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Abstract
Background An enduring challenge for women diagnosed with Turner syndrome (TS) is infertility. Oocyte donation 
(OD) offers a chance of pregnancy for these patients. However, current data on pregnancy outcomes are inadequate. 
Hence, this systematic review aims to explore the clinical outcomes of OD in patients with TS.

Methods A systematic search was conducted in PubMed, Web of Sciences, Scopus, and Embase for relevant papers 
from 1 January 1990 to 30 November 2023. Our primary research objective is to determine the live birth rate among 
women with TS who have undergone in vitro fertilization (IVF) using OD for fertility purposes. Specifically, we aim 
to calculate the pooled live birth rates per patient and per embryo transfer (ET) cycle. For secondary outcomes, we 
have analyzed the rates of clinical pregnancy achievement per ET cycle and the incidence of gestational hypertensive 
complications per clinical pregnancy. Prevalence meta-analyses were performed using STATA 18.0 by utilizing a 
random-effects model and calculating the pooled rates of each outcome using a 95% confidence interval (CI).

Results A total of 14 studies encompassing 417 patients were systematically reviewed. Except for one prospective 
clinical trial and one prospective cohort study, all other 12 studies had a retrospective cohort design. Our meta-
analysis has yielded a pooled live birth rate per patient of 40% (95% CI: 29-51%; 14 studies included) and a pooled 
live birth rate per ET cycle of 17% (95% CI: 13-20%; 13 studies included). Also, the pooled clinical pregnancy 
achievement rate per ET cycle was estimated at 31% (95% CI: 25-36%; 12 studies included). Moreover, the pooled rate 
of pregnancy-induced hypertensive disorders per clinical pregnancy was estimated at 12% (95% CI: 1-31%; 8 studies 
included). No publication bias was found across all analyses.

Conclusions This study demonstrated promising pregnancy outcomes for OD in patients with TS. Further studies are 
essential to address not only the preferred techniques, but also the psychological, ethical, and societal implications of 
these complex procedures for these vulnerable populations.

Trial registration This systematic review was registered in the International Prospective Register of Systematic 
Reviews (PROSPERO) under the registration code CRD42023494273.
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Background
Turner syndrome (TS) is a genetic condition character-
ized by the complete or partial absence of one X chromo-
some in females [1, 2]. This condition affects about 1 in 
every 2000‒2500 females born alive [3]. The main karyo-
types observed in patients with TS are 45, X (most com-
mon form), mosaic 45, X/46, XX, or isochromosome [4]. 
TS is characterized by a high incidence of early ovarian 
insufficiency, cardiovascular complications, short stat-
ure, renal abnormalities, hearing loss, osteoporosis, and 
neuropsychological deficits [1, 4–6]. The clinical mani-
festation varies significantly and shows differences in 
the various karyotypes [4, 7, 8]. Typically, women with a 
mosaic karyotype have a less severe phenotype [2, 4, 9].

An enduring challenge for women diagnosed with TS is 
delayed puberty and infertility [10, 11]. Most individuals 
with TS experience infertility due to gonadal dysgenesis 
[12, 13]. Oocyte loss occurs when oocytes are depleted 
from the ovaries after the 18th week of fetal development 
or within a few years after birth, typically before puberty 
[8, 14, 15]. Nevertheless, throughout adolescence, a small 
proportion of individuals, particularly those with mosaic 
karyotypes, may have ovaries containing a limited num-
ber of follicles. This can lead to spontaneous pubertal 
development and menarche [8]. Spontaneous puberty 
manifests in approximately 20–30% of individuals with 
TS, and their fertility rates range from 5 to 10% [15]. 
Although, most spontaneous pregnancies result in abor-
tion, stillbirth, or delivery of newborns with congenital 
anomalies [8].

