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Abstract: Objective: Thin endometrium (TE) is an important factor associated with embryo implantation failure and 
adverse pregnancy outcomes during assisted reproductive treatment. This study investigated the clinical efficacy of 
fixed-dose motherwort injection (MI) combined with different doses of compound estradiol/dydrogesterone tablets 
(CPET) in the treatment of TE, evaluated its effects on endometrial receptivity, and determined the optimal thera-
peutic dose of CPET. Methods: A retrospective propensity score-matched cohort study was conducted. Patients with 
TE treated between August 2024 and October 2025 were included. After 1:1:1 PSM, patients were matched into 
a control group, a low-dose CPET group, and a high-dose CPET group, with 58 patients in each group. The control 
group received MI alone, whereas the low- and high-dose CPET groups received different doses of CPET in addition 
to MI. The intervention lasted for three consecutive cycles. Endometrial morphology and hemodynamic parameters 
were assessed by transvaginal ultrasonography. Serum sex hormones and cytokines were measured by ELISA, and 
peripheral-blood mRNA expression of receptivity-related genes was detected by qPCR as an exploratory systemic 
molecular marker. Clinical pregnancy outcomes, safety, and cost-effectiveness were also analyzed. Results: After 
treatment, all three groups showed improvements in endometrial thickness, endometrial volume, the proportion of 
type A endometrium, and blood perfusion. The high-dose group exhibited the greatest improvement, followed by the 
low-dose group and the control group. In the high-dose group, serum VEGF, IGF-1, and LIF levels increased, whereas 
TGF-β1 levels decreased; meanwhile, peripheral-blood mRNA expression levels of ITGAV, ITGB3, HOXA10, SPP1, 
and KDR increased in a dose-dependent manner (P<0.05), providing exploratory transcriptional evidence rather 
than direct confirmation of protein expression in endometrial tissues or signaling pathway activation. The clinical 
pregnancy rate and live birth rate in the high-dose group reached 51.7% and 44.8%, respectively, both higher than 
those in the control group. No significant differences were observed in early or late miscarriage rates among the 
three groups (P>0.05). Adverse reactions were mainly mild, and the overall incidence of adverse reactions did not 
differ significantly among groups (P>0.05). The high-dose group also showed a more favorable cost-effectiveness 
profile. Conclusion: MI combined with low- or high-dose CPET may improve endometrial receptivity and pregnancy 
outcomes in patients with TE. In this retrospective cohort, the high-dose regimen showed favorable short-term ef-
ficacy, tolerability, and cost-effectiveness. However, further studies using endometrial tissue samples are required 
to verify protein-level changes and the specific signaling pathways underlying the observed clinical effects.
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Introduction

Infertility remains a major clinical concern 
among couples of reproductive ages. Although 
assisted reproductive technology has markedly 
improved the treatment outcomes of infertility, 
recurrent implantation failure remains one of 
the major factors limiting the success rate of 
IVF/ICSI [1]. Thin endometrium (TE) is usually 
defined as an endometrial thickness of ≤7 mm 
or <7 mm, and different studies have reported 
an incidence of approximately 2.4%-8.5% in 
assisted reproductive treatment cycles [2]. 
Previous studies have reported lower clinical 
pregnancy and live birth rates in patients with 
reduced endometrial thickness, indicating a 
close association between TE and adverse out-
comes after assisted reproduction [3].

At present, estrogen therapy remains a com-
monly used pharmacological strategy for TE 
management. The choice of preparation, route 
of administration, and dosage regimen is usu-
ally guided by the endometrial preparation pro-
tocol and the patient’s response [4]. Existing 
studies suggest that different 17β-estradiol 
regimens may lead to differences in serum 
estradiol levels, endometrial thickness, and 
pregnancy outcomes. However, no universally 
accepted optimal dose has yet been estab-
lished. Therefore, clinical treatment still re- 
quires a balance between the benefits of endo-
metrial proliferation and the safety risks relat-
ed to estrogen use [5]. Intrauterine perfusion, 
stem cell therapy, and platelet-rich plasma 
therapy have yielded encouraging results in 
some small studies. However, their clinical use 
remains limited by cost, procedural invasive-
ness, and uncertainty regarding reproducible 
efficacy [6]. Traditional Chinese medicine (TCM) 
may improve the endometrial microenviron-
ment through multi-target and multi-pathway 
regulation [7]. Motherwort injection (MI) is a 
purified single-herb preparation derived from 
the traditional Chinese medicine motherwort. 
Leonurine is regarded as one of its main active 
components, and in TCM theory, MI is con- 
sidered to promote blood circulation, remove 
blood stasis, induce diuresis, and reduce swell-
ing. Clinically, it has been widely used for gyne-
cological hemorrhagic diseases and endome-
trial injury repair [8]. In China, MI is also one of 
the commonly used drugs for TE, postpartum 
hemorrhage, uterine subinvolution, and other 
gynecological conditions [9, 10]. Recent phar-

macological studies suggest that MI may im- 
prove endometrial blood perfusion and allevi-
ate fibrosis, thereby potentially enhancing es- 
trogen-related endometrial proliferation [11]. 
However, the optimal dose of CPET when used 
in combination with MI remains unclear. Mean- 
while, although some studies have explored  
the feasibility of integrated traditional Chinese 
and Western medicine in the treatment of TE, 
the current evidence remains insufficient. For 
example, many studies have been limited by 
small sample sizes and insufficient long-term 
follow-up of pregnancy outcomes [12]. In addi-
tion, efficacy evaluation has often focused 
mainly on endometrial thickness, which may 
not fully reflect the complex changes in endo-
metrial receptivity [13].

Therefore, this study systematically compared 
the clinical efficacy of fixed-dose MI combined 
with different doses of CPET in the treatment 
of TE. Endometrial receptivity was comprehen-
sively evaluated from three aspects: morpholo-
gy, hemodynamics, and molecular markers. 
Safety and health economic outcomes were 
also assessed, with the aim of providing evi-
dence for optimizing an integrated traditional 
Chinese and Western medicine regimen in 
clinical practice.

Materials and methods

Study design

This was a single-center retrospective cohort 
study using propensity score matching (PSM). 
Patients with TE who received standardized 
treatment at the Reproductive Medicine Center 
of The Central Hospital of Yongzhou between 
August 2024 and October 2025 were included. 
The study was conducted in accordance with 
the ethical principles of the Declaration of 
Helsinki and was approved by the Medical 
Ethics Committee of The Central Hospital of 
Yongzhou (Approval number: 2023110807).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) age 
20-40 years, with a regular menstrual cycle 
(28±7 days); (2) endometrial thickness <7 mm 
confirmed by ultrasonography for two consecu-
tive cycles on the ovulation day of a natural 
cycle or on the day of hCG injection in an artifi-
cial cycle; (3) first treatment with in vitro fertil-
ization-embryo transfer (IVF-ET) or intracyto-
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plasmic sperm injection (ICSI) due to infertility; 
(4) complete clinical data available in the elec-
tronic medical record system, including treat-
ment records, ultrasound reports, laboratory 
results, and follow-up data on pregnancy out-
comes; and (5) follow-up duration ≥6 months 
from the date of embryo transfer. The exclusion 
criteria were as follows: (1) congenital uterine 
malformation, submucosal uterine fibroids, en- 
dometrial polyps, endometrial hyperplasia, or 
malignant lesions; (2) grade III-IV intrauterine 
adhesions according to the American Society 
for Reproductive Medicine classification; (3) 
uncontrolled thyroid dysfunction, diabetes mel-
litus, hyperprolactinemia, or other endocrine 
and metabolic diseases; (4) use of estrogen, 
progesterone, gonadotropins, or other drugs 
affecting endometrial growth within 3 months 
before enrollment; (5) severe dysfunction of 
the heart, liver, kidney, hematopoietic system, 
or other organs, defined as liver enzymes >2 
times the upper limit of normal or creatinine 
>133 μmol/L; (6) allergy to any component of 
CPET or MI; (7) psychiatric disorders or inabil-
ity to complete follow-up; (8) participation in 
another clinical trial during the same period; 
and (9) use of traditional Chinese medicine 
preparations with blood-activating and sta- 
sis-resolving effects within 3 months before 
enrollment.

