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Introduction

Uterine myoma is the most prevalent benign tu-
mor in the female reproductive system, with an in-
cidence of 20–25% [1]. Common clinical symptoms 
include monthly irregularities, miscarriage, pres-
sure-related symptoms, and reproductive dysfunc-
tion [2–4]. While hysterectomy and myomectomy 

are traditional surgical treatments for uterine my-
oma, uterine artery embolization (UAE) has gained 
popularity since its introduction in 1995 as a mini-
mally invasive and uterus-preserving nonsurgical op-
tion for those seeking to avoid surgery or preserve 
the uterus.

The UAE has been recognized as a beneficial ther-
apeutic option for hysterectomy in several investiga-
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A b s t r a c t

Introduction: Uterine artery embolization (UAE) and hysterectomy are often used to treat uterine myoma. Neverthe-
less, the impact of these two treatments on postoperative ovarian function remains uncertain.
Aim: To compare the postoperative ovarian function in individuals with uterine myoma who had UAE against hys-
terectomy.
Material and methods: Searches were conducted in the Wanfang, Web of Science, and PubMed databases to find 
qualifying studies. The data were combined and analyzed. 
Results: Seven publications were included in this meta-analysis. Uterus and uterine myoma volume were dramatical-
ly decreased by UAE (p < 0.00001 for both). The combined preoperative levels of follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), and estradiol (E2) were similar in both groups. Three months postoperatively, the combined 
FSH (p = 0.28) and LH (p = 0.64) levels were similar in both groups, while the combined E2 level was notably higher 
in the UAE group compared to the hysterectomy group (p < 0.00001). Six months postoperatively, the combined 
postoperative FSH and LH levels were considerably lower in the UAE group compared to the hysterectomy group  
(p = 0.002 for both). However, the combined E2 levels were similar between the two groups (p = 0.07). Also,  
12 months after surgery, the combined postoperative FSH and LH levels were remarkably lower in the UAE group 
compared to the hysterectomy group (p = 0.02 and p < 0.00001, respectively). However, the combined E2 levels were 
similar in both groups (p = 0.15).
Conclusions: UAE may provide superior preservation of postoperative ovarian function compared to hysterectomy in 
individuals with uterine myoma. 
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tions, including multiple randomized controlled trials 
(RCTs) [4–8]. The RCTs evaluated myomectomy or hys-
terectomy with UAE and showed comparable outcomes 
in terms of quality of life at 1, 5, and 10 years of fol-
low-up [4–8]. Hysterectomy may have a major impact 
on ovarian function due to the removal of the ovarian 
branch of the uterine artery during the procedure [9]. 
UAE may maintain ovarian function better than hys-
terectomy [6]. To date, few studies have examined the 
postoperative ovarian function in individuals with uter-
ine myoma who underwent UAE versus hysterectomy.

Aim

To compare the postoperative ovarian function 
in individuals with uterine myoma who had UAE 
against hysterectomy.

Material and methods

Study selection

This meta-analysis was done as per the Preferred 
Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) criteria and has been regis-
tered at INPLASY.COM (No. INPLASY202420021).

A  search was employed in Wanfang, Web of 
Science, and PubMed databases to identify rele-
vant publications as of December 2023. The search 
terms used were: ((uterine fibroid) AND ((emboliza-
tion) OR (UAE))) AND ((((surgery) OR (resection)) OR 
(myomectomy)) OR (hysterectomy)). The following 
inclusion criteria were applied: (a) studies compar-
ing hysterectomy with UAE for uterine myoma; (b) 
ovarian function tests (pre- and postoperatively) 
were reported; and (c) the language used was not re-
stricted. The exclusion criteria included: (a) research 
without human subjects; (b) sample sizes less than 
20; and (c) continuous data that were not presented 
as mean ± standard deviation (SD).

Data extraction

Two authors separately retrieved pertinent data 
from the research, resolving discrepancies via dis-
cussion with a  senior author. The extracted data 
consisted of the first author, publication year, coun-
try, study design, quality assessment scores, patient 
count, age, gender distribution, ovarian function 
tests (including pre- and postoperative FSH, LH, E2), 
and uterus and uterine myoma volume measure-
ments (pre- and postoperatively).

Quality assessment 

The quality of RCTs was assessed via the Cochrane 
risk-of-bias methodology, which categorized report-
ing, selection, detection, attrition, performance, and 
other biases as low, high, or uncertain risk. 

