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Abstract: Objective: To comprehensively evaluate the efficacy and safety of hormone replacement therapy (HRT) in 
managing menopausal syndrome through a meta-analysis. Methods: A systematic search was conducted across 
Pubmed, Embase, and Cochrane Library databases utilizing keywords such as “menopause”, “hormone replace-
ment therapy”, and “menopausal syndrome” from their inception until July 2024. Randomized controlled trials 
(RCTs) related to HRT’s role in treating menopausal symptoms were included. Two researchers independently 
reviewed literature, extracted data, and assessed study quality. Meta-analysis was performed using RevMan 5.3 
software, incorporating calculations of standardized mean difference (SMD) and odds ratio (OR), using either fixed-
effects or random-effects models. Results: A total of 24 studies, involving 5089 patients, were included in the 
analysis. Among these, 3062 patients received HRT as the HRT group, while 2027 patients without HRT comprised 
the control group. The pooled results: (1) In subgroups with estradiol-containing drugs, the change in Kupperman 
menopause index (KMI) in the HRT group was significantly smaller than that in the control group [SMD=-1.21 (-1.43, 
-0.98), P<0.001]; while in the subgroups didn’t use estradiol as control intervention, the change in KMI in the 
HRT group was also smaller than that of the control group [SMD=-0.39 (-0.67, -0.10), P=0.007]. (2) The change in 
menopause-specific quality of life questionnaire (MENQOL) scores in the HRT group was significantly smaller than 
that of the control group [SMD=-0.43 (-0.60, -0.27), P<0.001]. (3) The improvement in estradiol (E2) levels in the 
HRT group was greater than that of the control group [SMD=1.08 (0.66, 1.49), P<0.001]. (4) In the subgroup where 
the control intervention was placebo, the change in follicle stimulating hormone (FSH) level in the HRT group was 
significantly lower than that of the control group [SMD=-0.65 (-1.05, -0.24), P=0.002]; while in the subgroup where 
the control intervention was acupuncture, there was no significant difference of the change in FSH level between 
the HRT group and the control group [SMD=0.13 (-0.21, 0.47), P=0.45]. (5) The vaginal pH in the HRT group was 
significantly lower than that of the control group [SMD=-0.97 (-1.08, -0.87), P<0.001]. (6) The maturity change 
in vaginal exfoliated cells in the HRT group was greater than that of the control group [SMD=0.99 (0.82, 1.16), 
P<0.001]. (7) The improvement in lumbar bone density in the HRT group was significantly greater than in the control 
group [SMD=1.52 [1.33, 1.71], P<0.001]. (8) In the three subgroups with different drug regimens of estradiol plus 
norethindrone acetate, estradiol, and conjugated equine estrogen/estradiol, the improvements in hip bone density 
in the HRT group were all greater than in the control group [SMD=1.00 (0.72, 1.27), P<0.001/SMD=1.36 (1.11, 
1.60), P<0.001/SMD=0.57 (0.11, 1.04), P=0.02]. (9) No significant difference in the changes in total cholesterol 
(TC) [SMD=0.20 (-0.25, 0.64), P=0.39], low-density lipoprotein (LDL) [SMD=0.29 (-0.16, 0.74), P=0.20], and high-
density lipoprotein (HDL) [SMD=0.01 (-0.43, 0.46), P=0.95] between the two groups. (10) Treatment-emergent ad-
verse events (TEAE) occurred equally in both groups [OR=0.93 (0.78, 1.13), P=0.48]. Conclusion: HRT can enhance 
the quality of life and vaginal health in women experiencing menopausal symptoms, elevate estrogen levels, and 
improve bone density, while demonstrating a favorable safety profile with no significant increase in adverse events 
or dyslipidemia risk. Further investigations involving multi-center, large-scale studies with long-term follow-up are 
warranted to substantiate this conclusion.
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Introduction

Menopausal syndrome is a natural condition in 
women of reproductive age, characterized by a 
constellation of symptoms primarily associated 
with autonomic nervous system dysregulation 
and neuropsychological disturbances, which 
arise from hormonal fluctuations or declines 
during the peri- and postmenopausal phases 
[1]. Typically occurring between the ages of 45 
and 55; the onset and severity of symptoms 
can vary significantly among individuals. Com- 
mon manifestations include irregular menstru-
ation alongside vasomotor symptoms and neu-
ropsychological issues, such as hot flashes, 
sweating, irritability, anxiety, depression, insom- 
nia, vaginal dryness, urinary frequency, urgen-
cy, and pain [2, 3]. These symptoms can pro-
foundly affect both physical health and overall 
quality of life.

Maintaining physical and mental health during 
menopause has emerged as one of the fore-
most health challenges of the 21st century. 
Hormone replacement therapy (HRT), a widely 
employed approach for managing menopausal 
symptoms, regulates menstrual cycles and mit-
igates clinical manifestations through estrogen 
supplementation, having historically served as 
a preferred treatment option for numerous 
women [4, 5]. However, early 21st-century clini-
cal research by the Women’s Health Initiative 
demonstrated that, over an average follow-up 
period of 5.2 years, HRT was associated with 
an increased risk of coronary heart disease 
and breast cancer, thereby challenging its app- 
lication and provoking extensive debate regard-
ing its use and administration [6].

As clinical research advances, an increasing 
body of evidence regarding the risks and bene-
fits of HRT has emerged, rendering discussions 
in this field more complex and challenging. 
Presently, controversies surrounding the effi-
cacy and safety of HRT persist. In this context, 
the current study aims to synthesize high-quali-
ty research data through a meta-analysis to 
comprehensively and systematically evaluate 
the efficacy and safety of HRT, thereby provid-
ing clinicians and patients with critical informa-
tion on the advantages and disadvantages of 
this treatment modality, while offering a robust 
framework for informed decision-making and 
the development of more rational and effective 
therapeutic strategies.

Methods

PROSPERO statement

This study has been registered with PROSPERO 
(CRD42024582282).

Eligibility criteria

Inclusion criteria: (1) Study design: randomized 
controlled trial; (2) Population: women experi-
encing menopausal syndrome in good general 
health; (3) Intervention: HRT, including estro-
gen, progesterone, or their combination, regard-
less of hormone type or administration method; 
(4) Comparator: conventional treatment, place-
bo, or other non-hormonal drugs for the control 
group; (5) Outcomes: at least one measurable 
outcome indicator must be included.