Grouping and matching

According to the actual treatment regimens 
recorded in the electronic medical records, the 
original cohort was divided into three groups: 
the control group, the low-dose CPET group, 
and the high-dose CPET group. PSM was per-
formed using a 1:1:1 nearest-neighbor match-
ing method. Matching variables included age, 
BMI, duration of infertility, type of infertility, 
number of induced abortions, and other rele-
vant factors. The matching caliper was set at 
0.05. After matching, the balance of covariates 
among groups was assessed using standard-
ized mean differences (SMDs), with SMD <0.2 
considered to indicate good balance. A total of 
227 patients were included in the original 
cohort. After matching, 58 patients were includ-
ed in each group, and 174 patients entered the 
final statistical analysis.

Sample size calculation

Sample size estimation was performed us- 
ing G-Power 3.1.9.7 software (Heinrich-Heine-

Universität Düsseldorf, Germany). The clinical 
pregnancy rate was used as the primary out-
come. Based on the results of a preliminary 
small-sample study conducted at our hospital, 
the clinical pregnancy rate was approximately 
32% for MI combined with low-dose CPET, 
increased to 52% with a medium dose, and 
reached 56% with a high dose. With a two-sid-
ed significance level of α=0.05, a statistical 
power of 1-β=0.80, and an effect size of 
w=0.35 for comparison among three groups, 
the calculated minimum sample size was 52 
patients per group. Considering an anticipated 
loss to follow-up rate of approximately 10%, the 
final sample size was set at 58 patients per 
group, with a total sample size of 174 patients.

Treatment regimens

All patients started treatment on day 1 of  
menstruation and continued treatment for 
three menstrual cycles. During treatment, the 
use of other drugs affecting endometrial grow- 
th was prohibited. Concomitant medications 
were limited to basic nutritional supplements 
such as vitamin D and folic acid. All three 
groups received a fixed dose of MI (National 
Medical Products Administration approval No. 
Z51021447, Sichuan Shenghe Pharmaceutical 
Co., Ltd.) by intramuscular injection at 2 ml per 
injection, containing 20 mg total alkaloids, 
once daily for 14 consecutive days starting 
from day 1 of menstruation during the prolife- 
rative phase. Low-dose group: on this basis, 
patients received oral CPET (compound estra-
diol/dydrogesterone tablets, Abbott Healthcare 
Products B.V., Netherlands), 1 tablet daily for 
the first 14 days containing 1 mg estradiol, fol-
lowed by 1 tablet daily for the next 14 days 
containing 1 mg estradiol + 10 mg dydrogester-
one. High-dose group: patients received 2 tab-
lets daily for the first 14 days containing 2 mg 
estradiol, followed by 2 tablets daily for the  
next 14 days containing 2 mg estradiol + 10 mg 
dydrogesterone.

During treatment, transvaginal ultrasonogra-
phy was performed on day 21 of each men-
strual cycle to assess endometrial growth. If 
endometrial thickness remained <5 mm after 
two treatment cycles, the treatment was con-
sidered ineffective, and the patient was advised 
to switch to another treatment regimen and 
withdraw from this study. After completion of 
treatment, all patients underwent a uniform 
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artificial-cycle protocol for endometrial prepa-
ration before frozen-thawed embryo transfer. 
CPET 1 mg/d was started on day 1 of menstru-
ation. On day 14, when ultrasonography con-
firmed that endometrial thickness was ≥7 mm, 
dydrogesterone 10 mg bid was added for endo-
metrial transformation. A single blastocyst was 
transferred on the fifth day after endometrial 
transformation.

Observation indicators and detection methods

Detection of endometrial morphological and 
hemodynamic indicators: All ultrasound exami-
nations were performed by the same senior 
sonographer who had received standardized 
training. The examiner was blinded to patient 
grouping. A GE Voluson E8 color Doppler ultra-
sound diagnostic system (GE Healthcare, USA; 
serial number: E8-20220915) was used with a 
transvaginal probe at a frequency of 5-9 MHz. 
Examinations were performed before treat-
ment and on day 21 of treatment cycles 1, 2, 
and 3.

Endometrial thickness was measured as the 
maximum vertical distance between the uter-
ine cavity line and the junction of the anterior 
and posterior myometrium when the uterine 
cavity line was clearly displayed on the longitu-
dinal uterine section. The measurement was 
repeated three times, and the mean value was 
recorded. Endometrial pattern was classified 
according to the Gonen criteria as type A (tri- 
ple-line pattern), type B (homogeneous inter-
mediate echogenicity), or type C (homoge-
neous hyperechogenicity). Endometrial volume 
was measured using three-dimensional ultra-
sound mode. After the endometrial boundary 
was manually outlined layer by layer, the sys-
tem automatically calculated the volume. En- 
dometrial echogenicity uniformity was graded 
from 0 to III. Endometrial peristaltic wave fre-
quency was recorded as the number of spon-
taneous uterine contractions during a continu-
ous 5-minute observation period.

Uterine artery blood flow parameters were 
measured by detecting bilateral uterine artery 
flow spectra 1 cm lateral to the level of the 
internal cervical os. The pulsatility index (PI) 
and resistance index (RI) were measured, and 
the average values from both sides were used. 
Subendometrial blood flow was graded accord-
ing to the Applebaum criteria from 0 to III. The 

endometrial blood perfusion area was calcu-
lated using power Doppler mode, with gain, fil-
tering, velocity range, and other parameters 
kept consistent during all examinations.

Detection of serum indicators: Serum estra- 
diol (E2), progesterone (P), vascular endothelial 
growth factor (VEGF), insulin-like growth fac-
tor-1 (IGF-1), transforming growth factor-β1 
(TGF-β1), and leukemia inhibitory factor (LIF) 
levels were detected by enzyme-linked immu-
nosorbent assay (ELISA). The ELISA kits used 
in this study were as follows: estradiol (E2; R&D 
Systems, a Bio-Techne brand, Cat. No. KGE014), 
progesterone (P; Novus Biologicals, a Bio-
Techne brand, Cat. No. NBP2-60124), vascular 
endothelial growth factor (VEGF; R&D Systems, 
a Bio-Techne brand, Cat. No. DVE00), insulin-
like growth factor-1 (IGF-1; R&D Systems, a Bio-
Techne brand, Cat. No. DG100B), transforming 
growth factor-β1 (TGF-β1; R&D Systems, a Bio-
Techne brand, Cat. No. DB100C), and leuke- 
mia inhibitory factor (LIF; R&D Systems, a Bio-
Techne brand, Cat. No. DLF00). The procedures 
were performed strictly according to the manu-
facturers’ instructions. Absorbance was mea-
sured at 450 nm using a Multiskan FC micro-
plate reader (Thermo Fisher Scientific, USA), 
and the concentration of each indicator was 
calculated according to the standard curve. 
Blank controls, negative controls, and positive 
controls were set for each plate. The intra-
assay coefficient of variation was <5%, and the 
inter-assay coefficient of variation was <10%.