Reproductive medicine advancements provide fertility 
options for patients with TS through oocytes or ovarian 
tissue cryopreservation before the follicles start to dis-
appear [16]. Furthermore, women with TS can become 
pregnant through emerging assisted reproductive tech-
nologies (ART), such as oocyte donation (OD) [17]. Dur-
ing this process, the donor undergoes ovarian stimulation 
to retrieve mature follicles, which are then fertilized with 
the sperm of the male partner (if applicable). Follow-
ing endometrial preparation with hormone therapy, the 
resulting embryos are transferred into the uterus of the 
patient with TS [18, 19]. The pregnancy rate or live birth 
rate after OD in patients with TS varies across different 
studies [20, 21]. Furthermore, studies have demonstrated 
that the use of OD for the fertility of patients with TS 
may be linked to a higher occurrence of difficulties dur-
ing pregnancy, such as pregnancy-induced hypertension, 
premature delivery, stillbirth, and abortion [22, 23].

Continuing investigation of strategies for improving 
fertility outcomes and decreasing pregnancy-induced 
complications in women with TS has been an area of 
interest [24–27]. To the best of our knowledge, this study 
is the first systematic review and meta-analysis to explore 
clinical outcomes of OD in patients with TS. Our primary 

objectives were to assess the live birth rate per patient 
receiving oocyte donation and per embryo transfer (ET) 
cycle. Additionally, we evaluated the clinical pregnancy 
rate per ET cycle and the occurrence rate of pregnancy-
induced hypertensive disorders as secondary objectives. 
We hope the findings provide valuable insights into the 
success rates and adverse event rates associated with OD 
in patients with TS.

Materials and methods
This study was conducted by following the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) 2020 checklist [28]. The review protocol 
was registered in the International Prospective Register 
of Systematic Reviews (PROSPERO) under the registra-
tion code CRD42023494273.

Research question
Our primary research objective is to determine the live 
birth rate among women with TS who have undergone in 
vitro fertilization (IVF) using OD for fertility purposes. 
Specifically, we aim to calculate the pooled live birth rates 
per patient (cumulative live birth rate) and live birth rate 
per ET cycle [29]. For secondary outcomes, we have ana-
lyzed the rates of clinical pregnancy achievement per ET 
cycle and the incidence of gestational hypertensive com-
plications per clinical pregnancy.

Success rate definitions:
We defined a live birth as the delivery of a living baby 

beyond the 25th week of gestation, with the delivery 
of twins or other multiples considered a single event. 
Women with TS who underwent IVF using OD consisted 
of women who participated in at least one IVF using OD, 
whether they had successful intrauterine pregnancy or 
ectopic pregnancy or did not get implantation. Clinical 
pregnancy was defined by the detection of a gestational 
sac on the first ultrasound scan, conducted between 6 
and 8 weeks of gestation. Pregnancy-induced hyperten-
sive disorders were identified as the occurrence of at least 
one of the following complications in a successful clini-
cal pregnancy: (1) gestational hypertension (2), mild or 
severe preeclampsia, or (3) eclampsia.

Search strategy
We conducted a systematic search on January 15, 2024, 
across four reputable online databases (PubMed, Scopus, 
Embase, and Web of Science) for papers published from 
January 1, 1990, to November 30, 2023, to identify rele-
vant studies. No language restrictions were applied.

Given the aim of our review, descriptive, and observa-
tional studies conducted globally were included. Further-
more, non-observational studies which contained the 
data of our primary outcome were included. The search 
syntax contained variations of keywords related to [1] 
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TS, and [2] OD. Supplementary Materials 1 provides a 
comprehensive description of the keywords and filters 
utilized in each database. Additionally, a precise cita-
tion screening was executed on the reference lists of the 
included studies to identify further relevant articles.

Inclusion and exclusion criteria
All peer-reviewed articles were considered if they 
explored the live birth rate among women with all varia-
tions of TS at any age, who underwent at least one IVF 
using OD for fertility purposes.

The exclusion criteria were defined as follows: (1) 
records that did not assess our primary outcome or 
lacked essential information; (2) animal studies; and (3) 
review articles, case reports, case series, brief reports, 
meeting abstracts, book chapters, letters, editorials, com-
mentaries, correspondence, and study protocols.

Study selection
Two independent reviewers (ZS, TSSS) screened the 
identified studies based on title and abstract. Full-text 
assessments were performed to ensure the inclusion 
of relevant data. Any discrepancies in selection were 
resolved through discussion or consultation with a third 
reviewer (PR).