Exclusion criteria: (1) Interventions not involv-
ing HRT; (2) Studies focusing on phytoestro-
gens; (3) Literature unavailable in full text or 
with unextractable data; (4) Research with 
incomplete data; (5) Republished literature; (6) 
Literature based primarily on personal experi-
ence, expert opinions, or animal experiments.

Information sources

We conducted a comprehensive literature se- 
arch on HRT for the treatment of menopausal 
syndrome across Pubmed, Embase, and Co- 
chrane Library databases, supplemented with 
reference tracing. The search period extended 
from the inception of the databases to July 
2024.

Search strategy

The search terms included “menopause”, “hor-
mone replacement therapy”, “menopausal syn-
drome”, “climacteric syndrome”, “efficacy”, “sa- 
fety”, and “randomized controlled trial”. A com-
bination of subject headings and keywords was 
used to formulate the search strategy, with 
adjustments tailored to the specific features of 
each database. For instance, the detailed se- 
arch strategy for PubMed is outlined in Table 1.

Selection process

Two authors independently conducted the lit-
erature search. The titles and abstracts were 
initially screened to exclude studies that did  
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not meet the criteria. Subsequently, the full 
abstracts were thoroughly reviewed to deter-
mine their inclusion based on predefined crite-
ria. Upon completion of screening, the authors 
cross-validated their results, resolving any dis-
crepancies through consultation with a third 
party if necessary.

Data collection process

Two authors independently extracted data us- 
ing a standardized form. The collected data 
encompassed general information such as ti- 
tle, first author, publication year, country and 
region, and study type; study specifics including 
sample size, group allocation, drug type, treat-
ment duration, outcome indicators and result 
measurement; and study characteristics like 
design details and measures to minimize bias. 
Following data extraction completion, cross-
validation was performed, with any dispariti- 
es resolved through consultation with a third 
party.

Data items

The primary outcome measures included ch- 
anges in the Kupperman Menopause Index 
(KMI), Menopause-Specific Quality of Life Qu- 
estionnaire (MENQOL) score, levels of estradiol 
(E2), follicle-stimulating hormone (FSH), and 
treatment-emergent adverse events (TEAE). TE- 
AE refers to serious adverse medical events or 
worsening of health status experienced by pa- 
tients during or after hormone replacement 
therapy, such as vaginal bleeding, breast ten-
derness, and gastrointestinal reactions. The 
secondary outcome measures include vaginal 
pH value, maturity changes in the vaginal exfoli-
ated cells, lumbar spine bone density, hip bone 
density, total cholesterol (TC), low-density li- 
poprotein (LDL), and high-density lipoprotein 
(HDL). For all outcomes except vaginal pH, con-
tinuous variable data were extracted, and the 

difference was calculated to derive the effect 
size for combined analysis.

Study risk of bias assessment

According to the quality assessment criteria for 
RCTs outlined in the Cochrane systematic re- 
view manual, the following aspects are evalu-
ated: (1) method of random allocation; (2) im- 
plementation of allocation concealment; (3) uti-
lization of blinding; (4) management of drop-
outs or withdrawals. For studies with withdraw-
als or dropouts, intention-to-treat (ITT) analysis 
was applied. A (Low Risk of Bias): All quality 
standards were fully met; B (Moderate Risk of 
Bias): One or more criteria were partially met, 
unclear, or not mentioned; C (High Risk of Bias): 
One or more criteria were not met or completely 
unmet.

Effect measures

Quantitative data and qualitative data were 
analyzed using standardized mean difference 
(SMD) and odds ratio (OR) as effect size statis-
tics, respectively. All effect sizes were reported 
with 95% confidence intervals (CI).

Synthesis methods

The statistical analysis was conducted using 
RevMan 5.3 software. The heterogeneity of the 
included studies was assessed using the I2 
test. If I2≤50% or P≥0.05, studies were consid-
ered to show homogeneity, and a fixed-effects 
model was applied. If I2>50% or P<0.05, signifi-
cant heterogeneity among the included studies 
was indicated. Initially, sources of heterogene-
ity were examined from both methodologic and 
clinical perspectives. Subgroup analyses were 
performed to identify potential sources of het-
erogeneity, while sensitivity analyses were con-
ducted to address heterogeneity issues. In 
instances where heterogeneity could not be 
explained or resolved, a random-effects model 
was used for statistical analysis.

Table 1. Search strategies
Steps
#1 (“Menopause”[MeSH Terms] OR menopause* OR climacteric*)
#2 (“Hormone Replacement Therapy”[MeSH Terms] OR HRT OR “estrogen replacement” OR “progesterone replacement”)
#3 (efficacy OR effectiveness OR safety OR “side effects” OR “adverse events”)
#4 (randomized controlled trial[pt] OR RCT OR clinical trial[pt] OR “randomized controlled trials” OR “clinical trials”)
#5 #1 AND #2 AND #3 AND #4
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Reporting bias assessment

A funnel plot was employed to assess publica-
tion bias; asymmetry in the funnel plot was 
indicative of potential bias.

Results

Study selection

The search yielded a total of 244 articles, from 
which 61 duplicate articles were excluded 
using NoteExpress software. Following a pre-
liminary review of titles and abstracts, 102 ar- 
ticles were discarded due to content misma- 
tch. A subsequent full-text examination result-
ed in the exclusion of 57 articles: 13 lacked full 
text, 6 did not include a control group, 24 failed 
to present relevant outcome indicators, and 14 
had data extraction limitation. Ultimately, 24 
studies were included in the meta-analysis. The 
selection process is depicted in Figure 1.

Study characteristics and quality

The HRT group comprised sample sizes ranging 
from 8 to 575 cases, totaling 3062 cases; while 
the control group had sample sizes ranging 
from 6 to 240 cases, totaling 2027. Estradiol 
was the most frequently used drug in the HRT 

(I2=83%, P<0.001). Subgroup analysis indicat-
ed that the presence of estradiol in HRT drugs 
was the primary source of heterogeneity. A fixed- 
effects model was used for the meta-analysis. 
Stratifying by interventions with or without 
estradiol-containing drugs, the results showed 
that HRT groups both using estradiol-contain-
ing drugs or not were associated with smaller 
KMI change compared to that of the control 
group [with: SMD=-1.21 (-1.43, -0.98), P<0.001; 
without: SMD=-0.39 (-0.67, -0.10), P=0.007], 
as shown in Figure 2.