Peripheral blood mRNA expression analysis by 
qPCR: Total RNA was extracted from blood 
using the Trizol method (Invitrogen, USA). After 
RNA concentration and purity were verified, 1 
μg of total RNA was reverse-transcribed into 
cDNA using a reverse transcription kit (Takara, 
Japan). Real-time quantitative PCR (qPCR) was 
performed to detect the mRNA expression  
levels of genes related to endometrial recep- 
tivity, including integrin αv (ITGAV), integrin β3 
(ITGB3), osteopontin (SPP1), homeobox gene 
A10 (HOXA10), and vascular endothelial growth 
factor receptor 2 (KDR). GAPDH was used as 
the internal reference gene. The forward and 
reverse primer sequences, amplicon lengths, 
and target genes are listed in Table 1. All pri- 
mers were synthesized by Sangon Biotech 
(Shanghai) Co., Ltd. The qPCR reaction system 
was 20 μl in total, containing 10 μl SYBR Green 
Premix Ex Taq II (Takara, Japan; batch No. 
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RR820A), 0.8 μl each of forward and reverse 
primers, 2 μl cDNA template, and 6.4 μl RNase-
free water. The reaction conditions were as fol-
lows: pre-denaturation at 95°C for 30 seconds; 
denaturation at 95°C for 5 seconds and anne- 
aling/extension at 60°C for 30 seconds, for 40 
cycles; melting curve analysis at 95°C for 15 
seconds, 60°C for 1 minute, and 95°C for 15 
seconds. Each sample was tested in triplicate, 
and the relative expression level of each gene 
was calculated using the 2-ΔΔCt method. As 
endometrial tissue was not collected, this an- 
alysis evaluated peripheral-blood transcription-
al changes only, and did not confirm protein-
level expression or signaling pathway activation 
within endometrial tissue.

Embryo transfer cycle and pregnancy outcome 
indicators: All embryo transfers were performed 
using a standardized hormone-replacement 
artificial-cycle protocol. Endometrial morpholo-
gy and hemodynamic parameters were evalu-
ated by a senior sonographer who was not 
involved in treatment allocation or pregnancy 
follow-up and who remained blinded to group 
assignment during ultrasound assessment. 
Pregnancy outcomes were obtained from objec-
tive clinical records according to prespecified 
definitions, including ultrasound reports, fol-
low-up records, miscarriage records, and deliv-
ery records. However, because this was a re- 
trospective study, complete blinding of preg-
nancy outcome assessment could not be fully 
ensured. Detailed parameters of the embryo 
transfer cycle were recorded for all patients, 
including the number of oocytes retrieved, 
number of mature oocytes (M II oocytes), num-
ber of fertilized oocytes, number of cleaved 
embryos, number of high-quality embryos (D3 
embryo score ≥8 and fragmentation rate 
<20%), number of transferred embryos, and 

serum E2 and P levels on the day of transfer. 
The fertilization rate and high-quality embryo 
rate were then calculated.

Pregnancy outcomes were followed until deliv-
ery or 3 months after miscarriage. The main 
outcome indicators included clinical pregnancy 
rate, defined as visualization of an intrauterine 
gestational sac by ultrasonography 4 weeks 
after transfer; early miscarriage rate, defined 
as the number of spontaneous miscarriages 
before 12 weeks of gestation divided by the 
number of clinical pregnancies ×100%; late 
miscarriage rate, defined as the number of 
spontaneous miscarriages at 12-28 weeks of 
gestation divided by the number of clinical 
pregnancies ×100%; live birth rate, defined as 
the number of live infants delivered after 28 
weeks of gestation divided by the total number 
of transfer cycles ×100%; and full-term delivery 
rate, defined as the number of live infants 
delivered after 37 weeks of gestation divided 
by the number of live births ×100%. The time 
interval from the start of the first treatment  
to confirmation of clinical pregnancy was also 
recorded.

Safety indicators: At each follow-up visit during 
treatment, patients were carefully asked about 
adverse reactions, and the type of adverse 
reaction, time of onset, duration, severity, and 
outcome were recorded. The severity of adverse 
reactions was classified into three levels: mild, 
defined as slight symptoms requiring no spe-
cial treatment and not affecting treatment; 
moderate, defined as obvious symptoms re- 
quiring medication but not affecting continua-
tion of treatment; and severe, defined as seri-
ous symptoms requiring treatment disconti- 
nuation and symptomatic management. Con- 
sidering the dose difference in estrogen expo-

Table 1. Primer sequences used for quantitative real-time PCR analysis
Gene Name Forward Primer (5’→3’) Reverse Primer (5’→3’) Product Length (bp)
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC 226
ITGAV GACAAGCCCTGGAACGAGAT GGTGATGGTGATGGTGATGG 147
ITGB3 CAGTGGCTGCTGCTGCTG GCTGCTGCTGCTGCTGCTG 146
SPP1 AGCTGCTGCTGCTGCTGC GCTGCTGCTGCTGCTGCT 133
HOXA10 GAAGCTGAGCAAGCCAAGAG GGTGGTGGTGGTGGTGGTG 156
KDR GCTGCTGCTGCTGCTGCT GCTGCTGCTGCTGCTGCT 170
Note: qPCR: Quantitative real-time polymerase chain reaction, bp: base pair, GAPDH: glyceraldehyde-3-phosphate dehydroge-
nase, ITGAV: integrin αv, ITGB3: integrin β3, SPP1: secreted phosphoprotein 1, HOXA10: homeobox A10, KDR: kinase insert 
domain receptor.
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sure, estrogen-related safety signals were spe-
cifically reviewed, including abnormal vaginal 
bleeding, breast tenderness, headache or dizzi-
ness, edema, gastrointestinal discomfort, liver 
and renal function abnormalities, and symp-
toms suggestive of thromboembolic events. 
When clinically available, records of breast 
examination, coagulation-related testing, and 
endometrial evaluation were also reviewed. 
However, routine long-term surveillance for 
endometrial hyperplasia, breast stimulation, 
and thrombotic risk was not performed in all 
patients because of the retrospective design.

Health economic indicators: Per-patient medi-
cal costs in the three groups were calculated 
from the patient perspective. The calculation 
period covered the time from the start of the 
first treatment to 3 months after embryo trans-
fer. Costs included direct medical costs, such 
as ultrasound examination fees, laboratory 
examination fees, drug costs, embryo transfer 
fees, and endometrial biopsy fees, as well as 
indirect medical costs, including lost wages, 
transportation expenses, and accommodation 
expenses. Lost wages were calculated as the 
local average daily wage multiplied by the num-
ber of medical visit days. The clinical pregnancy 
rate and live birth rate were used as effective-
ness indicators, and the cost-effectiveness 
ratio (C/E) was calculated.