The quality of observational studies was evaluat-
ed using the Newcastle-Ottawa Scale (NOS), which 
allocates points to each study according to outcome, 
comparability, and selection (3, 2, and 4 points, re-
spectively) criteria. A NOS score of 7 or above indi-
cated research of high quality.

Endpoints

This meta-analysis examined the preoperative 
and postoperative (at 6 months) volume of the uter-
us and uterine myoma, as well as the preoperative 
and postoperative (at 3, 6, and 12 months) FSH, LH, 
and E2 levels.

Statistical analysis

The meta-analysis and related analyses were per-
formed using Stata v12.0 and RevMan v5.3. Contin-
uous variables were compared via mean differences 
(MD) values along with 95% CIs. Heterogeneity was 
evaluated via the Q test and the I2 statistic (an I2  
> 50% was suggestive of considerable heteroge-
neity). Random-effect models could be employed 
where heterogeneity was considerable, while 
fixed-effect models were utilized in other cases. 
Sensitivity analyses were performed via a  “leave 
one out” approach to identify causes of heterogene-
ity. The presence of publication bias was assessed 
by Egger’s test, with a  significance level set at  
p < 0.05.

Results
Study selection

Initially, we identified 3154 articles using the 
search approach. After eliminating duplicate articles 
(n = 430), 2724 articles were evaluated. We removed 
2700 unrelated papers and examined the remaining 
24 acceptable publications. Seventeen papers were 
removed for not having ovarian function tests, and 
seven studies were included in our meta-analysis 
(Figure 1). 

Out of the 7 investigations analyzed [10–17], four 
were RCTs [12, 13, 16, 17] while the other 3 were 
retrospective studies. The quality of the four RCTs is 
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shown in Figure 2, while the NOS scores of the three 
retrospective investigations varied from 7 to 8 (Table I).  
The investigations were all carried out in China be-
tween 2007 and 2018. 

A total of 334 patients who had undergone UAE 
and 313 patients who had undergone hysterectomy 
were included (Table II). Table II displays the pre- and 
postoperative (at 3, 6, and 12 months) values of FSH, 
LH, and E2.

Change of uterus volume

Two investigations documented the volume of 
the uterus both before and after undergoing UAE 
[11, 16]. The combined findings showed a substan-
tial reduction in uterine volume after UAE treatment 
(MD = 269.82, 95% CI: 256.25–283.39, p < 0.00001, 
Figure 3 A). The heterogeneity was not statistically 
significant (I2 = 0%). Publication bias could not be 
evaluated due to the limited number of publications 
available for this specific outcome. 

Change of uterine myoma volume

Two investigations documented the volume of 
uterine myoma before and after UAE [11, 16]. The 
combined findings showed a  substantial reduc-
tion in uterine myoma volume after UAE treatment  
(MD = 68.79, 95% CI: 56.80–80.77, p < 0.00001, Fig-

Records identified through database  
searching (n = 3154) 

Additional records identified through other 
sources (n = 0) 

Full-text articles assessed for eligibility  
(n = 24) 

Studies included in qualitative synthesis  
(n = 7) 

Studies included in quantitative synthesis 
(meta-analysis) (n = 7) 

Records after duplicates removed (n = 2724) 

Records screened (n = 2724) 

Records excluded (n = 2700) 
Reviews (n = 515) 

Case reports (n = 346) 
Animal studies (n = 33) 

Not in field of interest (n = 1806) 

Full-text articles excluded (n = 17) 
No ovarian function data (n = 11) 

No mean ± SD data (n = 6) 
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Figure 1. Flowchart of this meta-analysis
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Figure 2. Quality assessment of included RCTs

Feng 2007 

Guan 2018 

Yang 2017 

Zhou 2018

ure 3 B). There was a substantial level of heterogene-
ity, with an I2 value of 78%. Unfortunately, sensitivity 
and publication bias analyses were not possible due 
to the limited number of papers available for this 
outcome (n = 2).
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A
Study   Before    After   Weight Mean difference Mean difference
or subgroup Mean  SD  Total  Mean  SD  Total  (%) IV, fixed, 95% CI IV, fixed, 95% CI
Cao 2018  418.5  59.3  80  150  21.4  80  96.5  268.50 [254.69, 282.31] 
Yang 2017  671.5  120.6  18  365.3  100.2  18  3.5  306.20 [233.77, 378.63] 