Four studies reported data on MENQOL chang-
es, involving 1019 patients (540 in the HRT 
group and 479 in the control group). Significant 
heterogeneity was found among the studies 
(I2=74%, P=0.009). Yet no specific sources of 
this heterogeneity were identified. Employing a 
sequential exclusion method, it was found that 
excluding Sun’s study reduced the I2 value to 
26%, with the P value exhibiting a consistent 
directional change, indicating greater robust-
ness of the results. Consequently, a fixed-eff- 
ects model was applied for the meta-analysis. 
The results showed that the change in MENQOL 
scores in the HRT group was significantly small-
er than that of the control group [SMD=-0.43 
(-0.60, -0.27), P<0.001]. See Figures 3, 4.

group, whereas placebo was 
the predominant comparator 
in the control group. The treat-
ment duration varied from 4 
weeks to 57 months, with a 
majority being 12 weeks. The 
minimum number of outcome 
indicators described was one, 
and the maximum was five. 
Six articles were classified as 
A level and eighteen articles 
as B level based on quality 
evaluation criteria for RCTs. 
The characteristics of the in- 
cluded articles are presented 
in Table 2.

Results of syntheses

Five studies provided data on 
KMI changes, with a total of 
600 patients enrolled, includ-
ing 347 in the HRT group and 
253 in the control group. Sig- 
nificant heterogeneity was ob- 
served among the studies 

Figure 1. Literature screening 
process.
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Table 2. Study characteristics and quality

Study
Sample size Drugs/measures

Treatment  
time

Outcome  
index

Quality 
evaluationHRT  

group
Control  
group HRT group Control group

Wiklund 1993 [7] 112 111 Estradiol Placebo 12 weeks a, c B

Bech 1998 [8] 68 37 Estradiol + Norethisterone acetate Placebo 12 months a B

Delmas 2000 [9] 90 45 Estradiol + Norethisterone acetate Placebo 24 months h, i B

Sørensen 2001 [10] 8 6 Estradiol + Norethinone acetate Placebo 12 weeks c, h B

Rubinacci 2003 [11] 52 55 Estradiol + Norethisterone acetate Placebo 96 weeks h, i B

Nielsen 2004 [12] 217 118 Estradiol Placebo 24 months h, i A

Mizunuma 2010 [13] 45 15 Estradiol Placebo 24 months h B

Cano 2012 [14] 105 48 Estriol Placebo 12 weeks e, f, g B

Griesser 2012 [15] 264 132 Estriol Placebo 12 weeks e, f B

Karp 2012 [16] 22 43 Estradiol Placebo 12 weeks e, f A

Farr 2013 [17] 45 31 Conjugated equine estrogen/Estradiol Placebo 48 months h, i A

Carmignani 2015 [18] 20 20 Estradiol + Norethinone Placebo 16 weeks c, d, e, f A

Paoletti 2015 [19] 80 20 Norethisterone acetate/Drospirenone Placebo 12 months a, b B

Honisett 2016 [20] 10 12 Estradiol Placebo 20 weeks c, d B

Panazzolo 2016 [21] 21 19 Estradiol Placebo 3 months a, j, k, l B

Constantine 2017 [22] 575 192 Estradiol Placebo 12 weeks e, g B

Sun 2016 [23] 196 194 Conjugated estrogen He Yan Kuntai capsule 12 months b B

Archer 2018 [24] 248 240 Estradiol Placebo 12 weeks e, g B

Femandes 2018 [25] 18 20 Conjugated estrogen Placebo 12 weeks c, d, j, k, l A

Kroll 2018 [26] 239 233 Estradiol Placebo 12 weeks e, g B

Sriprasert I 2019 [27] 125 123 Estradiol Placebo 57 months c A

Sriprasert II 2019 [28] 172 176 Estradiol Placebo 57 months c A

Diem 2019 [29] 101 100 Estradiol Placebo 12 weeks b B

Jiang 2020 [30] 66 66 Tibolone Acupoint massage 4 weeks a, d B

Ren 2022 [31] 163 165 Estradiol + Dydrogesterone Placebo 12 weeks b, g B
Note: HRT: hormone replacement therapy; a: Kupperman menopause index; b: menopause-specific quality of life questionnaire score; c: estradiol levels; d: follicle stimu-
lating hormone levels; e: vaginal pH value; f: maturity changes in the vaginal exfoliated cells; g: treatment-emergent adverse events; h: lumbar spine bone density; i: hip 
bone density; j: cholesterol; k: low-density lipoprotein; l: high-density lipoprotein.

Six studies reported the changes in E2 levels, 
involving 933 patients (465 in the HRT group 
and 468 in the control group). Significant het-
erogeneity was observed among the studies 
(I2=84%, P<0.001), yet no specific sources of 

this heterogeneity were identified. The I2 value 
exhibited minimal variation when individual stu- 
dies were sequentially excluded, and the P val-
ues demonstrated a consistent directional 
change, as presented in Table 3, indicating that 

Figure 2. Forest plot of the comparison of changes in kupperman menopause index.
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the results were relatively robust. Consequently, 
a random effects model was used for the meta-
analysis. The results showed that the improve-
ment in E2 levels in the HRT group was greater 
than that of the control group [SMD=1.08 
(0.66, 1.49), P<0.001], as shown in Figure 5.

Four studies reported data on FSH level chang-
es, involving 232 patients (114 in the HRT 
group and 118 in the control group). There was 
significant heterogeneity among the studies 
(I2=72%, P=0.01). Subgroup analysis indicated 
that the type of control intervention was the 
main source of heterogeneity, so a fixed-effects 
model was used for the meta-analysis. Subgr- 
oup analysis of the studies using placebo as 
control showed that the change in FSH level in 
the HRT group was significantly smaller than 
that of the control group [SMD=-0.65 (-1.05, 
-0.24), P=0.002]; while in the subgroup analy-

sis of the studies using acupuncture as control 
intervention demonstrated that there was no 
significant difference in the change in FSH level 
between the HRT group and the control group 
[SMD=0.13 (-0.21, 0.47), P=0.45], see Figure 
6.