Statistical analysis

SPSS 26.0 statistical software (IBM, USA) was 
used for data analysis. Continuous variables 
were first assessed for normality using the 
Shapiro-Wilk test and for homogeneity of vari-
ance using Levene’s test. Normally distributed 
variables with homogeneous variances were 
expressed as mean ± standard deviation (

_
x±s) 

and compared among groups using one-way 
analysis of variance. LSD tests were used for 
pairwise comparisons only when the homoge-
neity of variance assumption was met. When 
variances were unequal, Welch’s analysis of 
variance followed by the Games-Howell post 
hoc test was used. Continuous variables that 
did not conform to a normal distribution were 
expressed as median and interquartile range 
[M (P25, P75)] and compared using the Krus- 
kal-Wallis H test. Categorical variables were 
expressed as frequency and percentage [n (%)]. 
The χ2 test was used when the expected fre-

quencies met the assumptions for χ2 analysis, 
whereas Fisher’s exact test was used when any 
expected cell count was less than 5. After PSM, 
standardized mean differences were used to 
evaluate the balance of covariates among 
groups. All statistical tests were two-sided,  
with α=0.05 as the significance level. P<0.05 
was considered statistically significant.

Results

Analysis of baseline data balance

After matching, no statistically significant dif-
ferences were observed in the measured base-
line covariates among the three groups (P> 
0.05), suggesting improved comparability after 
PSM. However, several standardized mean dif-
ferences remained slightly above 0.2, and 
residual imbalance in measured covariates 
could not be completely excluded. These find-
ings suggested that major confounding factors 
commonly encountered in retrospective stud-
ies were reasonably controlled, although resid-
ual imbalance in some measured covariates 
could not be completely excluded. As shown in 
Table 2, there were no statistically significant 
differences among the three groups in age, 
BMI, duration of infertility, type of infertility, 
number of induced abortions, or other vari-
ables (P>0.05) (Table 2).

Effects of treatment on endometrial morpho-
logical indicators

Before treatment, the three groups had com- 
parable baseline endometrial morphology, and 
none of the measured indicators differed sig-
nificantly among groups (P>0.05). As treat- 
ment progressed, endometrial thickness grad-
ually increased in all three groups, but the 
increase was greater in the combined treat-
ment groups than in the monotherapy group. 
After three treatment cycles, the mean endo-
metrial thickness in the high-dose group 
reached (7.66±0.83) mm, which was higher 
than that in the low-dose group and the con- 
trol group (P<0.05). The trends in endometrial 
volume, proportion of type A endometrium, 
endometrial echogenicity uniformity, and peri-
staltic wave frequency were consistent with 
those of endometrial thickness. After three 
treatment cycles, the proportion of type A  
endometrium in the high-dose group reached 
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72.4%, and the endometrial peristaltic wave 
frequency decreased to (1.88±0.68) times/5 
min (P<0.05). Overall, the morphological in- 
dicators improved in a dose-dependent man-
ner (Table 3).

Effects of treatment on endometrial hemody-
namic parameters

After treatment, uterine artery blood flow re- 
sistance decreased to varying degrees in all 
three groups, with the most marked improve-
ment observed in the high-dose group (P< 
0.001). Meanwhile, in the high-dose group, the 
proportion of grade III subendometrial blood 
flow reached 70.7%, and the blood perfusion 
area reached (42.98±5.85)%, both of which 
were higher than those in the control and low-
dose groups (P<0.05) (Table 4).

Effects of treatment on serum sex hormones 
and cytokines

Serological testing showed that sex hormone 
and cytokine levels were comparable among 

the three groups before treatment. After three 
treatment cycles, E2 and P levels increased to 
different extents in all three groups, with the 
largest increase observed in the high-dose 
group (P<0.05). Regarding cytokines, com-
bined treatment increased the levels of the 
pro-angiogenic factors VEGF and IGF-1, as well 
as LIF, a key factor associated with endome-
trial receptivity. Combined treatment also de- 
creased the level of TGF-β1, a fibrosis-related 
factor, and this regulatory effect appeared to 
be dose-dependent (P<0.001) (Figure 1).

Effects of treatment on clinical pregnancy out-
comes

The clinical pregnancy rate in the high-dose 
group reached 51.7%, which was higher than 
39.7% in the low-dose group and 27.6% in the 
control group (P=0.029). Correspondingly, the 
live birth rate was also higher in the high-dose 
group, reaching 44.8% (P=0.006). In addition, 
the mean interval from the first treatment to 
confirmation of pregnancy was (86.47±21.62) 
days in the high-dose group, shorter than that 

Table 2. Baseline characteristics of patients with thin endometrium after propensity score matching
Variable Control Group Low-dose Group High-dose Group F or χ2 P SMD
Age (years) 31.95±3.91 31.17±3.69 30.84±4.34 1.17 0.313 0.269
BMI (kg/m2) 22.11±2.85 22.19±2.37 22.84±2.97 1.232 0.294 0.251
Duration of infertility (years) 3.79±2.20 3.83±1.92 4.03±1.83 0.249 0.78 0.119
Primary infertility [n (%)] 26 (44.8) 23 (39.7) 28 (48.3) 0.885 0.642 0.174
Number of induced abortions 2.16±0.93 1.97±1.09 2.10±1.10 0.601 0.51 0.188
Smoking [n (%)] 16 (27.6) 12 (20.7) 15 (25.9) 0.803 0.669 0.161
Alcohol consumption [n (%)] 10 (17.2) 12 (20.7) 7 (12.1) 1.572 0.456 0.233
Note: BMI: Body mass index, SMD: standardized mean difference. Data are expressed as mean ± standard deviation or n (%), 
as appropriate.

Table 3. Comparison of endometrial morphological parameters before and after treatment among the 
three groups

Variable Time Point Control 
Group

Low-dose 
Group

High-dose 
Group F P

Endometrial thickness (mm) Before treatment 5.34±0.60 5.22±0.45 5.36±0.66 1.024 0.361

After treatment 6.33±0.66& 7.12±0.64*,& 7.66±0.83*,#,& 51.241 <0.001

Endometrial volume (ml) Before treatment 2.03±0.56 2.15±0.54 2.07±0.45 0.743 0.477

After treatment 2.89±0.64& 3.50±0.77*,& 4.20±0.79*,#,& 45.733 <0.001

Type A endometrium Before treatment 12 (20.7) 15 (25.9) 14 (24.1) 0.447 0.800

After treatment 23 (39.7)& 35 (60.3)*,& 42 (72.4)*,#,& 13.03 0.002

Endometrial echogenic uniformity Before treatment 2.22±0.77 2.33±0.66 2.05±0.63 2.357 0.098

After treatment 1.52±0.57& 1.10±0.55*,& 0.84±0.37*,#,& 26.251 <0.001

Endometrial peristaltic wave frequency (times/5 min) Before treatment 4.22±1.34 4.22±1.01 4.14±1.15 0.105 0.901

After treatment 3.19±0.76& 2.50±0.78*,& 1.88±0.68*,#,& 45.541 <0.001
Note: *P<0.05, compared with control group; #P<0.05, compared with low dose group; &P<0.05, compared with before treatment.
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in the low-dose and control groups (P<0.001). 
However, there were no significant differences 
in early or late miscarriage rates among the 
three groups (P>0.05) (Table 5). Because the 
numbers of early and late miscarriage events 
were small, Fisher’s exact test was used for 
these comparisons.