Data collection
Two individual reviewers performed data extraction 
independently (SK, PR). Any disagreement was resolved 
through discussion with a third reviewer (MP) and dou-
ble-checking the extracted data. Data from each included 
article were systematically compiled across three key 
categories: general information (first author, publica-
tion year, country of origin, and study design), ART out-
comes (women with TS who underwent IVF using OD, 
TS karyotypes, mean age, number of ET cycles, number 
of transferred embryos, clinical pregnancy achievement, 
live births, and ongoing pregnancies), and pregnancy-
induced hypertensive complications.

Quality assessment
Two researchers (SK, PR) evaluated the methodological 
quality of each included study through a 10-questionary 
checklist developed by Hoy et al. [30]. This checklist was 
built to assess the risk of bias in studies measuring preva-
lence. The checklist comprises four inquiries concern-
ing the external validity (e.g., sampling frame or random 
selection) and six inquiries concerning the internal valid-
ity (e.g., data collection or case definition) of the included 
studies. Each question has two standard answer options: 
Yes (low risk) or No (high risk). Subsequently, the studies 
will be divided into three levels of bias: (1) low risk of bias 
(2), moderate risk of bias (3), high risk of bias [30].

Meta-analysis
The data extracted from the included studies was trans-
ferred from a Microsoft Excel spreadsheet to the STATA 
version 18.0 statistical software (StataCorp LP, 4905 
Lakeway Drive, College Station, TX 7854, USA) meta-
analysis, which was conducted for four distinct purposes. 
Firstly, the meta-analysis explored the live birth rate per 
patient receiving OD (cumulative live birth rate). Sec-
ondly, it examined the live birth rate per ET cycle. Then, a 
meta-analysis was conducted to estimate the pooled clin-
ical pregnancy rate per ET cycle. Lastly, a meta-analysis 
was performed to calculate the pooled hypertensive dis-
order occurrence rate per clinical pregnancy.

Each analysis presented the effect size as a proportion 
(and percentage), along with a 95% Confidence Interval 
(CI) around the summary estimate. To evaluate signifi-
cant heterogeneity between studies, the Cochrane Q and 
I² statistics were employed. An I² value exceeding 50% 
was considered indicative of substantial heterogeneity 
among the studies. The existence of heterogeneity was 
graphically represented through a forest plot. Addition-
ally, a Galbraith plot was generated to depict the presence 
or absence of each study within the 95% CI, indicating 
significant deviations from the majority of the analyzed 
studies. Pooled prevalences were estimated using a ran-
dom-effect model with the restricted maximum likeli-
hood method. Additionally, a sensitivity analysis was 
performed using a leave-one-out meta-analysis approach 
to assess the individual impact of each included study. 
Furthermore, when possible, we conducted two subgroup 
analyses for each meta-analysis for two separate groups 
of patients with monosomy (45, X) and mosaic TS karyo-
types to examine the study outcomes in each group.

To examine potential publication bias across the ana-
lyzed studies after each meta-analysis, we utilized two 
objective methods: the nonparametric rank correlation 
(Begg) test [31] and the regression-based Egger test for 
small study effects [32]. A p-value below 0.05 was con-
sidered suggestive of potential publication bias. In cases 
where publication bias was identified, the nonparametric 
trim-and-fill method developed by Duval and Tweedie 
was planned to be applied [33]. Furthermore, in analyses 
that included more than 10 studies, we illustrated funnel 
plots to subjectively examine and illustrate the asymme-
try of the analyzed studies [34].

Results
Search results
A comprehensive search of electronic databases iden-
tified 842 records. Following the elimination of 361 
duplicated records, 481 unique records remained. Upon 
screening the titles and abstracts of these records, 413 
were excluded, leaving 68 articles for thorough full-text 
screening. Subsequently, 14 articles met the inclusion 
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criteria and were included in the meta-analysis [35–48]. 
Furthermore, manual screening of the reference lists of 
the included studies revealed no more eligible articles. 
The screening process is visually represented in the 
PRISMA 2020 flow chart, depicted in Fig. 1.

