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Objective. This study aimed to evaluate the efficacy of Chinese herbal medicine (CHM) on ovarian mass, weight, sex
hormone disorders, and insulin resistance in animal models of polycystic ovary syndrome (PCOS). Methods. This systematic
review and meta-analysis was conducted through a comprehensive search in three databases to find studies testing CHM in
animal models of PCOS. Two researchers independently reviewed the retrieval, extraction, and quality assessment of the
dataset. The pooled effects were calculated using random-effect models; heterogeneity was explored through subgroup
analysis; and stability was assessed through sensitivity analysis. In addition, publication bias was assessed using the Egger’s
bias test. Results. Fifteen studies with twelve mice and 463 rats published from 2016 to 2021 met the inclusion criteria. The
results of primary outcomes revealed that CHM therapy was significantly different with control animals in ovarian mass and
testosterone (SMD, —1.01 (95% CI, —1.58, —1.45); SMD, —1.62 (95% CI, —2.07, —1.16), respectively). The secondary outcomes
as well showed an overall positive effect of CHM compared with control animals in weight (SMD, -1.02 (95% CI, —1.39,
-0.65)), follicle-stimulating hormone (FSH) (SMD, 0.58 (95% CI, 0.19, 0.97)), luteinizing hormone (LH) (SMD, —-0.94 [95%
CI, —1.25, —0.64)), homeostasis model assessment-insulin resistance (HOMA-IR) (SMD, -1.24 (95% CI, —-1.57, —0.92)).
Subgroup analyses indicated that PCOS induction drug, formula composition, random allocation, and assessment of model
establishment were relevant factors that influenced the effects of interventions. The stability of the meta-analysis was showed
robust through sensitivity analysis. The publication bias was substantial. Conclusions. Administration with CHM revealed a
statistically positive effect on ovarian mass, weight, sex hormone disorders, and insulin resistance. Moreover, these data call
for further high-quality studies investigating the underlying mechanism in more depth.

1. Introduction

Polycystic ovary syndrome (PCOS), characterized mainly
by hyperandrogenism (androgen excess, acne and/or
hirsutism) and ovarian dysfunction (failure or absence of
ovulation and/or polycystic ovarian morphology), is one
of the most common endocrine and metabolic disorders.
It affects approximately 8% to 18% of women of repro-
ductive age [1]. However, most of the drugs treating the
symptoms of PCOS were used in an off-label fashion
because no drug was approved specifically for PCOS
neither by the FDA nor by the European Medicines

Agency [2]. The first-line therapy for PCOS is lifestyle
modification via diet and physical activity [3]. Patients
with mild symptoms might not require any drug inter-
vention. Besides, letrozole and clomiphene are considered
the most common drugs recommended for patients with
PCOS who are seeking fertility [4]. According to a con-
sensus statement, the oral contraceptive pill and anti-
androgens are suggested in PCOS patients who are not
attempting to conceive [5]. Notwithstanding their effi-
cacy, clinical resistance, multiple pregnancy along with
ovarian hyperstimulation syndrome are prone to occur
with chronic treatment [6]. Considering that PCOS is a
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heterogeneous and lifelong disorder, treatment for PCOS
should be symptom-oriented and adapted to the expec-
tations of the individual patient.

Traditional Chinese medicine (TCM), attaching great
importance to individualized treatment, follows an inde-
pendent theoretical pathway to make diagnosis and
treatment plans by systematically evaluating patients’ signs
and symptoms. Gynaecological and infertility problems of
PCOS have been widely treated by TCM in China [7, 8].
Some women in southern Australia, the UK, and the USA
have also begun to use TCM in subfertility clinics [9].
Chinese herbal medicine (CHM), a kind of TCM therapy
consisting of a variety of herbs, remains controversial
because it is hard to be standardized. CHM has different
compatibility for each patient which coincides with the
principle that we should pay attention to individualized
treatment in PCOS. Notwithstanding the growing interest
in CHM, rigorous clinical trials addressing their specific
effects are lacking. These trials showed quite a few biases
related to age, genetic background, or other interfering
variables [10]. In this regard, animal models may represent
a useful tool to study the efficacy and mechanisms of
various formulas used in PCOS models that were induced
by letrozole, dehydroepiandrosterone, prasterone sodium
sulfate, or testosterone propionate. In addition, rats and
mice are ideal animal models for PCOS because they are
sensitive to sexual hormone stimulation and have a stable
estrous cycle that is easy to observe [11, 12].

The components of different formulas act synergisti-
cally in various ways [13]. Our previous study demon-
strated that Bushen Huatan Granules (BHG) and Kunling
Wan (KW) respectively ameliorated DHEA-induced PCOS
symptoms such as irregular estrous cycle, high levels of
testosterone and insulin in serum. Both BHG and KW may
attenuate the apoptosis in granulosa cells (GCs), while
BHG targets the mitochondria-dependent apoptotic
pathway and KW targets the endoplasmic reticulum stress-
dependent apoptotic pathway [14]. In addition, it is re-
ported that Guizhi Fuling Wan (GFW) inhibited GCs’
autophagy by activating the phosphatidylinositol-3-Kinase
(PI3K)/Protein Kinase B (AKT)/mammalian Target of
Rapamycin (mTOR) pathway and alleviated ovulation
disorder in PCOS-IR rats [15]. Considering the optimal
pattern of CHM therapy in various symptoms of PCOS
remains unanswered, analysis that evaluates the specific
efficacy of different formulas in rodent models of PCOS will
be prospective.

Herein, we report a systematic review and meta-anal-
ysis of data from studies testing the efficacy of CHM in
animal models of PCOS. The purpose of this study was to
provide evidence relating to the efficacy of CHM on ovarian
mass, weight, sex hormone disorders, and insulin resis-
tance in animal models of PCOS.