Comparison of key indicators in the embryo 
transfer cycle

To exclude the influence of embryo quality and 
endocrine status during the transfer cycle on 
pregnancy outcomes, we further analyzed key 
parameters of the embryo transfer cycle in the 

Table 4. Comparison of endometrial hemodynamic parameters before and after treatment among the 
three groups

Variable Time Point Control 
Group

Low-dose 
Group

High-dose 
Group F P

Uterine artery PI Before treatment 2.70±0.52 2.63±0.43 2.81±0.47 2.319 0.102
After treatment 2.17±0.49& 1.91±0.32*,& 1.61±0.30*,#,& 31.713 <0.001

Uterine artery RI Before treatment 0.89±0.08 0.89±0.09 0.92±0.07 2.567 0.08
After treatment 0.75±0.08& 0.67±0.07*,& 0.61±0.05*,#,& 68.234 <0.001

Grade III subendometrial blood flow Before treatment 8 (13.8) 9 (15.5) 10 (17.2) 0.263 0.877
After treatment 21 (36.2)& 33 (56.9)*,& 41 (70.7)*,#,& 14.103 <0.001

Endometrial blood perfusion area (%) Before treatment 18.61±3.53 17.97±2.94 17.42±3.08 2.006 0.138
After treatment 27.75±4.36& 34.36±4.56*,& 42.98±5.85*,#,& 137.2 <0.001

Note: *P<0.05, compared with control group; #P<0.05, compared with low dose group; &P<0.05, compared with before treatment. PI: Pulsatility 
index, RI: resistance index.

Figure 1. Effects of motherwort injection combined with CPET on serum sex hormones and cytokines in patients 
with thin endometrium after 3 treatment cycles. A. Serum estradiol (E2) levels. B. Serum progesterone (P) levels. C. 
Serum vascular endothelial growth factor (VEGF) levels. D. Serum insulin-like growth factor-1 (IGF-1) levels. E. Serum 
transforming growth factor-β1 (TGF-β1) levels. F. Serum leukemia inhibitory factor (LIF) levels. Compound estradiol/
dydrogesterone tablets (CPET), estradiol (E2), progesterone (P), vascular endothelial growth factor (VEGF), insu-
lin-like growth factor-1 (IGF-1), transforming growth factor-β1 (TGF-β1), leukemia inhibitory factor (LIF). *P<0.05, 
compared with the control group; #P<0.05, compared with the low-dose group; &P<0.05, compared with before 
treatment.
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three groups. The results showed no statisti-
cally significant differences among the three 
groups in the number of oocytes retrieved, 
number of mature oocytes, fertilization rate, 
high-quality embryo rate, number of trans-
ferred embryos, or serum E2 and P levels on 
the day of transfer (P>0.05). These findings 
suggest that the differences in pregnancy out-
comes among the three groups were unlikely 
to be mainly explained by embryo-related fac-
tors or endocrine status during the transfer 
cycle, but were more likely related to treat-
ment-associated improvement in endometrial 
receptivity (Table 6).

Effects of treatment on peripheral-blood 
mRNA expression of receptivity-related mark-
ers

After three treatment cycles, the peripheral-
blood mRNA expression levels of five receptivi-
ty-related genes, namely ITGAV, ITGB3, SPP1, 
HOXA10, and KDR, increased in a dose-depen-
dent manner. The relative expression levels of 
these genes in the high-dose group were higher 
than those in the control and low-dose groups 
(P<0.05). These peripheral-blood transcription-
al changes were consistent with the ultrasound 
and serological findings and provided explor-
atory molecular evidence associated with the 
combined treatment; however, they did not 
directly demonstrate corresponding protein ex- 

pression or signaling pathway activation in 
endometrial tissue (Figure 2).

Safety evaluation

Safety evaluation showed that the incidence 
of adverse reactions during treatment was  
low in all three groups, and no serious adverse 
reactions occurred. The overall incidence of 
adverse reactions did not differ significantly 
among groups (P=0.456). The main adverse 
reactions were mild gastrointestinal symptoms, 
breast tenderness, headache, and dizziness. 
These symptoms resolved spontaneously with-
out special treatment and did not interrupt 
treatment (Table 7).

C/E analysis

Health economic analysis showed that although 
treatment costs were higher in the low-dose 
and high-dose groups than in the control group 
(P=0.007), their C/E ratios were more favor-
able. In the high-dose group, the costs per clini-
cal pregnancy and per live birth were 29994.67 
yuan and 34609.23 yuan, respectively, indicat-
ing a health-economic advantage (Table 8).

Discussion

Using a strict 1:1:1 PSM design, this study sys-
tematically evaluated the clinical value of MI 
combined with different doses of CPET in the 

Table 5. Comparison of clinical pregnancy outcomes among the three groups
Variable Control Group Low-dose Group High-dose Group F or χ2 P
Clinical pregnancy rate 16 (27.6) 23 (39.7) 30 (51.7)*,# 7.061 0.029
Live birth rate 10 (17.2) 18 (31.0)* 26 (44.8)*,# 10.314 0.006
Early miscarriage rate 5/16 (31.3) 4/23 (17.4) 3/30 (10.0) 3.28 0.194
Late miscarriage rate 1/16 (6.3) 1/23 (4.3) 1/30 (3.3) 0.213 0.899
Time to pregnancy confirmation (days) 130.94±30.09 104.78±23.68*,# 86.47±21.62*,# 17.364 <0.001
Note: *P<0.05, compared with control group; #P<0.05, compared with low dose group. Fisher’s exact test was used for early 
and late miscarriage rates because of small expected cell counts.

Table 6. Comparison of embryo transfer cycle parameters among the three groups
Variable Control Group Low-dose Group High-dose Group F P
Number of oocytes retrieved 12.57±3.97 11.26±3.87 12.60±3.40 2.42 0.092
Number of mature oocytes 9.88±4.20 8.43±4.20 9.83±3.48 2.479 0.087
Fertilization rate (%) 79.43±7.47 79.83±8.39 80.99±7.30 0.636 0.531
High-quality embryo rate (%) 54.35±11.03 52.87±7.70 52.51±11.57 0.525 0.592
Serum E2 on transfer day (pg/ml) 292.35±45.22 295.60±52.47 302.86±62.04 0.583 0.560
Serum P on transfer day (ng/ml) 15.14±3.10 15.67±2.80 15.49±3.58 0.416 0.66
Note: MII: Metaphase II, E2: estradiol, P: progesterone.
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treatment of TE. The results showed that the 
CPET-based regimen containing 2 mg/d es- 
tradiol was associated with improvements in 
endometrial morphology, hemodynamics, and 
peripheral-blood transcriptional markers relat-
ed to receptivity, along with higher clinical preg-
nancy and live birth rates. At the same time, 

this regimen showed acceptable safety and a 
more favorable cost-effectiveness profile. This 
finding suggests that the assumption that 
“higher-dose estrogen is necessarily associat-
ed with higher risk and higher cost” may not 
apply to all clinical settings, and it provides 
useful evidence for dose optimization in the 

Figure 2. Effects of motherwort injection combined with CPET on peripheral-blood mRNA expression of receptivity-
related genes after 3 treatment cycles. A. Relative mRNA expression of ITGAV. B. Relative mRNA expression of 
ITGB3. C. Relative mRNA expression of SPP1. D. Relative mRNA expression of HOXA10. E. Relative mRNA expression 
of KDR. Compound estradiol/dydrogesterone tablets (CPET), messenger RNA (mRNA), integrin αv (ITGAV), integrin 
β3 (ITGB3), secreted phosphoprotein 1 (SPP1), homeobox A10 (HOXA10), kinase insert domain receptor (KDR). 
*P<0.05, compared with the control group; #P<0.05, compared with the low-dose group.

