P. mirifica studies used diaries nor hot flush event counting. The magnitude of placebo effects
depends on expectation, the nature of the intervention, the context, and interactions with health-
care workers especially around the time the questionnaire is completed (36). No P. mirifica study
provided this information. Thus, the inability to distinguish placebo (and nocebo) effects from

genuine physiological actions precludes affirmative conclusions about P. mirifica efficacy.

Risk of bias was high for most studies also making these studies inherently unreliable.
Furthermore, reporting was laxed and the extent of data analysis limited. This has been common

in trials on herbal medicines, butstransformed by CONSORTmnow - required by many journals.

Molecular targets: Preclinical in Vitro studies have begun to define the molecular actions of some
P.mirifica components: principallyfisoflavones, miroestrolsgicoumestans at, senomic estrogen
receptor-alpha(3%) However, additional €stregen . recéptors have emerged.including G-protein-
coupled estrogen-receptor (GPER) to which isoflavenes and coumestans.bind (38). GPER loss of
function accompanies postmenopausal vascular dysfunction (39). ERs“may also participate in
non-genomic mepmbrane cell signaling, while ER splice variants coutd. play a role in post-
menopausal patholosy, (40, 41).  Tissue specific variations in jntracellular sienaling pathways
creates further complexityzBecause of the pleotropic and complexiestrogenic-actions, haphazard
preclinical studies 46 resolvéithe molecular actions complex mixtures,such as P. mirifica are

unlikely to predict clinigat,efficacyzor safety.

Active ingredients and standardization: The differing P.mirificg-preparations, inability to chemically
define and validate key P. mirifica estrogenic'components and definition of participants may also
affect outcomes. The location (14, 42) (37), plant age (2-4 years), rainfall and growing conditions,
processing and storage conditions must be rigorously monitored. The key P. mirifica estrogenic
components are still unclear. The isoflavones, genestein, daidzein, and their glucosides are
commonly used for standardization. However, isoflavone trials have little effect on menopausal
symptoms (2), estrogenicity of P. mirifica does not correlate with isoflavone content (43), and the
isoflavone content in 50 mg of P. mirifica is similar in 100 mg of soya, an amount commonly
found in human diets (44). The daidzein-C-glycoside, puerarin is often included in
standardisations, but its low bioavailabity (4nM in plasma after ingesting 10 mg, (45) and only one

study showing activity (anti-estrogenic) (46) at <InMolar likely to exist after 100 mg P. mirifica



(containing ~20ug puerarin), makes it probably therapeutically irrelevant. Thus, none of the
measured isoflavones are likely to contribute to the P. mirifica efficacy and therefore irrelevant
for standardisation. Miroestrol (and congeners) are highly potent and thought to confer the
greatest ER agonist activity but only one discovered study measured miroestrol (20ug/g) (3)
translating to an oral dose of 2ug in the 100mg/day P. mirifica powder. Neverthless, some P.
mirifica samples yielded 40 ug/100mg dry weight of total miroesterols from powdered P. mirifica
(16, 47, 48). This compares to typically 600 ug of oral CEE for humans. These small amounts of
miroesterols questions the notion of their being the sole active ingredients but instead probably
act summatively or synergistically. Coumestrol is also a potent ER ligand (3, 49). Thus,
standardization should encompass a key set of estrogenics including miroestrols and coumestans
in chromatographic “finger-printing” as required by CONSORT [herbal medicines, (22)] for future
clinical trials. The lack of any background pharmacokinetic and metabolic conversion data for
P.mirifica also complicates analysis of its action. Thus, P. mirifica estrogenicity is increased ~9-fold
by predigestion with a ‘S9’ liver extract (37). Most phytoestrogens are rendered more bioavailable
and estrogenic by the gut microbiota, commonly by deslycosylation and functional group
manipulation (50). How constituents of P. mirifica are metabelised.is'Unknown, but vitro studies
using native constituents are unlikely to help establishine clini¢al efficacy or safety. Since the
microbiota is highly variable between persons, affects are likely to vary accordingly and reporting
mean efficacy is misleading. Alternatively, standardization might rely on bioassay. The simplest
and most relevant could be rat vaginal cytology in vive'(51). Neverthetess, all the above
emphasizes the need for users to titrate doses using a convenient and objéctive metric such as

vaginal pH for optimizing effectiveness.