2. Methods

We conducted the systematic review in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [16, 17]. No animal
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work was performed in this study. Moreover, the protocol
was based on SYRCLE's systematic review protocol format
for animal intervention [18] was registered in PROSPERO
(registration number: CRD42022310345).

2.1. Search Strategy. We conducted a comprehensive search
of three electronic databases which included PubMed, Web
of Science, and Scopus from inception to February 2022.
Searches were limited to English-language publications.
Details of the search strategies are shown in Supplementary
File 1.

2.2. Inclusion and Exclusion Criteria. The experts formulated
the eligibility criteria for the current study. Publications were
considered eligible based on the following inclusion criteria:
(1) Experimental subjects are animal models of PCOS. (2)
Intervention is Chinese herbal medicine. (3) Comparison
with the PCOS group in the animal experimental studies,
with no treatment. (4) Outcomes include effects of Chinese
herbal medicine on the development or treatment of PCOS,
morphological and hormonal alterations in the animal ex-
perimental studies. The original trials should include at least
one of the following outcomes: weight, ovarian mass, fol-
licle-stimulating hormone (FSH), luteinizing hormone
(LH), testosterone, and homeostasis model assessment-in-
sulin resistance (HOMA-IR). (5) Types of study are ex-
perimental animal studies.

Furthermore, two authors examined the titles and ab-
stracts of retrieved studies. Exclusion criteria were: (1)
nonoriginal studies and no full-text articles (e.g. reviews,
editorials); (2) in vitro and in silico studies; (3) interventions
different from Chinese herbal medicines (e.g. single tradi-
tional Chinese medicine, acupuncture or monomer com-
position); (4) all species different from mouse and rat; (5)
presence of concomitant interventions in the control group.
In addition, full-texts of retrieved studies were assessed for
eligibility independently by two authors. Studies for which
was no full-text available or had no relevant outcomes re-
ported were excluded.

2.3. Data Extraction. Two reviewers independently assessed
the extraction of data. Any disagreement between them was
solved through discussion. Detailed data extraction was
collected by using the following characteristics: (1) publi-
cation details (author and year); (2) intervention used
(prescription composition, route, dose and timing); (3)
PCOS induction method; (4) animal used (species, strain,
age and weight); (5) underlying mechanism of the inter-
vention; (6) information of outcomes. Moreover, for each
comparison, we extracted data reporting the sample size per
group, mean value, and variance (SD or SEM) for both the
treatment and control group.

The sample size of the control group was divided by the
number of treatment groups to adjust the impact of the
control group [19]. When treatment was administered in
multiple doses, each dose’s data was extracted and per-
formed in separate studies. For studies only presented
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FIGURE 1: Flow diagram of publication inclusion.

graphically, we contacted the corresponding authors by
e-mail to request data. If no response was received, we used
the Image] software to quantify the results. We will exclude
studies when essential data could not be obtained.

2.4. Risk of Bias Assessment. The internal validity of the
included studies was assessed by two reviewers indepen-
dently, referencing the SYRCLE’s risk of bias tool for animal
studies [20]. The 10-item checklist of evaluation included: (1)
publication in a peer-reviewed journal; (2) control of
temperature; (3) random allocation to groups; (4) assess-
ment of PCOS model establishment; (5) blinded assessment
of outcome; (6) accurate drug production institutions; (7)
detection of estrous cycles; (8) the use of comorbidity an-
imals; (9) compliance with animal welfare regulations; 10)
statement of potential conflicts of interest.

2.5. Statistical Analysis. When the measure of variance re-
ported was Standard Error of Mean (SEM), we inverted SEM
to Standard Deviation (SD) first. Considering that different
species and measurements in animals vary greatly, we used a
standardized mean difference (SMD) to standardize the
results to a uniform scale [21].

We performed a random-effect meta-analysis to calcu-
late the SMD values with 95% confidence intervals (CI) as
the overall effects for the combined pooled outcomes which
were continuous. Heterogeneity was assessed by the Q
statistic and quantified using the I? statistic [22]. Further,
subgroup analyses, related to the impacts of interventions

with different mechanisms and characteristics, were con-
ducted to explore the sources of heterogeneity. Sensitivity
analyses were performed by repeating the primary meta-
analysis to confirm the robustness of the results. Moreover,
publication bias was assessed statistically with Egger’s bias
test with p <0.05 indicating asymmetry. RevMan 5.3 and
STATA 17 were used to perform the statistical analyses.

3. Results

3.1. Study Selection. Initially, 1178 studies were retrieved
through a comprehensive search of three databases (66 for
PubMed, 1069 for Web of Science, and 43 for Scopus), out of
which 609 nonduplicate studies were filtered out. After
reviewing the titles and abstracts, 584 studies were removed
based on predetermined exclusion criteria. Furthermore, 10
studies were excluded in the second selection phase, and 15
studies were finally included in the systematic review. A
flowchart depicting the research selection process is pre-
sented in Figure 1.

3.2. Study Characteristics. These 15 articles [14, 15, 23-35]
investigated 13 formulas and 35 treatment arms according to
dose and herb composition. The main characteristics are
summarized in Table 1. All the included studies were
conducted between 2016 and 2021. Rats were used in most of
the studies, only one study used mice. The quantity of herbal
medicine used in compounds varied greatly, which ranged
from 2 to 31. PCOS models were induced by letrozole,