Six studies examined vaginal pH value, involv-
ing 1,614 patients (898 in the HRT group and 
716 in the control group). The heterogeneity 
among the studies was not significant (I2=43%, 
P=0.12), so a fixed effects model was applied. 
The results showed that the vaginal pH value in 
the HRT group was lower than that of the con-
trol group [SMD=-0.97 (-1.08, -0.87), P<0.001], 
as shown in Figure 7.

Four studies reported data on maturity chang-
es in vaginal exfoliated cells, involving 650 pa- 
tients (408 in the HRT group and 242 in the 
control group). The heterogeneity among the 
studies was not significant (I2=22%, P=0.28), 
so a fixed effects model was adopted. The 
results showed that the maturity change in vag-
inal exfoliated cells in the HRT group was sig-
nificantly greater than that of the control group 
[SMD=0.99 (0.82, 1.16), P<0.001], as shown 
in Figure 8.

Six studies analyzed the changes in lumbar spi-
nal bone density, involving 727 patients (457 in 
the HRT group and 270 in the control group). 
The heterogeneity among the studies was not 

Table 3. Sensitivity analysis
Elimination 
Study I2 SMD P

Carmignani 86% 1.08 (0.61, 1.54) <0.001
Femandes 77% 1.25 (0.89, 1.62) <0.001
Honisett 86% 1.13 (0.69, 1.57) <0.001
Sriprasert I 85% 0.99 (0.46, 1.52) <0.001
Sriprasert II 78% 0.95 (0.50, 1.40) <0.001
Sørensen 86% 1.03 (0.59, 1.46) <0.001
Wiklund 81% 1.13 (0.66, 1.60) <0.001

Figure 3. Forest plot of the comparison of changes in menopause-specific quality of life questionnaire scores.

Figure 4. Forest plot of the comparison of changes in menopause-specific quality of life questionnaire scores (after 
exclusion).



HRT for menopausal syndrome

7	 Am J Transl Res 2025;17(1):1-15

significant (I2=64%, P=0.02). However, no spe-
cific sources of this heterogeneity were identi-
fied. Employing a stepwise exclusion method, 

we found that excluding Rubinacci’s study re- 
duced the I2 value to 35%, and the P value ex- 
hibited a consistent directional change, indicat-

Figure 5. Forest plot of the comparison of changes in estradiol (E2) levels.

Figure 6. Forest plot of the comparison of changes in follicle stimulating hormone (FSH) levels.

Figure 7. Forest plot of comparisons of vaginal pH values.

Figure 8. Forest plot of the comparison of maturity changes in vaginal exfoliated cells.
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ing greater robustness of the results. Conse- 
quently, a fixed-effects model was used for the 
combined analysis. The results showed that the 
improvement in lumbar bone density in the HRT 
group was significantly greater than that in the 
control group [SMD=1.52 (1.33, 1.71), P< 
0.001], as shown in Figures 9, 10.

Four studies reported changes in hip bone den-
sity, involving 653 patients (404 in the HRT 
group and 249 in the control group). Signifi- 
cant heterogeneity was observed among these  
studies (I2=69%, P=0.02). Subgroup analysis 
revealed that the type of hormone replacement 
therapy was the primary source of heterogene-
ity. Consequently, a fixed-effects model was 
employed for the meta-analysis. The results 
showed that in the three subgroups with differ-
ent drug regimens - estradiol plus norethin-
drone acetate, estradiol, and conjugated equ- 
ine estrogen/estradiol, the improvement in hip 
bone density in the HRT group were all greater 
than those of the control group [SMD=1.00 
(0.72, 1.27), P<0.001; SMD=1.36 (1.11, 1.60), 
P<0.001; SMD=0.57 (0.11, 1.04), P=0.02], as 
shown in Figure 11.

Two studies analyzed changes in TC, LDL, and 
HDL levels, involving 78 patients (39 in the HRT 
group and 39 in the control group). The hetero-

geneity among these studies was not signifi-
cant (I2=0%, P=0.44/0.32/0.77), so a fixed-
effects model was employed. The results in- 
dicated no significant difference in TC change 
[SMD=0.20 (-0.25, 0.64), P=0.39], LDL change 
[SMD=0.29 (-0.16, 0.74), P=0.20], or HDL 
change [SMD=0.01 (-0.43, 0.46), P=0.95] 
between the two groups, as shown in Figures 
12-14.

Five studies reported on TEAE, involving 953 
patients (569 in the HRT group and 384 in the 
control group). The heterogeneity among the 
studies was not significant (I2=12%, P=0.34), 
so a fixed effects model was used. The results 
showed that TEAE occurred equally in both 
groups [OR=0.93 (0.78, 1.13), P=0.48], as 
shown in Figure 15.

Bias assessment

Funnel plots were created for studies reporting 
vaginal pH value, the maturity of vaginal exfoli-
ated cells, and the results of TEAE analysis, as 
shown in Figure 16A-C. Most of the included 
studies were located within the 95% CI. How- 
ever, there was noticeable asymmetry in the 
distribution of studies between the left and 
right sides, which suggests a potential for pub-
lication bias.

Figure 9. Forest plot of the comparison of changes in lumbar spinal bone density.

Figure 10. Forest plot of the comparison of changes in lumbar spinal bone density (after exclusion).
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Discussion

The concept of quality of life is multifaceted 
and subject to diverse interpretations across 
different academic fields. In this study, we used 
two widely recognized questionnaires, modified 
KMI and MENQOL, to assess the quality of life 

in women experiencing menopausal syndrome 
symptoms. The KMI comprises 13 items en- 
compassing a wide range of symptoms com-
monly associated with menopause, such as hot 
flashes, sensory disturbances, insomnia, anxi-
ety, depression, dizziness, weakness, joint and 
muscle pain, headaches, palpitations, skin sen- 

Figure 11. Forest plot of the comparison of changes in hip spinal bone density.

Figure 12. Forest plot of the comparison of changes in total cholesterol (TC).

Figure 13. Forest plot of the comparison of changes in low-density lipoprotein (LDL) levels.