Study characteristics
The 14 included studies encompassed a total sample size 
of 417 women with TS who underwent IVF using OD. 
The sample size of these articles varied between 5 partici-
pants and 144 participants. These studies were conducted 
across diverse geographical regions and were published 
from 1990 to 2020. All of the included studies were pub-
lished in English full-text. Except for one prospective 
clinical trial [46] and one prospective cohort study [44], 
all of the other 12 studies had a retrospective cohort 
design. Moreover, 3 studies were exclusively conducted 
on patients with a monosomy TS karyotype [35, 36, 39], 
1 study only included patients with mosaic TS karyo-
types [46], and 8 studies were conducted on combined 
populations of patients with monosomy and mosaic TS 
karyotypes [37, 38, 42–45, 47, 48]. However, 2 studies did 
not specify the karyotypes of their populations [40, 41]. 
Detailed characteristics of the included studies are pro-
vided in Table 1.

Quality assessment
Upon our examination, 5 studies were classified with an 
overall “moderate risk of bias” [35–37, 41, 48], while the 
remaining 9 studies were designated as having an overall 
“low risk of bias” [38–40, 42–47] (Table 1). Three inqui-
ries examining the external validity of the included stud-
ies were consistently identified as the primary reasons for 
the elevated risk of bias. These inquiries specifically eval-
uate the target population of the studies, the sampling 
frame employed, and the methodology of case selection.

Meta-analysis
Live birth rate per patient (cumulative live birth rate)
A prevalence meta-analysis was performed on the pooled 
data from 14 studies encompassing a total of 417 patients 
[35–48]. The analysis revealed that the heterogeneity 
among the studies was considerable, as demonstrated by 
an I2 value of 74.43%. Employing a random-effect model, 
the estimated pooled live birth rate for each woman 
undergoing OD was 40% (95% CI: 29-51%). The Galbraith 
plot further illustrated that 3 studies fell outside the 95% 
CI range. The leave-one-out sensitivity analysis demon-
strated that omitting each study resulted in pooled live 
birth rates per patient ranging from 39 to 45%, consis-
tently falling within the initial estimated 95% CI, which 
highlights the robustness of our findings (Fig. 2).

Fig. 1 The PRISMA 2020 flow diagram for the study screening process
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Fig. 2 Findings of the meta-analysis of 14 studies for estimating the pooled live birth rate per patient undergoing OD: (a) Forrest plot, (b) Galbraith plot, 
(c) Funnel plot, and (d) Leave-one-out sensitivity analysis
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Additionally, we conducted two separate subgroup 
analyses to calculate the pooled live birth rates per 
patient for both monosomy and mosaic TS karyotypes. 
Our findings indicated that the pooled live birth rate for 
the monosomy TS karyotype group was 31% (95% CI: 
15-50%) based on data from five studies. In contrast, the 
pooled live birth rate for the mosaic TS karyotype group, 
derived from three studies, was estimated at 48% (95% 
CI: 31-66%). The forest plots of the subgroup analyses are 
provided in Supplementary Materials 2.

Regarding the assessment of publication bias, we calcu-
lated p-values of 0.900 and 0.868 for Egger’s and Begg’s 
tests, respectively, indicating no potential publication 
bias among the analyzed studies. The funnel plot is pre-
sented in Fig. 2.

Live birth rate per ET cycles
Pooling data from 13 studies [35–40, 42–48] with a total 
of 273 patients, the meta-analysis revealed very low het-
erogeneity among the included studies, evidenced by 
an I² value of 0%. Utilizing a random-effects model, the 
overall live birth rate per embryo transfer cycle was esti-
mated at 17% (95% CI: 13-20%). Notably, the Galbraith 
plot indicated that two studies fell outside the 95% confi-
dence interval range. Additionally, the leave-one-out sen-
sitivity analysis yielded pooled live birth rates per embryo 
transfer cycle ranging from 16 to 18%, all of which fell 
within the initial estimated 95% CI, underscoring the 
consistency of our findings (Fig. 3).

Furthermore, we conducted two separate subgroup 
analyses to calculate the pooled live birth rates per 
embryo transfer cycle for both monosomy and mosaic TS 
karyotypes. Our results showed that the pooled live birth 
rate for the monosomy TS karyotype group was 15% 
(95% CI: 4-30%) based on data from five studies. In con-
trast, the pooled live birth rate for the mosaic TS karyo-
type group, derived from three studies, was estimated at 
24% (95% CI: 12-37%). The forest plots for the subgroup 
analyses are provided in Supplementary Materials 2.