(]
=
& skep oF 10 91p 1eJ BI/389°g
= S8 0 ¢ 3 ‘H-ddD 11vedLyO .
= O® as ey [B2] WM PaUIqUUOD “5Y/SUI (6 “d)eJns oM 7 - Jsear) g ST 6 we 147 aid 120T ‘IX
o wnrpos auoidjserd Jo uonoafur o's Areq °l P 42¢d1vo
R “1-ddO
S
£ (9/14 shep ge o)
& ®@ SNOW  ‘(QAH UMM paurquiod p/3H oG 9[0zo1a] SYooM § odeaeny 3y/8768C 8 |unosuodrpe jo aseafoy 714 1207 ‘nX
< £8D Jo uonpoa(ur [esuojuadenur Areq
o
g skep 1g 10J /3 0¢
B ‘ Sy /S ¢ 3 H-@I0 Tepd g
5 ®O®O®E® ds Wi QIH Wim paurquiod Sy/Swrp ozonda]  sypom y Afeaen g Bel 91 IXeqg-PIY N1 -1- ain 020T ‘Suem
= Jo uonpoa(ur [esuojuadenur Areq i PIV/AEld- 1401
m “1-add
E3 BBYT T
o9 -
m sep 17 10§ ‘uoIs[nWD mm\w,\www
O ]6]0]6] as ey 1eJ-yS1Y SLSeSenUL UM PIaUIqUIod skep ¢ o8eaen IN-MAD S NOLwW/IMV/EId MID 120T ‘nI]
M 9[0Z0I3}9] JO UOTJeI)STUTIPE [e10 ATre] /8 160
/ T-MAD
S MBesT
3 H M *$SI3S
2 /8160 . d
A M 1€ M wnynonal BEME opud
0 uonoajoid :
w& 13950 ¥ 1591 M
skep (g 10J T-M ¢ ¢
olele; as WA gyau 0 cvapd Jo uomslur s Areq AP 8T BeARD g g MY OHE 120T ‘0
‘H-DH4
B b1 . BLIPUOYD0J I
woug O OHE Jo uonemgar :DHY
/8sL0
“T-DHA
skep 1z 10y Sy/Swr | .
olelele) as B 0000 jo vonensiummpe o Areg SN NN 3y8st 4 TgX-AN/PITL ans 120z ‘Suey)
31/8 07
skep gz 10§ so[o4o ‘H-AZSq .
®0 as ¥ gy 8w 9 VAL Jo Uomalur s Areq snomso 9 PO yBor 9 LaoLw/1v/Eld PVAS: 10T “Suei(
‘T-AZS4
BN/B9TLE
‘H-41Id
skep BN/8 €981 A
OveOL  das T o0 105 Sy 1 ‘op0zoxjap jo 38eard Arey skep 1z 8eaen S 8 TdOHO-PALV-¥dd AL 1207 ‘ued
8es
‘T-ALId
uoneInp sadfy qroy .
SawodINQ ureng sapadg spoyiowr uonodNpur SODJ —— anoy  (s)esoq Jo Kimuendy WSTUBYIIA uonuaAIU]  Iedk Joyny

'SIIpN]S papnour Jo SONSLIdldeIRyD) [ d1dV],



Evidence-Based Complementary and Alternative Medicine

NAI-VIWOH @ ‘HT ® ‘HSd ® 9YSem ® 9u013)s03s33
@ ‘sSewI UBLIEAO (D) :SjudumaInsedw awoonQ ‘Aome-anderds ‘qs :ureng -ajeuordoid auo12)s03sa) ‘dJ, ‘snoauenoqns 0°§ 9a1p 1eJ-ydy (qIH ‘@uorsisorpuerdeorpAysp :yIHJ SPOYIdW uondonpur SODJ
‘pauonULW JOU (AN :93n0Y F 103dada1 aNI] [[0} :FYTL ‘1 ovumonﬁﬁom vV %:E&n_sm ‘L1 E_E& ‘0svd oEoEuoKu “V/120SFd Oserewrore )Gy ‘wore)syd momm:_x-m-ﬁozmociﬁumg%osm DICI oseun] wnnonax 1|
I Y¥Ad ‘re¢ apndad4od Sunzodsuen uorue otuedro ‘1yed VO ‘19¢ opndad4jod Suniodsuer) uorue stueSio ‘1gzd Ly O ‘g-eddey 10108y reapnu ‘gy-IN ‘udureder jo joS1e} uerewwewr YO, LW ¢ -23eIISqNs
103do0ar urnsur ‘7-9Y[ ¢1-1030J [IMOI3 NI[-UIMsuI ‘[-ID] Y1 urlold xoq peaypyIo] Y10XOd urjoid snoSojowoy Jgq/D) ‘dOHD ‘g-ewoydwA] [[99-g ‘7-[od X pareosse-z1Dg ‘Xeq g oseuny urajoird
IV % 10308] uondiosuer) UONRATIOR i, Iy ‘WISTURYIIA "UOTIO00P b3uer( nmnoys ‘(J(S ‘uond039p Omuﬁmw.o&omam ‘ans sd wcmsﬁﬁ TomnI[ ‘HAMT ‘uem wn:ﬁ& ‘MY ‘ues 1bay TOIH ‘uem m::& qzm$
‘MID ‘1zoen nyzuayz Suej ny 71, SU0NO009p urjoepnSued (IJD ‘U0I0059p und-nyz-usys-nq ‘1 Zsq ‘enurroy Juoypoern niail usysnq S11.(q sonueid uejeny usysnq ‘OH{ nsdes m3 oeq OO "SUOTIUAIANU]