Figure 14. Forest plot of the comparison of changes in high-density lipoprotein (HDL) levels.
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sations, sexual dysfunction, and urinary sys- 
tem symptoms [32]. Meanwhile, the MENQOL 
questionnaire encompasses various dimen-
sions including cardiovascular vasoconstrictive 
symptoms, psychosocial state, sexual function, 
and physiological state; each dimension further 
incorporates multiple specific symptoms or is- 
sues [33]. Our findings indicate that the HRT 
group exhibited smaller changes in KMI and 
MENQOL scores compared to the control group, 
suggesting a significant positive impact of HRT 
on alleviating menopausal symptoms and ma- 
intaining quality of life for women undergoing 
menopause. Nevertheless, quality of life is in- 
herently subjective and influenced by a multi-
tude of factors, including individual variability, 
cultural context, and social environment. Conse- 
quently, future efforts should aim to refine QoL 
evaluation tools to better capture the multifac-
eted nature of menopausal experiences.

The pathogenesis of menopausal syndrome is 
intricate and primarily driven by hormonal flu- 
ctuations resulting from diminished ovarian 
function. As estrogen levels decline, the equilib-
rium among the hypothalamus, pituitary gland, 
and ovaries becomes disrupted. This disruption 
leads to a reduction in pituitary feedback inhibi-

tion and an increase in gonadotropin secretion 
from the pituitary gland, causing dysregulation 
of both hypothalamic-pituitary axis and pitu-
itary-endocrine gland regulatory mechanisms. 
Consequently, this imbalance results in distur-
bances of autonomic nervous system function, 
manifesting as various physiological and psy-
chological adverse symptoms [34-36]. E2 is the 
most significant and biologically active form of 
estrogen, primarily secreted by the ovaries, fol-
licles, and placenta during pregnancy. The de- 
cline in ovarian function associated with meno-
pause results in a decreased secretion of E2 
[37]. FSH is an essential for the maturation of 
follicles and the proliferation and differentia-
tion of granulosa cells within the ovaries. In 
menopausal women, FSH levels are usually 
elevated [38]. Our study found that E2 levels in 
the HRT group were significantly higher than 
that in the control group, indicating that HRT 
can effectively restore E2 levels in women expe-
riencing menopausal syndrome. In the studies 
with placebo as the control intervention, the 
change in FSH levels in the HRT group was 
lower than that in the control group, supports 
the notion that HRT can help normalize FSH lev-
els by restoring the hormonal balance disrupt-
ed during menopause. However, in the studies 

Figure 15. Forest plot of comparisons of treatment-emergent adverse events (TEAE).

Figure 16. Funnel plot. A: A funnel chart based on the analysis results of vaginal pH; B: A funnel chart based on 
the analysis results of vaginal exfoliated cell maturity; C: A funnel chart based on the analysis results of treatment-
emergent adverse events (TEAE).
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using acupuncture as the control, there was no 
significant difference in the FSH changes be- 
tween the HRT group and the control group, 
which may be due to the small number of 
included studies and limited sample size, which 
are not sufficient to detect the difference 
between the two groups.

Menopausal women often experience changes 
in the appearance of the vaginal epithelium, 
characterized by a shift from a thick, wrinkled 
texture to a thin, pale appearance due to declin-
ing estrogen levels. Cytological analysis of vagi-
nal smears, particularly from the upper 1/3 of 
the vagina, shows a reduced surface cell count 
and increased basal-apical cell proliferation in 
postmenopausal women. The assessment of 
vaginal epithelial maturation is commonly em- 
ployed to quantify these cytologic alterations. 
As estrogen-dependent glycogen content grad-
ually diminishes, there is a reduction in normal 
lactobacillus bacterial flora and an alteration in 
vaginal pH, leading to an elevated risk of uri-
nary and genital tract infections known as post-
menopausal urinary and genital tract syndrome 
[39, 40]. This investigation observed lower vag-
inal pH and greater epithelial maturation in the 
HRT group compared with the control group, 
suggesting that HRT can ameliorate urinary 
and genital tract symptoms in menopausal 
women. In a network meta-analysis conducted 
by Li et al. [41] on 29 randomized controlled tri-
als and 8311 postmenopausal women with uri-
nary and genital symptoms, vaginal estrogen 
was found to be less effective than laser thera-
py in improving symptoms such as vaginal dry-
ness, sexual intercourse difficulty, and urinary 
incontinence, as well as in normalizing pH lev-
els. The difference may be attributed to the pre-
dominantly placebo-based treatment given to 
the control group in this study. Therefore, it is 
essential to comprehensively consider various 
factors when interpreting these results and 
avoid drawing one-sided or absolute conclu- 
sions.

Estrogen plays a crucial role in maintaining 
bone health, acting as a receptor for bone cells 
and influencing bone metabolism by promoting 
the synthesis and deposition of the bone matrix 
while inhibiting bone resorption, thereby incre- 
asing bone density and enhancing bone st- 
rength [42, 43]. A decrease in E2 levels is be- 
lieved to be the main cause of postmenopausal 
osteoporosis [44]. With the decline in estrogen 

levels, the bone turnover rate increases, lead-
ing to an imbalance between bone resorption 
and formation, resulting in a decrease in bone 
volume, bone density, and ultimately, osteopo-
rosis [45]. Our study found that the changes in 
lumbar spine and hip bone density observed in 
the HRT group were significantly greater than 
those in the control group, suggesting that HRT 
can effectively enhance bone density levels in 
postmenopausal women. A meta-analysis con-
ducted by Szybiak W et al. [46] corroborated 
these findings, revealing that estrogen replace-
ment therapy demonstrated more pronounced 
effects on increasing bone mass and reducing 
fracture risk compared to growth hormone in 
patients with osteoporosis associated with Tur- 
ner syndrome. Additionally, another meta-anal-
ysis [47] indicated that postmenopausal hor-
mone therapy can substantially improve bone 
density and recommended initiating treatment 
as early as possible for women without contrain- 
dications.

Menopausal lipid metabolic disorders are com-
mon physiologic changes associated with de- 
clining estrogen levels, characterized by an in- 
crease in TC and LDL levels, and a decrease in 
HDL levels. These changes may lead to a series 
of health problems, such as metabolic syn-
drome and cardiovascular diseases [48]. Estro- 
gen plays a pivotal role in lipid metabolism by 
affecting lipid synthesis and regulation in the 
liver. It can promote the reverse transport of 
cholesterol, thereby lowering TC levels, increase 
HDL synthesis, and reduce the oxidative modifi-
cation of LDL [49]. In this study, no significant 
differences were observed in TC, LDL, and HDL 
between the two groups. Although no signifi-
cant advantage was found in improving the 
body’s lipid metabolic disorders with HRT, this 
result indicates that the therapy does not cause 
abnormal lipid levels, showing a certain degree 
of safety.