Table 7. Comparison of treatment-related adverse events among the three groups
Variable Control Group Low-dose Group High-dose Group Χ2 P
Overall adverse reaction rate 7 (12.1) 10 (17.2) 12 (20.7) 1.572 0.456
Gastrointestinal reactions 3 (5.2) 6 (10.3) 8 (13.8)
Breast tenderness 3 (5.2) 3 (5.2) 3 (5.2)
Headache/dizziness 1 (1.7) 1 (1.7) 1 (1.7)
Mild adverse reactions 7 (12.1) 9 (15.5) 11 (19.0) 1.052 0.591
Moderate adverse reactions 0 (0.0) 1 (1.7) 1 (1.7) 1.012 0.603

Table 8. Cost-effectiveness analysis of the three treatment strategies
Variable Control Group Low-dose Group High-dose Group F P
Direct medical cost (CNY) 12533.76±1257.36 13136.00±1092.16* 13224.33±1432.86* 5.091 0.007
Indirect medical cost (CNY) 2256.21±288.46 2232.59±265.21 2290.16±262.54 0.655 0.521
Total cost (CNY) 14789.97±1291.90 15368.59±1134.78* 15514.48±1470.24* 4.992 0.008
Cost per clinical pregnancy achieved (CNY) 53613.63 38755.57 29994.67 - NA
Cost per live birth achieved (CNY) 85781.8 49521 34609.23 - NA
Note: *P<0.05, compared with control group. CNY: Chinese yuan, NA: not applicable.
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integrated traditional Chinese and Western 
medicine treatment of TE.

After three treatment cycles, endometrial thi- 
ckness, endometrial volume, the proportion of 
type A endometrium, and blood perfusion in 
the three groups gradually improved as the 
CPET dose increased. The high-dose group 
showed better outcomes than both the control 
and low-dose groups. This result suggests that, 
in the setting of MI combination therapy, endo-
metrial proliferation continued to improve as 
the estrogen dose increased, with no obvious 
plateau observed within the dose range exam-
ined in this study. By providing exogenous 
estradiol, CPET may act on estrogen receptors 
in endometrial epithelial and stromal cells, 
thereby promoting mitosis, proliferation, and 
differentiation. A higher estradiol dose may pro-
duce stronger activation of downstream signal-
ing pathways, thereby promoting endometrial 
growth and repair [14]. Fixed-dose MI may par-
ticipate in endometrial repair by improving vas-
cular function and the local microenvironment, 
although the mechanism underlying this effect 
should still be interpreted with caution. Previous 
studies have shown that leonurine can inhibit 
calcium influx in vascular smooth muscle cells 
and produce a certain vasodilatory effect, while 
total alkaloids from motherwort have also 
shown angiogenic potential in experimental 
models [15, 16]. In addition, TE is often ac- 
companied by increased blood flow resistance, 
decreased VEGF expression, and insufficient 
vascular development, suggesting that impair- 
ed local perfusion may be involved in the 
development of TE [17]. Other animal or ce- 
llular experiments have suggested that leon-
urine may participate in angiogenic regulation 
through HIF-1α/VEGF or PI3K/Akt-eNOS-relat- 
ed pathways [18]. However, the above evidence 
is mainly derived from non-TE clinical studies 
or non-endometrial models, and it still cannot 
directly prove that MI enhances the endome-
trial proliferative effect of CPET.

The morphological and hemodynamic improve-
ments observed in this study were also re- 
flected in the serological and molecular find-
ings. It should be emphasized that the mRNA 
markers in this study were detected in peri- 
pheral blood rather than endometrial tissue; 
therefore, these findings should be interpreted 
as systemic transcriptional changes associat-

ed with treatment rather than direct evidence 
of endometrial tissue-level molecular remodel-
ing. This study found that serum levels of the 
pro-angiogenic factors VEGF and IGF-1, as well 
as LIF, a key factor of endometrial recepti- 
vity, increased in the high-dose group, whereas 
the fibrosis-related factor TGF-β1 decreased. 
Meanwhile, peripheral-blood mRNA expression 
of receptivity-related genes, including ITGAV, 
ITGB3, SPP1, HOXA10, and KDR, also showed 
dose-dependent upregulation. Together, these 
findings support the hypothesis that the com-
bined regimen may be associated with angio-
genesis, implantation-window regulation, and 
fibrotic remodeling, but the present data can-
not confirm the activation of these mechan- 
isms within endometrial tissue. The possible 
synergistic effect of MI and CPET may be ex- 
plained by their complementary actions on 
endometrial proliferation, vascular remodeling, 
and antifibrotic regulation. Estradiol in CPET 
provides a direct proliferative stimulus by acti-
vating estrogen receptor-dependent epithelial-
stromal signaling in the endometrium. Previ- 
ous evidence suggests that estrogen-mediated 
uterine epithelial proliferation may be regulated 
by stromal factors such as FGF10 and BMP8A 
[14]. In contrast, MI may mainly improve the 
local endometrial microenvironment. Leonu- 
rine, one of the major active components of 
motherwort, has been reported to induce vaso-
relaxation [15], and motherwort alkaloids have 
shown angiogenic activity in experimental mo- 
dels [16]. Experimental studies further suggest 
that leonurine may regulate angiogenesis th- 
rough HIF-1α/VEGF activation [19] and the 
PI3K/Akt-eNOS signaling pathway [20]. These 
findings are biologically consistent with the 
decreased uterine artery PI and RI and the 
increased VEGF level observed in the present 
study. In addition, the reduction in TGF-β1 may 
indicate attenuation of profibrotic remodeling, 
which is supported by previous evidence that 
leonurine can regulate TGF-β/Smad2-related 
signaling in fibrosis models [21]. Therefore, 
CPET may promote endometrial proliferation 
directly, whereas MI may enhance perfusion 
and reduce fibrotic resistance; their combined 
use may improve endometrial receptivity th- 
rough complementary mechanisms. Previous 
studies have shown that estrogen-related sig-
naling may participate in the regulation of VEGF 
expression, and that LIF/LIFR plays an impor-
tant role in endometrial receptivity and embryo 
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implantation [22, 23]. At the same time, leon-
urine has shown potential to regulate PI3K/Akt-
eNOS and TGF-β/Smad-related pathways in 
endothelial cells or other fibrosis models [20, 
24, 25]. Therefore, the mechanistic pathways 
discussed above should be regarded as biolo- 
gically plausible explanations based on previ-
ous studies and current clinical associations, 
rather than mechanisms directly verified by the 
present study.