3/889¢
skep 7§ 10J mﬁwwhwwﬁ
elelole) as °L ‘@IH Ym paurquod Sy/Swop @jeyns  sep g1 aSeaen N-aIfS 9 losgd MeId L 1-s41 arls 9107 ‘Suepm
wnipos suoidyserd jo uonoafur o's A[req wx\m oy
71-dfs
skep 0z 10§ . c
olelole) A W gy gugg yagq Jo uondsfur s Areq sdep 0¢ rIO  /BT8 4 LIMV/MEld I04H L10T ‘0eyZ
84/8 05
‘H-aD$
OOeEOL NN g BB | $oaMm ¢ ©I0 BB ST 4 Tgx-AN ans 6102 ‘0eyS
9]0Z0139] JO UOnEISIUTWpE [e10 A[Te(] l I IN-ADS !
BgTr
“1-ans
"skep 610C
@0 TSI R o ednd/Bw oz dl jo uomoefu g A% 09 WN  33/3w 0T S winTo 0£02-8XA  yppnusszy
3/B9¢
sdep [z 103 ‘QIH UMM pauIquiod ‘H-HAMT1 .
@O®OOL  das ey Syy/3ur 1 oj0z0139] Jo 2Feard Aqreq sdep 1z NN gy g0 9 LVIOXOd/IMV/Eld  HAMT 0207 ‘M1O
T-HAMT
/8450
skep ‘H-094 WwLNTO | woreosyd .
®0 as ! 1¢ 103 3/8w T 9[ozonay Jo a3eaes Areq oM € ageaen /8870 a T0L120S7d odd 0coc "uerT
11-004
NPT
sAep G¢ 10j ‘voIS[NUId mm\.w\/\www v10p
@0 as 'Y 3Eg-ySiy oLseSenul YHUM pauIquiod skep g¢  ofeaen " M S eunsoyur o adeysoy MdAD 0207 ‘nyZ
By/8wr 1 9[0zonad] jo afeaed Areq M\M\w ﬂmw [eut 1oy q
“T-MAD
SWI0IIN, ®. saad Spoylo ononpur uoneInp N0 SENY mw&b Y STuRyYdd OTJUIAII! A “T0UIN
woonQ  ureng  sapadg poyiewr uondnpur SODJ wounear;, 0¥ (s)asoq Jo Anuend) WISTURYIIN UONUSAIOINI]  JedA IOy

ponunuo) 1 AIdV],



Publication in a peer-reviewed journal
Control of temperature

Random allocation to groups

Assessment of PCOS model establishment
Blinded assessment of outcome

Accurate drug production institutions
Detection of estrous cycles

The use of comorbidity animals
Compliance with animal welfare regulations

Statement of potential conflicts of interest

Evidence-Based Complementary and Alternative Medicine

0 25 50 75 100
passed study quality criteria

I Yes

mm No

FIGURE 2: Study quality assessment of the included publications.

dehydroepiandrosterone (DHEA), prastenone sodium sul-
fate, or testosterone propionate (TP). Moreover, the char-
acteristics of the administration route differed sketchily
among the studies. Nine studies administered the CHM by
gavage, three indicated the oral route without specifications,
and three studies did not mention the administration route.
With regard to the outcomes of interest to us, the 15 articles
contained 13 comparisons for ovarian mass and 31 com-
parisons for testosterone as the primary outcomes. Weight
(in 19 comparisons), FSH (in 20 comparisons), LH (in 21
comparisons), and HOMA-IR (in 18 comparisons) were
assessed as the secondary outcomes.

3.3. Study Quality. The median study quality score was 7 of a
possible 10 (interquartile range, 5 to 8). All studies included
were published in peer-reviewed journals. Twelve articles
(80%) reported control of temperature during study. Ten
articles (67%) indicated random allocation. The criteria
assessing PCOS model establishment were reported in seven
articles (47%). No article reported a blinded assessment of the
outcome, and only one publication did not report the accurate
drug production institutions. Nine articles (60%) detected
estrous cycles before the experiment. Relevant comorbidity
was modeled in seven studies (47%). Besides, only one article
did not report compliance with animal welfare and a conflicts
of interest statement. Figure 2 and Supplementary Table 1
provide detailed information about each study quality.

3.4. Primary Outcomes

3.4.1. Ovarian Mass. Six studies, including 13 comparisons
measured the efficacy of CHM in PCOS. Overall, the ran-
dom-effect model showed that administration of CHM led

to a significant decrease of ovarian mass in animal models of
PCOS (SMD = -1.01, 95% CI: —1.58 to —0.45). Heterogeneity
between studies was substantial (I”=52%) (Figure 3(a)).

3.4.2. Testosterone. Thirteen studies, including 31 compar-
isons reported testosterone. The random-effect model
showed that CHM therapy was associated with a significant
difference compared with the control group (SMD =-1.62,
95% CI: —2.07 to —1.16). Heterogeneity between studies was
substantial (I* =59%) (Figure 3(b)).

3.5. Secondary Outcomes

3.5.1. Weight. Seven studies, including 19 comparisons
reported weight. The random-effect model showed that
CHM therapy was associated with a significant difference
compared with the control group (SMD =-1.02, 95% CI:
—-1.39 to —0.65) (Figure 3(c)).

3.5.2. FSH. Nine studies, including 20 comparisons re-
ported FSH. The random-effect model showed that CHM
therapy was associated with a significant difference com-
pared with the control group (SMD =0.58, 95% CI: 0.19 to
0.97) (Figure 3(d)).