The assessment of safety holds paramount 
importance when evaluating HRT for managing 
menopausal syndrome. This investigation reve- 
aled comparable incidences of TEAE across 
both groups, suggesting favorable safety pro-
files associated with HRT. However, Du et al. 
[50] conducted a meta-analysis comprising 15 
RCTs involving 1243 patients and observed 
that the incidence of adverse reactions in 
patients treated with Kuntai capsule was lower 
than that in those receiving HRT. He et al. [51] 
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also demonstrated through a meta-analysis 
that the side effects of acupuncture therapy for 
menopausal syndrome were fewer compared to 
those associated with HRT. Therefore, consid-
ering individual variations and potential risks, it 
is imperative to cautiously select patients and 
closely monitor them during treatment. It is 
noteworthy that many risks do not directly 
impact a patient’s life; however, in clinical prac-
tice, serious life-threatening issues such as 
increased risk of venous thrombosis and cer-
tain cancers should be taken into consider-
ation. Nevertheless, this study lacks a compre-
hensive evaluation of this aspect.

Despite the rigorous methodology employed in 
this study, certain limitations should be acknow- 
ledged. First, while multiple RCTs were incorpo-
rated, potential heterogeneity among studies 
regarding patient characteristics, treatment re- 
gimens, and follow-up duration may influence 
the aggregated outcomes. Second, due to in- 
complete data reporting or missing information 
in some studies, the depth and precision of the 
study may be somewhat constrained. Further- 
more, this investigation primarily concentrated 
on TAEA incidence; hence further exploration 
and monitoring are imperative for other poten-
tial side effects or long-term safety concerns. 
Last, it is essential to note that the findings of 
this study predominantly rely on existing litera-
ture with most studies possessing B-level qual-
ity. To confirm and extend these findings, high-
quality, multi-center, large-sample, and long- 
term follow-up studies are needed in the future.

Conclusion

This study evaluated the effects of hormone 
replacement therapy compared to a control 
group on various aspects, including menopaus-
al symptoms, hormone levels, urinary and re- 
productive system symptoms, bone density, 
lipid profiles, and complications. The findings 
indicate that hormone replacement therapy sig-
nificantly enhances the quality of life for meno-
pausal women, improves hormonal balance, all- 
eviates urinary and reproductive system sym- 
ptoms, and increases bone density. Importantly, 
it does not lead to abnormal lipid levels or an 
increase in TEAE, demonstrating both efficacy 
and safety. However, individual differences and 
cultural contexts must be considered when in- 

terpreting these results. Future research should 
focus on high-quality studies to validate and 
expand upon these findings to provide more 
precise guidance for clinical practice.

Disclosure of conflict of interest

None.

Address correspondence to: Yanping Wang, Obste- 
trics and Gynecology Diagnosis and Treatment 
Center, Affiliated Hospital of Changchun University 
of Traditional Chinese Medicine, No. 2, Shenzhen 
Street, Changchun Economic and Technological De- 
velopment Zone, Changchun 130021, Jilin, China. 
Tel: +86-0431-86178018; E-mail: wangyanpingjl@ 
163.com

References

[1]	 Liu GX, Zhang GD and Yan ZY. Efficacy and po-
tential mechanisms of Ganmai Dazao decoc-
tion in treating perimenopausal syndrome: a 
network pharmacology and meta-analysis. 
Asian J Surg 2024; 47: 3065-3067.

[2]	 Mann C, Mahner S and Thaler CJ. Menopause. 
MMW Fortschr Med 2019; 161: 50-57.

[3]	 Dickins KA and Looby SE. Behavioral and psy-
chological health inequities in income dispa-
rate perimenopausal women: a brief report. 
Menopause 2020; 28: 86-92.

[4]	 Chen W, Chen M, Tang H, Wei W, Shao P, Dou 
S, Wu J, Lu B, Shi R and Chen J. Advances in 
diagnosis and treatment of perimenopausal 
syndrome. Open Life Sci 2023; 18: 20220754.

[5]	 Vigneswaran K and Hamoda H. Hormone re-
placement therapy - current recommenda-
tions. Best Pract Res Clin Obstet Gynaecol 
2022; 81: 8-21.

[6]	 Rossouw JE, Anderson GL, Prentice RL, LaCroix 
AZ, Kooperberg C, Stefanick ML, Jackson RD, 
Beresford SA, Howard BV, Johnson KC, Kotch-
en JM and Ockene J; Writing Group for the 
Women’s Health Initiative Investigators. Risks 
and benefits of estrogen plus progestin in 
healthy postmenopausal women: principal re-
sults from the Women’s Health Initiative ran-
domized controlled trial. JAMA 2002; 288: 
321-33.

[7]	 Wiklund I, Karlberg J and Mattsson LA. Quality 
of life of postmenopausal women on a regimen 
of transdermal estradiol therapy: a double-
blind placebo-controlled study. Am J Obstet Gy-
necol 1993; 168: 824-30.

[8]	 Bech P, Munk-Jensen N, Obel EB, Ulrich LG, 
Eiken P and Nielsen SP. Combined versus se-
quential hormonal replacement therapy: a 
double-blind, placebo-controlled study on qual-

mailto:wangyanpingjl@163.com
mailto:wangyanpingjl@163.com


HRT for menopausal syndrome

13	 Am J Transl Res 2025;17(1):1-15

ity of life-related outcome measures. Psycho-
ther Psychosom 1998; 67: 259-65.

[9]	 Delmas PD, Confavreux E, Garnero P, Fardel-
lone P, de Vernejoul MC, Cormier C and Arce 
JC. A combination of low doses of 17 beta- 
estradiol and norethisterone acetate preven- 
ts bone loss and normalizes bone turnover  
in postmenopausal women. Osteoporos Int 
2000; 11: 177-87.

[10]	 Sørensen MB, Rosenfalck AM, Højgaard L and 
Ottesen B. Obesity and sarcopenia after meno-
pause are reversed by sex hormone replace-
ment therapy. Obes Res 2001; 9: 622-6.