Safety: While no serious side-effects of oral P. mirifica (20-800 mg/day) were noted, reporting was
patchy, and eath adverse effect was unquantified, apparently without:follow-up. Mastodynia
and vaginal spotting appeared common but whether they wereybaseline er nocebo effects is
unclear. There were no thrombogenic measures and no“long-term “safety assessment of
neoplasms. In commen with otherherbalsmenopatiseitreatments, R.imirifica cannot be said to

be safe nor can its efficacytsaid to outweigh its risks.

The way forward: Many lessons can bejlearned from the discovered trials for designing future
studies. Their underlying theme should be holistic and reflect the traditional use of P. mirifica as
an anti-aging or ‘rejuvenating’ agent as recognised by the ancients. As such, this will have the
most enduring impact on clinical outcomes and quality-of-life for post-menopausal women and
single it out from other treatments. Firstly, a retrospective cohort study is needed by recruiting
P. mirifica users and matched non-users to assess their menopausal and P. mirifica dosing history,
and current vascular reactivity, metabolic indicators, bone density, vaginal pH, skin elasticity, and
cognitive function. These recruits should be prospectively followed up for several years. Besides
demonstrating any prolonged benefit, it could demonstrate whether estrogenic treatment
initiated before the ‘critical period’ (ref) during which the irreversible pathologies are set in train.

Numerous trials using classical hormone treatments have not resolved this question. Secondly, a
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short-term intervention study is needed. Its key elements should be: (i) reliable and relevant
‘finger printing” and include the relevant parameter in Table 3; (ii) inclusion criteria must account
for hormonal stutus; (iii) dose-efficacy needs establishing using a wide dose range, eg, 0, 10, 50,
and 200 mg/day. (iv) a convenient and objective end-point is needed which future users can use
for self dose-titration. Self-measured vaginal pH may fulfil this need. (v) the minimal design must
have full blinding, a placebo arm, and randomized allocation. (vi) a broad range of end-points is
needed accordant with its traditional use of rejuvenation; (vii) accordingly, data needs sub-
analyses which needs sufficient power to allow this; (viii) sufficient raw data must be lodged in
the public domain to permit alternative analyses (sometimes re-analysis have changed
conclusion, most notably in HRT trials). Thirdly, long-term outcomes and safety need evaluating.
The cohort study should be prospectively followed up over several years. Any predilection of P.
mirifica to promote gynecological neoplasms and thrombosis remains unanswered. While
measuring clotting times and clotting factors, detecting a change in cancer incidences need large
and prolonged prospective studies. Nevertheless, robust pharmacovigilance systems for herbal
medicines could make major contributions to improving safety ofsthese agents but governments

have largely failed to implement these.
Conclusion

Our study suggests that B.mirifica could be more potent'and efficacious than most other
phyto-estrogens for alleviating mengpausal symptoms using objective measures. However, no
definitive conclusions were drawn from thesfeur trials'that tested P. mirifica_on vasomotor and
psychiatric symptoms using the highly subjective™MGCS because placebo groups were absent.
However, P. mirificamay have the potential of maintaining sood general*health of older women
as suggested by itsrtraditional use. Accordingly, there is need for a clearzand systematic research
strategy that ificludes (i).cohort (retro- and prospective) studies ta'define traditional use; (i) robust
independent clifiical trialszonrwell characterized patient cohorts,“using rigerously applied design
criteria and multiple’end-points’ commensurate with multipliGity*of pathelosies faced by women

continuing past the mehopause, and (i) prospective studies and pharmacovigilance.
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