3.5.3. LH. Ten studies, including 21 comparisons reported
LH. The random-effect model showed that CHM therapy
was associated with a significant difference compared with
the control group (SMD =-0.94, 95% CI: —1.25 to —0.64)
(Figure 3(e)).
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Study or Subgroup Experimental Control Weight Std. Mean Difference Std. Mean Difference
Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
BJTF-H 2021 61.5 10.16 8 71.12 10.16 2 6.9% —0.86 [-2.48, 0.77] -/
BJTF-L 2021 74.33 16.04 8 71.12 10.16 2 7.3% 0.19 [-1.37, 1.74] -1
BJTE-M 2021 57.75 10.16 8 71.12 10.16 2 6.6% -1.19 [-2.88,0.50] - I
BSZY-H 2021 7791 20.15 10 110.15 309 5 9.4% -1.27 [-2.46, -0.07] /]
BSZY-L 2021 107.46 28.21 10 110.15 309 5 10.2% —0.09 [-1.16, 0.99] _
CFD-H 2020 117.5 26.96 10 157.09 17.61 5 9.1% -1.52 [-2.77,-0.28] —_
CFD-L 2020 139.55 11.99 10  157.09 17.61 5 9.5% -1.18 [-2.36, —0.00] /]
DXB-2030 2019 57.95 13.41 10 6749 19 10 11.5%  —0.56 [-1.45,0.34] -
LWDH-H 2020 133.68 29.02 10 145.08 21.76 5 10.1% —0.40 [-1.48, 0.69] -
LWDH-L 2020 139.9 21.76 10 145.08 21.76 5 10.2% —0.22 [-1.30, 0.85] ™
SGD-H 2019 71.36 6.55 8 109.95 3.64 2 2.3% —5.57 [-9.06, —2.07] —_—
SGD-L 2019 91.75 5.83 8 109.95 3.64 2 4.5% -2.93 [-5.20, -0.67] —
SGD-M 2019 80.83 51 8 109.95 3.64 2 24%  -5.32[-8.70,-1.95] e
Total (95% CI) 118 52 100.0% —1.01[-1.58, -0.45] *
Heterogeneity: 72 = 0.51; x> = 25.06, df = 12 (P = 0.01); I* = 52% 7i0 ,'5 0 é 1'0
Test for overall effect: Z = 3.52 (P = 0.0004) Favours [experimental] Favours [control]
(a)
Study or Subgroup Experimental Control Weight Std. Mean Difference Std. Mean Difference
Mean  SD Total Mean SD Total 1V, Random, 95% CI 1V, Random, 95% CI
BGC-H 2020 12.84 1.4 9 2487 181 4 1.3% -7.35[-10.93,-3.77]
BGC-L 2020 14.04 1.2 9 2487 181 4 1.3% -7.23 [-10.76, -3.70]
BHG-H 2021 11.76  11.99 8 56.13 1559 1 1.8% -3.29[-6.19,-0.39] -
BHG-L 2021 986 10.79 8 56.13 1559 1 1.6% -3.81[-6.95, -0.68] -
BHG-M 2021 721 1079 8 56.13 1559 1 1.5% —4.03 [-7.27,-0.79] -
BJTF-H 2021 2444 681 8 2741 83 2 3.6% —0.38 [-1.95,1.18] -1
BJTF-L 2021 2326 741 8 2741 83 2 3.6% —0.50 [-2.07, 1.08] -
BJTF-M 2021 19.41 7.7 8 2741 83 2 3.5%  —0.93 [-2.56,0.71] -1
CFD-H 2020 60.73 631 10 68.61 11.04 5 4.6% —0.92 [-2.06, 0.22] ]
CFD-L 2020 5994 7.89 10 6861 11.04 5 4.6% —-0.91 [-2.05, 0.23] ]
DXB-2030 2019 0.05 006 10 024 02 10 4.9% -1.23[-2.21,-0.26] -
FTZ 2021 0.21 025 6 083 03 6 3.7% —2.07 [-3.59, -0.55] -
GFW-H 2020 0.76 031 12 117 028 4 43% -1.28 [-2.52,-0.04] ]
GFW-H 2021 0.75 073 12 1.07 09 4 4.5% —0.39 [-1.54, 0.75] -T
GFW-L 2020 0.79 028 12 117 028 4 43% -1.28 [-2.53,-0.04] ™
GFW-L 2021 0.78 052 12 1.07 09 4 4.5% —0.44 [-1.59, 0.70] T
GFW-M 2020 0.76 031 12 117 028 4 43% -1.28 [-2.52,-0.04] ™
GFW-M 2021 0.76 057 12 1.07 09 4 4.5% —0.45 [-1.59, 0.70] -T
HEQI 2017 6219 2398 10 9557 7195 10 51%  —-0.60[-1.50,0.30] I
KW-H 2021 948 959 8 56.13 1559 1 1.4% -4.32[-7.70,-0.94] -
KW-L 2021 948 1079 8 56.13 1559 1 1.6% —3.84[-6.99, -0.69] -
KW-M 2021 7.58 7.2 8 56.13 1559 1 1.0% -5.99 [-10.23,-1.76] -
LWDH-H 2020 1.42 031 10 9.66 354 5 2.9% -3.92 [-5.87,-1.96] -
LWDH-L 2020 2.38 031 10 26 035 5 4.6% —0.64 [-1.75, 0.46] =T
SGD 2021 2695 804 10 3424 884 10 51% -0.83[-1.75,0.10] ]
SGD-H 2019 046 018 8 087 025 2 3.0% -1.95[-3.85,-0.05] 7
SGD-L 2019 0.48 022 8 087 025 2 3.2% —-1.57 [-3.36, 0.21] ]
SGD-M 2019 0.47 025 8 087 025 2 3.3% —1.45 [-3.20, 0.30] Bl
SJD-H 2016 1.85 023 8 498 046 2 0.5% —10.48 [-16.58, —4.38]
SJD-L 2016 395 032 9 498 046 2 27% -2.78 [-4.89,-0.67] I
SJD-M 2016 4.11 042 9 498 046 2 32% —1.87 [-3.69, -0.06] ]
Total (95% CI) 288 112 100.0% -1.62[-2.07, —1.16] ¢
Heterogeneity: 7* = 0.84; y* = 73.11, df = 30 (P < 0.0001); I* = 59% —iO _'5 0 é 1'0
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(®)
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BGC-H 2020 307.78 2222 9 34222 16.67 4 7.3% —1.54[-2.91,-0.16] _'_
BGC-L 2020 31444 778 9 34222 16.67 4 54% —2.36 [-3.96,-0.76]
BHG-H 2021 241.62 4128 8 251.35 36.69 1 3.2% —-0.21 [-2.29, 1.87] I
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BHG-M 2021 24486 32.11 8 251.35 36.69 1 3.2% -0.18 [-2.26, 1.90] -1
BJTF-H 2021 3183 2553 8 33532 17.02 2 5.5% -0.62 [-2.21, 0.96] /1
BJTF-L 2021 320 30.64 8 33532 17.02 2 5.6% —0.47 [-2.04, 1.10] /1
BJTF-M 2021 31149 2213 8 33532 17.02 2 5.1% -1.00 [-2.65, 0.65] -
BSZY-H 2021 156.11 213 5 168.06 171 2 0.8% -490([-9.12,-0.69] —
BSZY-L 2021 160.38 256 5 168.06 1.71 2 1.9% —2.68 [-5.36, 0.00] -
CFD-H 2020 366.73 12.06 10 393.74 181 5 8.1% -1.79 [-3.10, —0.48] -
CFD-L 2020 383.25 18.36 10 393.74 181 5 11.5%  —0.54 [-1.64, 0.56] T
KW-H 2021 24486 32.11 8 251.35 36.69 1 3.2% —0.18 [-2.26, 1.90] A
KW-L 2021 248.11 36.69 8 251.35 36.69 1 3.2% —0.08 [-2.16, 2.00] A
KW-M 2021 251.35 36.69 8 251.35 36.69 1 3.2% 0.00 [-2.08, 2.08] I B
SGD 2021 308.98 17.29 10 328.13 23.06 10 16.0% —0.90 [-1.83,0.03] ™
SGD-H 2019 29556 18 8 32949 22 2 4.2% —1.65 [-3.46, 0.15] -1
SGD-L 2019 306.87 16 8 32949 22 2 4.8% —-1.21 [-2.90, 0.48] - I
SGD-M 2019 30545 14 8 32949 22 2 45%  -1.43[-3.17,0.32] -
Total (95% CI) 154 50 100.0% -1.02[-1.39, —0.65] *
Heterogeneity: y* = 15.45, df = 18 (P = 0.63); I* = 0%
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FiGgure 3: Continued.