The differences in clinical pregnancy out-
comes were consistent with the observed im- 
provement in endometrial receptivity. The clini-
cal pregnancy rate and live birth rate in the 
high-dose group reached 51.7% and 44.8%, 
respectively, both higher than those in the con-
trol and low-dose groups. The interval from the 
first treatment to confirmation of pregnancy 
was also the shortest in the high-dose group. 
More importantly, there were no statistically 
significant differences among the three groups 
in the number of oocytes retrieved, number of 
mature oocytes, fertilization rate, high-quality 
embryo rate, or serum sex hormone levels on 
the day of transfer. These findings made it less 
likely that embryo-related factors were the 
main explanation for the differences in preg-
nancy outcomes and suggested that the high-
er pregnancy rate was more likely related to 
improved endometrial receptivity in the high-
dose group. These findings are consistent with 
previous reports showing that thin endometri-
um is associated with impaired local perfusion, 
increased vascular resistance, reduced glan- 
dular epithelial growth, and decreased VEGF 
expression [17]. They are also in line with stud-
ies indicating that VEGF, LIF, HOXA10, and in- 
tegrin family molecules are closely related to 
endometrial receptivity and embryo implanta-
tion [13, 26]. Compared with regenerative app- 
roaches such as platelet-rich plasma or growth 
hormone, which have been reported to improve 
endometrial function but remain limited by het-
erogeneity of protocols, additional procedures, 
and uncertain reproducibility [27, 28], the MI 
plus CPET regimen may be easier to standard-
ize in routine clinical practice. However, unlike 
randomized controlled trials or mechanistic 
experiments, the present retrospective clinical 
study can only suggest an association between 
the combined regimen and improved receptivi-
ty. Further studies are required to verify whe- 
ther the observed clinical benefit is mediated 

through the VEGF-related angiogenic pathway, 
LIF-mediated implantation-window regulation, 
HOXA10/integrin-related receptivity regulation, 
or TGF-β1-related antifibrotic remodeling. In the 
health economic analysis, although the direct 
drug cost in the high-dose group was higher 
than that in the control and low-dose groups, 
the cost for achieving one clinical pregnancy 
and one live birth was the lowest, at 29994.67 
yuan and 34609.23 yuan, respectively. This 
finding can be explained clinically: the high-
dose regimen may have improved the success 
rate of a single treatment course and reduced 
the need for repeated examinations, additional 
medication use, and repeated embryo transfer 
caused by treatment failure, while also shorten-
ing the treatment cycle and reducing indirect 
costs such as lost wages and transportation 
expenses. Compared with many previous stud-
ies that primarily focused on efficacy and paid 
less attention to economic evaluation [27-29], 
the present study further suggests that the 
high-dose regimen may be more economical 
from the perspective of overall patient treat-
ment cost. In terms of safety, there was no  
statistically significant difference in the overall 
incidence of adverse reactions among the 
three groups. All adverse reactions were mild, 
including gastrointestinal reactions, breast ten-
derness, and slight discomfort at the injection 
site, and no serious adverse events occurred. 
These findings suggest that short-term use of 
2 mg/d estradiol combined with MI was well 
tolerated in this cohort and did not appear to 
increase estrogen-related adverse reactions. 
Nevertheless, these safety findings reflect 
short-term tolerability only. They do not provide 
definitive long-term safety evidence. This study 
did not include systematic long-term monitor-
ing of endometrial hyperplasia, breast stimula-
tion, coagulation function, or thromboembolic 
events. Therefore, the present results are in- 
sufficient to support widespread clinical use of 
the high-dose regimen without further safety 
verification. In clinical practice, individualized 
risk assessment and appropriate monitoring 
are still required when high-dose estrogen is 
used, particularly because the optimal estro-
gen regimen for thin endometrium remains un- 
certain and should be balanced against poten-
tial safety concerns [4, 12]. However, this result 
should be interpreted with caution because of 
the relatively small sample size and the possi-
bility of statistical uncertainty. Therefore, safe-
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ty should be further verified in studies with 
larger sample sizes.

In addition, as a single-center retrospective 
study, although PSM was used to control for 
major confounding factors, selection bias and 
information bias could not be completely elimi-
nated. In particular, all embryo transfers were 
performed in an artificial-cycle setting, and the 
retrospective nature of the study limited the 
possibility of complete blinding during preg-
nancy outcome assessment. Although ultra-
sound assessment was performed by a sonog-
rapher blinded to group assignment and preg-
nancy outcomes were defined according to 
objective clinical criteria, residual observer bias 
and information bias could still have affected 
the interpretation of the results. Moreover, this 
study did not include a placebo control group 
and did not adopt a double-blind design, which 
may have introduced patient-reported bias. The 
molecular analyses in this study were limited 
to peripheral-blood mRNA expression of re- 
ceptivity-related markers. Endometrial tissue 
was not collected for immunohistochemistry, 
Western blotting, proteomic analysis, or path-
way-level assays. Therefore, the present find-
ings cannot confirm whether the correspond- 
ing proteins or signaling pathways were altered 
in the endometrium. These results should be 
considered hypothesis-generating and require 
validation in prospective studies using endo-
metrial tissue-based molecular assays. Finally, 
this study included only patients undergoing 
IVF-ET for the first time. Its efficacy in patients 
with refractory TE and repeated implantation 
failure still requires further validation. In addi-
tion, the lack of long-term follow-up data pre-
vented us from evaluating the long-term effects 
of the combined treatment on offspring health.

Conclusion

In this retrospective cohort, MI combined with 
high-dose CPET showed favorable short-term 
efficacy, tolerability, and cost-effectiveness in 
selected patients with TE. This regimen was 
associated with improvements in endometrial 
morphology, blood perfusion, peripheral-blood 
receptivity-related mRNA expression, and preg-
nancy outcomes. However, because molecu- 
lar assessment was limited to peripheral-blood 
mRNA markers, the present study cannot con-
firm protein-level changes or specific signaling 

pathway activation in endometrial tissue. These 
findings provide clinical evidence for optimizing 
TE treatment strategies and support further 
evaluation of this regimen in clinical practice. 
Future large-sample randomized controlled tri-
als incorporating endometrial tissue-based 
protein detection and signaling pathway analy-
ses are needed to further verify the efficacy, 
safety, and underlying mechanisms of this 
regimen.

Acknowledgements

This work was supported by the Guiding Sci- 
ence and Technology Plan Project of Yongzhou 
City (Grant No. 2023YZ049) and the Health 
Research Project of Hunan Provincial Health 
Commission (No. 20258131).

Disclosure of conflict of interest

None.

Address correspondence to: Jing He, Department 
of Pharmacy, The Central Hospital of Yongzhou, 
Yongzhou Hospital Affiliated to University of South 
China, No. 396 Yiyun Road, Lengshuitan District, 
Yongzhou 425000, Hunan, China. E-mail: hejing- 
2629@163.com

References

[1]	 Ma J, Gao W and Li D. Recurrent implantation 
failure: a comprehensive summary from etiol-
ogy to treatment. Front Endocrinol (Lausanne) 
2023; 13: 1061766.

[2]	 Ranisavljevic N, Raad J, Anahory T, Grynberg M 
and Sonigo C. Embryo transfer strategy and 
therapeutic options in infertile patients with 
thin endometrium: a systematic review. J Assist 
Reprod Genet 2019; 36: 2217-2231.

[3]	 Liu KE, Hartman M, Hartman A, Luo ZC and 
Mahutte N. The impact of a thin endometrial 
lining on fresh and frozen-thaw IVF outcomes: 
an analysis of over 40 000 embryo transfers. 
Hum Reprod 2018; 33: 1883-1888.

[4]	 Liu KE, Hartman M and Hartman A. Manage-
ment of thin endometrium in assisted repro-
duction: a clinical practice guideline from the 
Canadian Fertility and Andrology Society. Re-
prod Biomed Online 2019; 39: 49-62.