[11]	 Rubinacci A, Peruzzi E, Modena AB, Zanardi E, 
Andrei B, De Leo V, Pansini FS, Quebe-Fehling 
E and de Palacios PI. Effect of low-dose trans-
dermal E2/NETA on the reduction of post-
menopausal bone loss in women. Menopause 
2003; 10: 241-9.

[12]	 Nielsen TF, Ravn P, Bagger YZ, Warming L and 
Christiansen C. Pulsed estrogen therapy in pre-
vention of postmenopausal osteoporosis. A 
2-year randomized, double blind, placebo-con-
trolled study. Osteoporos Int 2004; 15: 168-
74.

[13]	 Mizunuma H, Taketani Y, Ohta H, Honjo H, Go-
rai I, Itabashi A and Shiraki M. Dose effects of 
oral estradiol on bone mineral density in Japa-
nese women with osteoporosis. Climacteric 
2010; 13: 72-83.

[14]	 Cano A, Estévez J, Usandizaga R, Gallo JL, Gui-
not M, Delgado JL, Castellanos E, Moral E, Ni-
eto C, del Prado JM and Ferrer J. The therapeu-
tic effect of a new ultra low concentration 
estriol gel formulation (0.005% estriol vaginal 
gel) on symptoms and signs of postmenopaus-
al vaginal atrophy: results from a pivotal phase 
III study. Menopause 2012; 19: 1130-9.

[15]	 Griesser H, Skonietzki S, Fischer T, Fielder K 
and Suesskind M. Low dose estriol pessaries 
for the treatment of vaginal atrophy: a double-
blind placebo-controlled trial investigating the 
efficacy of pessaries containing 0.2 mg and 
0.03 mg estriol. Maturitas 2012; 71: 360-8.

[16]	 Karp DR, Jean-Michel M, Johnston Y, Suciu G, 
Aguilar VC and Davila GW. A randomized clini-
cal trial of the impact of local estrogen on post-
operative tissue quality after vaginal recon-
structive surgery. Female Pelvic Med Reconstr 
Surg 2012; 18: 211-5.

[17]	 Farr JN, Khosla S, Miyabara Y, Miller VM and 
Kearns AE. Effects of estrogen with micronized 
progesterone on cortical and trabecular bone 
mass and microstructure in recently post-
menopausal women. J Clin Endocrinol Metab 
2013; 98: E249-57.

[18]	 Carmignani LO, Pedro AO, Montemor EB, Arias 
VA, Costa-Paiva LH and Pinto-Neto AM. Effects 

of a soy-based dietary supplement compared 
with low-dose hormone therapy on the urogen-
ital system: a randomized, double-blind, con-
trolled clinical trial. Menopause 2015; 22: 741-
9.

[19]	 Paoletti AM, Cagnacci A, Di Carlo C, Orrù MM, 
Neri M, D’Alterio MN and Melis GB. Clinical ef-
fect of hormonal replacement therapy with es-
tradiol associated with noretisterone or drospi-
renone. A prospective randomized placebo 
controlled study. Gynecol Endocrinol 2015; 31: 
384-7.

[20]	 Honisett SY, Tangalakis K, Wark J, Apostolo-
poulos V and Stojanovska L. The effects of hor-
monal therapy and exercise on bone turnover 
in postmenopausal women: a randomised 
double-blind pilot study. Pril (Makedon Akad 
Nauk Umet Odd Med Nauki) 2016; 37: 23-32.

[21]	 Panazzolo DG, da Silva LH, Maranhão PA, Sou-
za MG, Nogueira Neto JF, Leão LM, Bouskela E 
and Kraemer-Aguiar LG. Short-term effects of 
low-dose estradiol on endothelial function and 
blood viscosity in nondiabetic postmenopaus-
al overweight women: a double-blind, placebo-
controlled study. Menopause 2016; 23: 1114-
21.

[22]	 Constantine GD, Simon JA, Pickar JH, Archer 
DF, Kushner H, Bernick B, Gasper G, Graham S 
and Mirkin S; REJOICE Study Group. The RE-
JOICE trial: a phase 3 randomized, controlled 
trial evaluating the safety and efficacy of a 
novel vaginal estradiol soft-gel capsule for 
symptomatic vulvar and vaginal atrophy. Meno-
pause 2017; 24: 409-416.

[23]	 Sun AJ, Wang YP, Gu B, Zheng TP, Lin SQ, Bai 
WP, Wei Y, Zhang SF and Zhang Y. A multi-cen-
ter, randomized, controlled and open clinical 
trial of heyan kuntai capsule () and hormone 
therapy in perimenopausal women. Chin J In-
tegr Med 2018; 24: 487-493.

[24]	 Archer DF, Kimble TD, Lin FDY, Battucci S, Sni-
ukiene V and Liu JH. A randomized, multi-
center, double-blind, study to evaluate the 
safety and efficacy of estradiol vaginal cream 
0.003% in postmenopausal women with vagi-
nal dryness as the most bothersome symptom. 
J Womens Health (Larchmt) 2018; 27: 231-
237.

[25]	 Fernandes T, Pedro AO, Baccaro LF and Costa-
Paiva LH. Hormonal, metabolic, and endome-
trial safety of testosterone vaginal cream ver-
sus estrogens for the treatment of vulvovaginal 
atrophy in postmenopausal women: a random-
ized, placebo-controlled study. Menopause 
2018; 25: 641-647.

[26]	 Kroll R, Archer DF, Lin Y, Sniukiene V and Liu 
JH. A randomized, multicenter, double-blind 
study to evaluate the safety and efficacy of es-



HRT for menopausal syndrome

14	 Am J Transl Res 2025;17(1):1-15

tradiol vaginal cream 0.003% in postmeno-
pausal women with dyspareunia as the most 
bothersome symptom. Menopause 2018; 25: 
133-138.

[27]	 Sriprasert I, Hodis HN, Karim R, Stanczyk FZ, 
Shoupe D, Henderson VW and Mack WJ. Dif-
ferential effect of plasma estradiol on subclini-
cal atherosclerosis progression in early vs. late 
postmenopause. J Clin Endocrinol Metab 
2019; 104: 293-300.

[28]	 Diem SJ, Guthrie KA, Mitchell CM, Reed SD, 
Larson JC, Ensrud KE and LaCroix AZ. Effects 
of vaginal estradiol tablets and moisturizer on 
menopause-specific quality of life and mood in 
healthy postmenopausal women with vaginal 
symptoms: a randomized clinical trial. Meno-
pause 2018; 25: 1086-1093.