Evidence-Based Complementary and Alternative Medicine
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BJTF-H 2021 053 052 8 1.19 049 2 32% -1.15[-2.83,0.53] B
BJTF-L 2021 0.84 036 8 1.19 049 2 34% -0.83[-2.45,0.78] 1
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CFD-H 2020 2773 636 10 3727 682 5 59% -1.38[-2.60,-0.16] _'_
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LWDH-H 2020 447 13 10 733 155 5  49% -1.95([-3.29,-0.60] -
LWDH-L 2020 547 087 10 733 155 5 56% -1.56[-2.81,-0.30] -
SGD 2021 42.78 17.61 10 50.89 12.01 10 10.2% -0.52[-1.41,0.38 T
SGD-H 2019 7725 212 8 84 19.09 2 34% -0.87[-2.49,0.76 -1
SGD-L 2019 75.75 16.97 8 84 19.09 2 3.6% —0.43[-2.00,1.14 1
SGD-M 2019 795 212 8 84 19.09 2 3.6% -0.58[-2.16,1.01 /1
SJD-H 2016 822 178 8 843 143 2 37% -0.11[-1.66,1.44 -1
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BJTF-M 2021 1941 77 8 2741 83 2 35% —0.93[-2.56,0.71] a
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DXB-2030 2019 005 0.06 10 024 02 10 49% -1.23[-2.21,-0.26] -
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GFW-L 2021 078 052 12 1.07 09 4 45% -0.44[-1.59,0.70] -T
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KW-M 2021 758 72 8 5613 1559 1 1.0% —5.99 [-10.23, -1.76] -
LWDH-H 2020 142 031 10 9.66 3.54 5 29% —3.92[-5.87,-1.96] -
LWDH-L 2020 238 031 10 26 035 5 46% —0.64[-1.75,0.46] ™
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SJD-H 2016 185 023 8 498 046 2 05% -10.48[-16.58,-4.38] —
SJD-L 2016 395 032 9 498 046 2 27% -2.78([-4.89,-0.67] .
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Total (95% CI) 288 112 100.0% -1.62 [-2.07, ~1.16] ’
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BHG-H 2021 315 149 8 501 217 1 2.2% -1.11 [-3.30, 1.08]
BHG-L 2021 3.07 206 8 501 217 1 2.3% —0.84 [-2.98,1.30] —
BHG-M 2021 287 16 8 501 217 1 2.2% -1.19 [-3.39, 1.02] —
CFD-H 2020 415 065 10 502 095 5 7.9% -1.08 [-2.25,0.08] ——
CFD-L 2020 473 073 10 502 095 5 9.1% —0.34 [-1.42,0.74] I
GFW-H 2020 75 326 12 1481 887 4 6.8% —1.38 [-2.63,-0.12] e
GFW-H 2021 6.82 497 12 14.62 8.08 4 7.0% —1.28 [-2.52,-0.04] e
GFW-L 2020 921 624 12 14.81 887 4 7.8% —0.77 [-1.94, 0.40] -
GFW-L 2021 9.06 621 12 14.62 8.08 4 7.8% —0.79 [-1.96, 0.38] - 1
GFW-M 2020 837 558 12 14.81 887 4 7.5% —0.95 [-2.14, 0.25] e —
GFW-M 2021 7.8 435 12 14.62 8.08 4 7.1% -1.20 [-2.43,0.03] e
HEQI 2017 245 088 10 474 112 10 8.0% —2.18[-3.33,-1.02] e
KW-H 2021 444 251 8 501 217 1 2.5% —0.20 [-2.28,1.88] ]
KW-L 2021 319 114 8 501 217 1 2.1% -1.42 [-3.67,0.84] R
KW-M 2021 291 171 8 501 217 1 2.2% -1.09 [-3.28,1.09] L
LWDH-H 2020 933 116 10 13.16 249 5 5.5% —2.14 [-3.53,-0.74] .
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Total (95% CI) 178 68 100.0% —1.24[-1.57,-0.92] &
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FIGURE 3: Forest plots of outcomes. (a) Ovarian mass; (b) testosterone; (c) weight; (d) FSH; (e) LH; (f) HOMA-IR.
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3.5.4. HOMA-IR. Seven studies, including 18 comparisons
reported HOMA-IR. The random-effect model showed that
CHM therapy was associated with a significant difference
compared with the control group (SMD =-1.24, 95% CI:
-1.57 to —0.92) (Figure 3(f)).