Total (95% CI)    98    98  100.0  269.82 [256.25, 283.39]
Heterogeneity: c2 = 1.00, df = 1 (p = 0.32); I2 = 0% 
Test for overall effect: Z = 38.97 (p < 0.00001) 

B
Study   Before    After   Weight Mean difference Mean difference
or subgroup Mean  SD  Total  Mean  SD  Total  (%) IV, random, 95% CI IV, random, 95% CI
Cao 2018  87.9  16.2  80  24.3  8  80  58.2  63.60 [59.64, 67.56]
Yang 2017  140.2  10.5  18  64.2  20.4  18  41.8  76.00 [65.40, 86.60]

Total (95% CI)    98    98  100.0  68.79 [56.80, 80.77]
Heterogeneity: t2 = 60.22; c2 = 4.61, df = 1 (p = 0.03); I2 = 78% 
Test for overall effect: Z = 11.25 (p < 0.00001) 

Figure 3. Comparison of uterine (A) and uterine (B) myoma volume before and after UAE
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 –100 –50 0 50 100
  Before   After

FSH

Preoperative FSH levels were recorded in all in-
vestigations, and the combined preoperative FSH 
levels were similar across the UAE and hysterectomy 
groups (MD = 0.12, 95% CI: –0.37–0.61, p = 0.63, 
Table III). There was a substantial level of heteroge-
neity, with an I2 value of 69%. The sensitivity analy-
sis revealed that the research by Yang [16] was the 
cause of the heterogeneity. The pooled preoperative 
FSH levels were similar across the UAE and hyster-
ectomy groups even after excluding Yang’s investi-
gations (p = 0.46). The Egger’s test showed a min-
imal probability of publication bias with a p -value 
of 0.118.

Four studies examined the FSH levels 3 months 
after surgery [11, 12, 16, 17]. The combined FSH lev-
els at 3 months post-surgery were similar across the 
UAE and hysterectomy groups (MD = –0.92, 95% CI: 
–2.59–0.75, p = 0.28, Table III). There was a substan-
tial level of heterogeneity (I2 = 92%). The sensitivity 
analysis identified the research by Cao and He [11] as 
the cause of the heterogeneity. The 3-month postop-

erative FSH level was considerably lower in the UAE 
group compared to the hysterectomy group after ex-
cluding Cao’s data (p < 0.00001). The Egger’s test 
revealed a  minimal probability of publication bias  
(p = 0.176). 

Five studies examined the FSH levels 6 months 
after surgery [12–16]. The combined FSH level at  
6 months post-surgery was notably lower in the UAE 
group compared to the hysterectomy group (MD = 
–3.89, 95% CI: –6.32––-1.46, p = 0.002, Table III). 
There was a substantial level of variability (I2 = 97%). 
The sensitivity analysis revealed that the research by 
Yang [16] was the cause of the heterogeneity. The 
6-month postoperative FSH level remained con-
siderably lower in the UAE group compared to the 
hysterectomy group after excluding Yang’s data (p < 
0.00001). The Egger’s test showed a modest proba-
bility of publication bias (p = 0.15). 

Five studies examined the FSH levels 12 months 
after surgery. The combined FSH level at 12 months 
post-surgery was notably lower in the UAE group 
compared to the hysterectomy group (MD = –4.86, 
95% CI: –8.87–-0.85, p = 0.02, Table III). There was 

Table III. Pooled results of pre- and postoperative FSH

Variable Number of studies MD (95% CI) Heterogeneity Favored

Preoperative 7 0.12 (–0.37, 0.61), p = 0.63 I2 = 69% –

3-month postoperative 4 –0.92 (–2.59, 0.75), p = 0.28 I2 = 92% –

6-month postoperative 5 –3.89 (–6.32, –1.46), p = 0.002 I2 = 97% UAE

12-month postoperative 5 –4.86 (–8.87, –0.85), p = 0.02 I2 = 99% UAE

FSH – luteinizing hormone, MD – mean difference, UAE – uterine artery embolization.
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a substantial level of variability (I2 = 99%). The sen-
sitivity analysis identified the research by Yang [16] 
as the cause of the heterogeneity. The 12-month 
postoperative FSH level remained considerably low-
er in the UAE group compared to the hysterectomy 
group after excluding Yang’s data (p < 0.00001). The 
Egger’s test showed a minimal probability of publi-
cation bias (p = 0.057).