[29]	 Jiang G, Li Y, Xu D, Gong X, Wu W, Kubota K, He 
L and Jia C. Effect of acupoint therapy com-
bined with spine pinching in patients with 
menopausal syndrome: a randomized con-
trolled trial. J Tradit Chin Med 2020; 40: 855-
862.

[30]	 Ren M, Ruan X, Gu L, Pexman-Fieth C, Kahler E 
and Yu Q. Ultra-low-dose estradiol and dydro-
gesterone: a phase III study for vasomotor 
symptoms in China. Climacteric 2022; 25: 
286-292.

[31]	 Kim HI, Kim MK, Lee I, Yun J, Kim EH and Seo 
SK. Efficacy and safety of a standardized soy 
and hop extract on menopausal symptoms: a 
12-week, multicenter, randomized, double-
blind, placebo-controlled clinical trial. J Altern 
Complement Med 2021; 27: 959-967.

[32]	 Tang R, Luo M, Fan Y, Peng Y, Wang Y, Liu G, 
Wang Y, Lin S and Chen R. Menopause-specific 
quality of life during ovarian aging among Chi-
nese women: a prospective cohort study. Ma-
turitas 2022; 157: 7-15.

[33]	 Wen J, Feng Y, Yan W, Yuan S, Zhang J, Luo A 
and Wang S. Vaginal microbiota changes in pa-
tients with premature ovarian insufficiency 
and its correlation with ovarian function. Front 
Endocrinol (Lausanne) 2022; 13: 824282.

[34]	 Xu Y and Zhao L. Therapeutic effect of low-
dose estrogen and progestogen replacement 
therapy on perimenopausal syndrome. Miner-
va Pediatr (Torino) 2022; 74: 619-621.

[35]	 Mahboobifard F, Pourgholami MH, Jorjani M, 
Dargahi L, Amiri M, Sadeghi S and Tehrani FR. 
Estrogen as a key regulator of energy homeo-
stasis and metabolic health. Biomed Pharma-
cother 2022; 156: 113808.

[36]	 Zhang L, Ruan X, Cui Y, Gu M and Mueck AO. 
Menopausal symptoms and associated social 
and environmental factors in midlife Chinese 
women. Clin Interv Aging 2020; 15: 2195-
2208.

[37]	 Li LL, Yang Y, Ma CM, Li XM, Bian X, Fu Y, Ren 
LK, Wang RM, Shi YG and Zhang N. Effects of 
soybean isoflavone aglycone on osteoporosis 
in ovariectomized rats. Front Nutr 2023; 10: 
1122045.

[38]	 Kawakita T, Yasui T, Yoshida K, Matsui S and 
Iwasa T. Associations of LH and FSH with re-
productive hormones depending on each 
stage of the menopausal transition. BMC Wo-
mens Health 2023; 23: 286.

[39]	 Simon JA, Kagan R, Archer DF, Constantine 
GD, Bernick B, Graham S and Mirkin S. TX-
004HR clinically improves symptoms of vulvar 
and vaginal atrophy in postmenopausal wom-
en. Climacteric 2019; 22: 412-418.

[40]	 Da Silva AS, Baines G, Araklitis G, Robinson D 
and Cardozo L. Modern management of geni-
tourinary syndrome of menopause. Fac Rev 
2021; 10: 25.

[41]	 Li B, Duan H, Chang Y and Wang S. Efficacy 
and safety of current therapies for genitouri-
nary syndrome of menopause: a Bayesian net-
work analysis of 29 randomized trials and 
8311 patients. Pharmacol Res 2021; 164: 
105360.

[42]	 Zhang Y, Mao X, Yu X, Huang X, He W and Yang 
H. Bone mineral density and risk of breast can-
cer: a cohort study and Mendelian randomiza-
tion analysis. Cancer 2022; 128: 2768-2776.

[43]	 Fine A, Busza A, Allen LM, Kelly C, Wolfman W, 
Jacobson M and Lega IC. Comparing estrogen-
based hormonal contraceptives and hormone 
therapy on bone mineral density in women 
with premature ovarian insufficiency: a sys-
tematic review. Menopause 2022; 29: 351-
359.

[44]	 Cao Z, Liu W, Bi B, Wu H, Cheng G and Zhao Z. 
Isoorientin ameliorates osteoporosis and oxi-
dative stress in postmenopausal rats. Pharm 
Biol 2022; 60: 2219-2228.

[45]	 Bhatnagar A and Kekatpure AL. Postmeno-
pausal osteoporosis: a literature review. Cure-
us 2022; 14: e29367.

[46]	 Szybiak W, Kujawa B, Miedziaszczyk M and 
Lacka K. Effect of growth hormone and estro-
gen replacement therapy on bone mineral 
density in women with turner syndrome: a me-
ta-analysis and systematic review. Pharmaceu-
ticals (Basel) 2023; 16: 1320.

[47]	 Genazzani AR, Monteleone P, Giannini A and 
Simoncini T. Hormone therapy in the post-
menopausal years: considering benefits and 
risks in clinical practice. Hum Reprod Update 
2021; 27: 1115-1150.

[48]	 Ko SH and Kim HS. Menopause-associated 
lipid metabolic disorders and foods beneficial 
for postmenopausal women. Nutrients 2020; 
12: 202.



HRT for menopausal syndrome

15	 Am J Transl Res 2025;17(1):1-15

[49]	 Xu F, Ma J, Wang X, Wang X, Fang W, Sun J, Li Z 
and Liu J. The role of G protein-coupled estro-
gen receptor (GPER) in vascular pathology and 
physiology. Biomolecules 2023; 13: 1410.

[50]	 Du X, Xu L, Wang L, Heng M, Bu H, Hao Y and 
Tian J. Comparison of the effect and safety of 
Kuntai capsule and hormone replacement 
therapy in patients with perimenopausal syn-
drome: a systematic review and meta-analysis. 
J Tradit Chin Med 2017; 37: 279-285.

[51]	 He QD, Zhong ZH, Liu MN, Tong ZY, Wu QB and 
Chen M. Efficacy and safety of acupuncture vs. 
hormone therapy for menopausal syndrome: a 
systematic review and meta-analysis. Am J 
Chin Med 2021; 49: 1793-1812.