3.6. Subgroup Analyses. The heterogeneity of the secondary
outcomes which included weight, FSH, LH, and HOMA-
IR is little (I* = 0%; I* = 40%; I* = 6%; I* = 0%, respectively).
The pooled estimates for studies in meta-analyses of
ovarian mass and testosterone exhibited substantial het-
erogeneity (I*=52%; I* =59%). Subgroup analyses were
conducted to identify the source of heterogeneity with five
covariates (PCOS induction drug, formula composition,
control of temperature, random allocation, and assess-
ment of model establishment).

For ovarian mass, administration of formulas with
different compositions may be a possible source of het-
erogeneity (P = 0.003) (Supplementary Figure 1B). Besides,
treatment effects were higher in studies that reported ran-
dom allocation (P = 0.02) (Supplementary Figure 1D) and
in studies that reported assessment of model establishment
(P =0.05) (Supplementary Figure 1E). Overall, analyses
showed that PCOS induction drugs and control of tem-
perature did not account for the heterogeneity and different
estimates of efficacy for ovarian mass (P = 0.44; P = 0.47)
(Supplementary Figures 1A/1C).

For testosterone, we found significant impact of different
formulas used in the PCOS model (P <0.01) (Supplemen-
tary Figure 2B). Analysis showed that PCOS induction drug
may account for a proportion of the heterogeneity of the
efficacy for testosterone (P =0.07) (Supplementary
Figure 2A). The other covariates including control of
temperature, random allocation, and assessment of model
establishment were shown to be irrelevant to the hetero-
geneity (P =0.7; P=0.2; P =0.28, respectively) (Supple-
mentary Figures 2C/2D/2E).

Furthermore, considering that various formulas have
different emphasis on the improvement effects, subgroup
analyses of formula composition for the other outcomes
were conducted. Analyses showed that in concluded studies
the effect of Shaoyao-Gancao Decoction (SGD) on reducing
ovarian mass was the best (SMD =—-4.16, 95% CI: —5.91 to
—2.4), the effect of Bao Gui capsule (BGC) on reducing
testosterone was the best (SMD =-7.29, 95% CI: -9.8 to
—4.77), the effect of Bu-Shen-Zhu-Yun Decoction (BSZY) on
reducing weight was the best (SMD =-3.32, 95% CI: -5.58
to —1.06), the effect of Liuwei Dihuang Pills (LWDH) on
improving FSH was the best (SMD =1.98, 95% CI: 0.18 to
3.79), the effect of Cangfudaotan Decoction (CFD) on re-
ducing LH was the best (SMD=-1.89, 95% CI: -3.09 to
—0.69), and the effect of Shouwu Jiangqi Decoction (SJD) on
reducing HOMA-IR was the best (SMD =-2.66, 95% CI:
—4.11 to —1.22) (Figure 4 and Supplementary Figure 3).

3.7. Sensitivity Analyses. The sensitivity analysis was per-
formed by removing one study at a time to confirm and
account for the stability of the results. The pooled sensitivity

analyses showed that the results would not be affected by
excluding any study, which suggested that the stability of the
results remained robust (Supplementary Figure 4).

3.8. Publication Bias. The Egger’s bias test was performed to
identify the potential publication bias. For ovarian mass,
FSH and testosterone, significant publication bias was de-
tected (P <0.01) (Figures 5(b), 5(c) and 5(e)).

4. Discussion

In this study, we performed a meta-analysis aimed at
assessing the efficacy of CHM therapy in animal models of
PCOS. Compared with other publications, the strengths of
this study consisted of only animal experiments being in-
cluded for the meta-analysis which differed from the ana-
lyses for comparing randomized controlled trials (RCTs)
[10, 36], different formulas and doses being compared to
verify the most appropriate treatment, and multivariate
subgroup analyses of square law and experimental design.
Overall, results of the study indicated that some specific
features of PCOS (ovarian mass, weight, sex hormone dis-
orders, and insulin resistance) were ameliorated by CHM.
Specifically, the ovarian mass, testosterone, weight, LH, and
HOMA-IR were decreased, and the FSH was increased. The
outcomes of ovarian mass and testosterone represented
substantial heterogeneity, and their sources mainly were
formula composition, random allocation, assessment of
model establishment, and PCOS induction drug. According
to the subgroup analyses, different formulas showed dif-
ferent emphasis on the improvement effects on various
symptoms of PCOS. Besides, the Egger’s bias test showed
substantial publication bias in the outcomes of ovarian mass,
FSH, and testosterone.

Overall, the study quality of the studies included was
moderate, and there was little difference in the quality of
articles. We tried to perform a correlation analysis between
the quality and the year of the study, but no statistical
correlation was found (data not shown). Among the 15
studies, 10 publications reported the random allocation,
and no publication mentioned the blinded assessment of
outcomes, which implied that in the animal models
blinding methods are usually seen as technical difficulties.
Given that failure to perform blind assessment might lead
to overestimation of effect sizes, we recommend following
more standardized experimental standards in preclinical
studies. Besides, contrary to our expectations, randomi-
zation to group was associated with a higher improvement
in outcomes of testosterone. We speculate that expected
results may be anticipated if they follow strict experimental
criteria.

Seven publications reported the assessment of the PCOS
model establishment. In our study, the best effect was seen in
the publication that evaluated the PCOS model establish-
ment before intervention. This was probably because the
improvement of phenotype by CHM was more remarkable
in the exact model. 7 publications employed comorbidity
animals with obesity, hyperglycemia, or chronic stress states
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FIGURE 4: Forest plots of efficacy of different formulas on PCOS in animal models. (a) Ovarian mass; (b) testosterone; (c) weight; (d) FSH; (e)

LH; (f) HOMA-IR.

which may be more in line with the pathophysiology of
PCOS patients [37, 38].