LH

All studies included in the analysis provided data 
on preoperative LH levels. The combined preop-
erative LH levels were similar between the groups 
undergoing UAE and hysterectomy (MD = –0.12,  
95% CI: –0.43–0.20, p = 0.47, Table IV). The hetero-
geneity was not statistically significant (I2 = 12%). 
The Egger’s test showed a minimal likelihood of pub-
lication bias (p = 0.527). 

Four studies examined the LH levels 3 months 
after surgery [11, 12, 16, 17]. The combined LH lev-
els at 3 months post-surgery were similar across the 
UAE and hysterectomy groups (MD = 1.01, 95% CI: 
–3.18–5.20, p = 0.64, Table IV). There was a substan-
tial level of variability (I2 = 98%). The sensitivity anal-
ysis failed to identify the origin of heterogeneity. The 
Egger’s test showed a minimal probability of publi-
cation bias (p = 0.288). 

Five studies analyzed the LH levels 6 months 
after surgery [12–16]. The combined LH level at  
6 months post-surgery was notably lower in the UAE 
group compared to the hysterectomy group (MD = 

–3.09, 95% CI: –4.72– –1.46, p = 0.0002, Table IV). 
There was a substantial level of heterogeneity (I2 = 
93%). The sensitivity analysis failed to identify the 
origin of heterogeneity. The Egger’s test showed 
a minimal probability of publication bias (p = 0.173). 

Five studies examined the 12-month postop-
erative LH levels [12–16]. The combined 12-month 
postoperative LH level was significantly lower in the 
UAE group than the hysterectomy one (MD = –4.05, 
95% CI: –5.2– –2.81, p < 0.00001, Table IV). There 
was a significant level of heterogeneity (I2 = 90%). 
The sensitivity analysis failed to identify the origin 
of heterogeneity. The Egger’s test showed a minimal 
likelihood of publication bias (p = 0.166).

E2

All studies included in the analysis provided 
data on preoperative E2 levels. The combined pre-
operative E2 levels were similar between the groups 
undergoing UAE and hysterectomy (MD = 0.43,  
95% CI: –0.42–1.28, p = 0.32, Table V). The hetero-
geneity was not significant (I2 = 0%). The Egger’s 
test showed a minimal likelihood of publication bias  
(p = 0.557). 

Four studies examined the E2 levels 3 months af-
ter surgery [11, 12, 16, 17]. The combined E2 level at 
3 months post-surgery was significantly higher in the 
UAE group compared to the hysterectomy one (MD 
= 143.87, 95% CI: 101.46–-186.29, p < 0.00001, Ta-
ble V). There was a substantial level of heterogeneity 
(I2 = 100%). The sensitivity analysis failed to identify 

Table IV. Pooled results of pre- and postoperative LH

Variable Number of studies MD (95% CI) Heterogeneity Favored

Preoperative 7 –0.12 (–0.43, 0.20), p = 0.47 I2 = 12% –

3-month postoperative 4 1.01 (–3.18, 5.20), p = 0.64 I2 = 98% –

6-month postoperative 5 –3.09 (–4.72, –1.46), p = 0.0002 I2 = 93% UAE

12-month postoperative 5 –4.05 (–5.29, –2.81), p < 0.00001 I2 = 90% UAE

LH – follicle-stimulating hormone, MD – mean difference, UAE – uterine artery embolization.

Table V. Pooled results of pre- and postoperative E2

Variable Number of studies MD (95% CI) Heterogeneity Favored

Preoperative 7 0.43 (–0.42, 1.28), p = 0.32 I2 = 0% –

3-month postoperative 4 143.87 (101.46, 186.29), p < 0.00001 I2 = 100% UAE

6-month postoperative 5 28.51 (–2.80, 59.82), p = 0.07 I2 = 100% –

12-month postoperative 5 35.16 (–12.25, 82.58), p = 0.15 I2 = 90% –

E2 – estradiol, MD – mean difference, UAE – uterine artery embolization.
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the origin of heterogeneity. The Egger’s test showed 
a minimal probability of publication bias (p = 0.3). 