[5]	 Luo B, Zhu X, Tang N, Lin Z, Yao J, Chen Z, Liang 
Z, Wu J, Huang B and Huang P. Clinical out-
comes of different 17β-estradiol drug regi-
mens and their impact on endometrial recep-
tivity. Front Endocrinol (Lausanne) 2025; 16: 
1639481.

mailto:hejing2629@163.com
mailto:hejing2629@163.com


Motherwort injection plus femoston for thin endometrium

5751	 Am J Transl Res 2026;18(7):5738-5752

[6]	 Rodríguez-Eguren A, Bueno-Fernandez C, Gó-
mez-Álvarez M, Francés-Herrero E, Pellicer A, 
Bellver J, Seli E and Cervelló I. Evolution of  
biotechnological advances and regenerative 
therapies for endometrial disorders: a system-
atic review. Hum Reprod Update 2024; 30: 
584-613.

[7]	 Zhang X, Chen Y, Zhao R, Chen Y, Xing P, Xu W 
and Xu Y. The clinical efficacy of Jinfeng pill in 
the treatment of thin endometrial infertility:  
a systematic review and meta-analysis. Ann 
Palliat Med 2021; 10: 12529-12537.

[8]	 Liu S, Sun C, Tang H, Peng C and Peng F. 
Leonurine: a comprehensive review of phar-
macokinetics, pharmacodynamics, and toxi-
cology. Front Pharmacol 2024; 15: 1428406.

[9]	 Chen S, Xie B, Tian H, Ding S and Lu C. 
Traditional Chinese medicine yimucao injec-
tion combined with western medicine for pre-
venting postpartum hemorrhage after cesare-
an section: a systematic review and meta- 
analysis. Evid Based Complement Alternat 
Med 2019; 2019: 7475151.

[10]	 Xinyu X, Xintong T, Youping L, Feng W and Jiajie 
Y. Motherwort injection for preventing uterine 
hemorrhage in women with induced abortion: 
a systematic review and meta-analysis of ran-
domized evidence. Front Pharmacol 2022; 13: 
916665.

[11]	 Lin X, Chen H, Zhou X, Pang Y, Li Y, Wang X and 
Yang Z. Effects of gegen-heisu decoction on 
endometrial receptivity in patients with thin 
endometrium-related infertility: a prospective 
randomized controlled trial. J Integr Comple-
ment Med 2025; 27683605251396846.

[12]	 Wang Y, Tang Z and Teng X. New advances  
in the treatment of thin endometrium. Front 
Endocrinol (Lausanne) 2024; 15: 1269382.

[13]	 Li J, Liu H, Lim J, Xing H, Chen Y, Yang S and  
Fu X. Molecular and biological markers for as-
sessing endometrial receptivity in infertile 
women: a narrative review. J Int Med Res 
2025; 53: 3000605251328893.

[14]	 Chung D, Gao F, Jegga AG and Das SK. 
Estrogen mediated epithelial proliferation in 
the uterus is directed by stromal Fgf10 and 
Bmp8a. Mol Cell Endocrinol 2015; 400: 48-
60.

[15]	 Chen CX and Kwan CY. Endothelium-indepen-
dent vasorelaxation by leonurine, a plant alka-
loid purified from Chinese motherwort. Life Sci 
2001; 68: 953-960.

[16]	 He YL, Shi JY, Peng C, Hu LJ, Liu J, Zhou QM, 
Guo L and Xiong L. Angiogenic effect of moth-
erwort (Leonurus japonicus) alkaloids and tox-
icity of motherwort essential oil on zebrafish 
embryos. Fitoterapia 2018; 128: 36-42.

[17]	 Miwa I, Tamura H, Takasaki A, Yamagata Y, 
Shimamura K and Sugino N. Pathophysiologic 
features of “thin” endometrium. Fertil Steril 
2009; 91: 998-1004.

[18]	 Qi J, Wang JJ, Duan JL, Lu ZY and Yuan YG. 
Leonurine improves age-dependent impaired 
angiogenesis: possible involvement of mito-
chondrial function and HIF-1α dependent 
VEGF activation. Front Pharmacol 2017; 8: 
284.

[19]	 Qi J, Wang JJ, Duan JL, Lu ZY and Yuan YG. 
Leonurine Improves age-dependent impaired 
angiogenesis: possible involvement of mito-
chondrial function and hif-1alpha dependent 
VEGF activation. Front Pharmacol 2017; 8: 
284.

[20]	 Liao L, Gong L, Zhou M, Xue X, Li Y and Peng C. 
Leonurine ameliorates oxidative stress and in-
sufficient angiogenesis by regulating the PI3K/
Akt-eNOS signaling pathway in H(2)O(2)-in-
duced HUVECs. Oxid Med Cell Longev 2021; 
2021: 9919466.

[21]	 Li Z, Chen K and Zhu YZ. Leonurine inhibits 
cardiomyocyte pyroptosis to attenuate cardiac 
fibrosis via the TGF-beta/Smad2 signalling 
pathway. PLoS One 2022; 17: e0275258.

[22]	 Zhang L, Xiong W, Xiong Y, Liu H and Liu Y.  
17 β-Estradiol promotes vascular endothelial 
growth factor expression via the Wnt/β-catenin 
pathway during the pathogenesis of endome-
triosis. Mol Hum Reprod 2016; 22: 526-535.

[23]	 Yoo I, Chae S, Han J, Lee S, Kim HJ and Ka H. 
Leukemia inhibitory factor and its receptor: ex-
pression and regulation in the porcine endo-
metrium throughout the estrous cycle and 
pregnancy. Asian-Australas J Anim Sci 2019; 
32: 192-200.

[24]	 Li Z, Chen K and Zhu YZ. Leonurine inhibits 
cardiomyocyte pyroptosis to attenuate cardiac 
fibrosis via the TGF-β/Smad2 signalling path-
way. PLoS One 2022; 17: e0275258.

[25]	 Li C, Tan X, Deng D, Kong C, Feng L, Wang W, 
Lin K, Li Y, Lei Q, Liu L, Tao T, Pan R, Li G and 
Wu S. A Dopamine-modified hyaluronic acid-
based mucus carrying phytoestrogen and uri-
nary exosome for thin endometrium repair.  
Adv Mater 2024; 36: e2407750.

[26]	 Zhang L, Xiong W, Xiong Y, Liu H and Liu Y. 17 
beta-Estradiol promotes vascular endothelial 
growth factor expression via the Wnt/beta-
catenin pathway during the pathogenesis of 
endometriosis. Mol Hum Reprod 2016; 22: 
526-535.

[27]	 Liu X, Qian C, Jiang X, Zhou Y, Feng X, Ding Y, 
Jin J, Hu M, Zhou W, Liu B and Zhou H.  
Efficacy of platelet-rich plasma in the treat-
ment of thin endometrium: a meta-analysis of 



Motherwort injection plus femoston for thin endometrium

5752	 Am J Transl Res 2026;18(7):5738-5752

randomized controlled trials. BMC Pregnancy 
Childbirth 2024; 24: 567.

[28]	 Shang Y, Wu M, He R, Ye Y and Sun X. 
Administration of growth hormone improves 
endometrial function in women undergoing in 
vitro fertilization: a systematic review and me-
ta-analysis. Hum Reprod Update 2022; 28: 
838-857.

[29]	 Genovese H, Mayo CA, Kalafat E, Fatemi H, Ata 
B, Garcia-Velasco J and Seli E. Does endome-
trial thickness impact live birth rate following a 
frozen embryo transfer: outcomes of 30 676 
euploid single embryo transfers. Hum Reprod 
2025; 40: 1919-1927.