It has been estimated that as many as 38% to 88% of
women with PCOS are overweight or obese, but that does
not mean obesity is a defining feature of PCOS as the
syndrome is also seen in women of normal weight [39].
Hyperandrogen, metabolic dysfunction, and insulin resis-
tance caused by PCOS are the significant predisposition of
weight gain [40]. The subgroup analyses exploring the source
of heterogeneity of ovarian mass and weight revealed that
better effectiveness was shown in letrozole-induced models
(Supplementary Figure 1A/Figure 5). Among the studies
included, 9 publications used letrozole, 3 publications used
prasterone sulfate sodium, and only one publication used
testosterone propionate. As a nonsteroidal aromatase in-
hibitor, letrozole restrains the conversion of androgen to
estrogen, leading to androgen accumulation and ultimately
recapitulating both reproductive and metabolic PCOS
phenotypes in rats and mice [41, 42]. The PCOS models
induced by testosterone propionate were characterized by
high blood free testosterone level, low LH and FSH values,

which can last for a long time [43, 44]. As another androgen
induction method, DHEA and prasterone sulfate sodium
require shorter modeling time than testosterone propionate
and are closer to the pathogenesis of PCOS [45, 46]. In
addition to the modeling methods mentioned in this study,
estradiol valerate, insulin combined with human chorionic
gonadotrophin (HCG), and progesterone combined with
HCG have also been used in other studies to induce PCOS
models [47-49]. There were also studies modeling PCOS
through torsion-detorsion and found that apoptosis caused
by oxidative stress is an important factor in ovarian tissue
damage [50]. Afterwards, they found that Galega officinalis
extract and coenzyme Q10 could reverse this pathological
change [51]. As PCOS is a highly heterogeneous disease, an
animal model that can fully simulate the clinical charac-
teristics of PCOS is not realistic. We suggest that appropriate
modeling methods should be selected according to the
purpose of the study.

Systematic review of preclinical studies is conducive to
exploring the potential mechanism of CHM in ameliorating
symptoms of PCOS. Our study included 2 publications with
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FIGURE 5: Publication bias assessment. Egger’s test for (a) weight; (b) ovarian mass; (c) FSH; (d) LH; (e) testosterone; (f) HOMA-IR.

SGD as the intervention. The efficacy of SGD on decreasing
ovarian mass was the best. SGD might reduce the phos-
phorylation of nuclear factor kappa-B (NF-kB) p65, sup-
press toll like receptor 4 (TLR4)/NF-kB signaling pathway,
remodel gut microbiome structure, and protect gut barrier,
which leads to ameliorate the inflammatory response in the
ovary of PCOS rats [25, 33]. As the most effective formula to
reduce high testosterone, BGC decreased the expression of
P450c17a and increased the expression of P450arom to
improve hyperandrogenism [30]. There were also studies on
the effect of CHM on ovarian granule cell apoptosis through
the PKR-like Reticulum Kinase (PERK)-ATK4- C/EBP
homologous protein (CHOP) signaling pathway, PI3K/
AKT/mTOR pathway, and P13K/AKT/Forkhead Box Pro-
tein O1A (FOXO1A) pathway [15, 23, 24, 31]. Furthermore,
studies on the mechanism of CHM improving PCOS insulin
resistance generally explored the glucose transporter 4
(GLU4) related pathways [27, 32].

PCOS is a very complex disease in the human body.
Animal experiments can simplify the complex pathological
process, and subtle research on various inducing factors can
be carried out to recommend the best effect of the CHM
formula on PCOS patients with different pathogeny char-
acteristics in clinic. Compared with clinical trials, re-
searchers can more accurately control the dose and method
of administration in animal research, without considering
the patient’s compliance and other difficult problems in
clinic. In the meanwhile, animal research is convenient to
obtain materials, and the expression of molecular markers
can be easily evaluated. This enabled our systematic review
to summarize the mechanism of CHM in ameliorating
symptoms of PCOS. Besides, our results pointed out that the
efficacy of CHM prescriptions on various models was dif-
ferent, which indicated that the clinical application should

also give attention to the advantages of individualized
treatment of CHM.

The pooled sensitivity analyses showed the stability of
the results. The Egger’s bias test suggested the substantial
presence of publication bias in ovarian mass, FSH, and
testosterone, which indicated that the efficacy might be
overestimated. Only English-language studies being in-
cluded may account for the publication bias. Our initial plan
was to include at least 10 articles in each result, but the reality
is that some important outcomes were not assessed in the
included articles. Even though the number of articles in
some results did not meet the protocol, we still conducted
the data integration. Our study also has the following
limitations: First, the publications included were searched in
English-language databases, so the databases in other lan-
guages were excluded. Moreover, gray literature and neg-
ative results were also lacking. Second, the number of studies
assessing the pregnancy rate and litter size is too limited to
conduct the meta-analysis, which means the effect of CHM
on infertility in animal models could not be evaluated. Third,
only one study used the mice model, so we could not
conduct the subgroup analysis by species. Finally, although
we tried to analyze more outcomes, the limited quantity of
included studies made it unpractical.

5. Conclusion

To the best of our knowledge, this is the first systematic
review and meta-analysis that evaluated the efficacy of CHM
on PCOS in animal models. We concluded that CHM
resulted in improvements in ovarian mass, weight, FSH, LH,
testosterone, and HOMA-IR in animal models of PCOS. The
improvement effects of different formulas are targeted. For
instance, SGD reduced ovarian mass the most, and BGC
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decreased testosterone levels the most. Furthermore, we
suggest using PCOS modeling drugs that meet the research
purpose when studying different mechanisms. Overall, the
results should be interpreted with caution because of sub-
stantial heterogeneity and publication bias.
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