Five studies examined the E2 levels 6 months 
after surgery [12–16]. The combined E2 levels at  
6 months post-surgery were similar across the UAE 
and hysterectomy groups (MD = 28.51, 95% CI: 
–2.80–59.82, p = 0.07, Table V). There was a  sub-
stantial level of heterogeneity (I2 = 100%). The sen-
sitivity analysis failed to identify the origin of het-
erogeneity. The Egger’s test revealed a  substantial 
probability of publication bias (p = 0.003). 

Five studies documented the 12-month postoper-
ative E2 levels [12–16], and the combined 12-month 
postoperative E2 levels were similar across the UAE 
and hysterectomy groups (MD = 35.16, 95% CI: 
–12.25–82.58, p = 0.15, Table V). The heterogene-
ity was significant with an I2 value of 100%. The 
sensitivity analysis revealed that the research by 
Yang [16] was the cause of the heterogeneity. The 
12-month postoperative E2 level was considerably 
higher in the UAE group compared to the hysterecto-
my group after excluding Yang’s data (p < 0.00001). 
The Egger’s test revealed a significant probability of 
publication bias (p = 0.041).

Discussion

Uterine myoma is a noncancerous tumor in the 
uterus that often occurs in females aged 30–50 years 
[15]. The cause of uterine myoma remains uncertain, 
with numerous experts suggesting a possible link to 
aberrant estrogen levels [18–21]. Surgical resection 
is the definitive therapy for uterine myoma. Howev-
er, hysterectomy or myomectomy often leads to the 
removal of the ovarian branches of the uterine arter-
ies. Some studies have suggested that the amount 
of blood flow to the ovaries would decrease by 50–
70% after a hysterectomy [15]. Decreasing the blood 
flow to the ovaries will lead to a decrease in ovarian 
functioning. Fong et al. [22] discovered that patients 
lost over 87% of their primordial and developing fol-
licles after a hysterectomy.

Recently, the approach to treating uterine myo-
ma has changed. When treating the uterine myoma, 
it is important to protect the uterus. The UAE tech-
nique is a safe and efficient therapy for uterine my-
oma [23]. This meta-analysis revealed a substantial 
reduction in both post-UAE uterus and uterine my-
oma volume compared to pre-UAE measurements. 
Nevertheless, UAE might impact ovarian functions 
by potentially obstructing the ovarian microvascula-

ture, leading to ischemia and a decrease in the pri-
mordial follicular pool [24].

Previous research has examined the impact of 
UAE on ovarian function. However, the findings are 
still debated. Czuczwar et al. [24] conducted a study 
comparing the effects on postoperative ovarian func-
tion of UAE, ulipristal acetate, and supracervical hys-
terectomy. The results indicated that the UAE had the 
most significant influence on ovarian function. The 
study participants were only monitored for 3 months. 
Hehenkamp et al. [25] found that both hysterectomy 
and UAE had a  comparable impact on the ovarian 
function of elderly women transitioning into meno-
pause. Younger women’s ovaries, however, could 
have a higher chance of healing after UAE [26]. 

The pooled preoperative FSH, LH, and E2 levels 
were comparable across the UAE and hysterectomy 
groups in this meta-analysis, confirming the validi-
ty of the research. Three months after surgery, the 
UAE group had comparable FSH and LH levels to the 
hysterectomy one, but with a considerably elevated 
E2 level. These results suggest that UAE and hyster-
ectomy have a comparable effect on the short-term 
postoperative function of the ovary. A  hysterecto-
my might result in worse long-term postoperative 
ovarian conditions than UAE, as shown by the 6- and 
12-month postoperative outcomes, which revealed 
that the UAE group had considerably lower FSH and 
LH levels than the hysterectomy group.

Some researchers suggested that ovarian func-
tion may gradually return following UAE [15]. Re-
covery of ovarian function may occur due to the es-
tablishment of collateral circulation after UAE [15]. 
Several researchers have expressed the opinion that 
the impact of UAE on ovarian function in the UAE 
was reversible [23, 27]. 

There are limitations to this meta-analysis. Some 
of the studies included were retrospective, which 
might have introduced bias. Furthermore, several 
of the studies did not do follow-ups at 3, 6, and 12 
months. Therefore, the combined findings of the 
postoperative outcomes need to be confirmed. Fur-
thermore, as all the research analyzed was carried 
out only in China, future meta-analyses should aim 
to include data from other countries.

Conclusions

The findings of this meta-analysis suggest that 
UAE may provide superior postoperative ovarian 
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function compared to hysterectomy for individuals 
with uterine myoma.
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