Regarding the assessment of publication bias, we calcu-
lated p-values of 0.103 and 0.160 for Egger’s and Begg’s 
tests, respectively, demonstrating no potential publica-
tion bias among the analyzed studies. The funnel plot is 
provided in Fig. 3.

Clinical pregnancy rate per ET cycles
After pooling data from 12 studies [35–40, 42–47] involv-
ing a total of 259 patients, the random-effects model 
indicated relatively low heterogeneity among the ana-
lyzed studies, as evidenced by an I² value of 33.64%. Our 
meta-analysis revealed a pooled clinical pregnancy rate 
per ET cycle of 31% (95% CI: 25-36%). Additionally, none 
of the 12 studies fell outside the 95% confidence interval 
range in the Galbraith plot. The leave-one-out sensitivity 

analysis produced consistent findings, with clinical preg-
nancy rates per ET cycle ranging from 29 to 32% (Fig. 4).

Further subgroup analyses demonstrated a pooled clin-
ical pregnancy rate of 30% (95% CI: 20-41%) for patients 
with monosomy TS, based on data from five studies, and 
a pooled rate of 37% (95% CI: 24-51%) for patients with 
mosaic TS, derived from four studies. The forest plots for 
these subgroup analyses are provided in Supplementary 
Materials 2.

Our assessment of publication bias yielded p-values of 
0.240 and 0.537 for Egger’s and Begg’s tests, respectively, 
indicating no potential publication bias among the ana-
lyzed studies. The funnel plot is presented in Fig. 4.

Pregnancy-induced hypertensive disorder rate per clinical 
pregnancy
A prevalence meta-analysis was performed on the pooled 
data from 8 studies [35, 40–45, 47] involving a total of 
202 patients. The analysis revealed an I² value of 83.28%, 
indicating significant heterogeneity among the studies. 
Using a random-effects model, the estimated pooled rate 
of hypertensive disorders per confirmed clinical preg-
nancy was 12% (95% CI: 1-31%). In the Galbraith plot, 
4 studies fell outside the 95% confidence interval, fur-
ther demonstrating the high heterogeneity present. The 
leave-one-out sensitivity analysis produced a pooled rate 
of hypertensive disorders per clinical pregnancy ranging 
from 8 to 14%, all of which fell within the initially calcu-
lated 95% CI, suggesting the consistency of the findings 
despite the observed heterogeneity (Fig. 5).

Due to the limited number of studies, subgroup analy-
sis for monosomy and mosaic TS karyotypes was not 
feasible.

Our assessment of publication bias yielded p-values of 
0.963 and 0.901 for Egger’s and Begg’s tests, respectively, 
indicating no potential publication bias among the ana-
lyzed studies. A funnel plot was not included because the 
number of studies was less than 10.

Discussion
In this study, we identified a live birth rate per ET of 17% 
for OD in patients with TS, which increased to 40% when 
assessing the live birth rate per patient receiving OD 
(cumulative live birth rate). Considering that fewer than 
10% of patients with TS can achieve spontaneous preg-
nancy [49], OD significantly enhances the fertility poten-
tial for these patients. However, our results highlight 
the necessity for further research to determine optimal 
approaches to improve pregnancy and live birth rates fol-
lowing OD in TS patients. Nonetheless, our findings sug-
gest that OD can be a relatively effective method of ART 
for TS patients seeking to experience motherhood.

Infertility has always been one of the greatest obsta-
cles faced by women with TS [13]. Since spontaneous 
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Fig. 3 Findings of the meta-analysis of 13 studies for estimating the pooled live birth rate per ET cycle undergoing OD: (a) Forrest plot, (b) Galbraith plot, 
(c) Funnel plot, and (d) Leave-one-out sensitivity analysis
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conception in TS patients is rare, alternative methods 
are essential to help these patients become parents [13]. 
Currently, ART methods such as IVF, OD, embryo dona-
tion, and insemination, as well as alternative options 

like fostering and adoption, are viable solutions [13]. 
Among these methods, OD has been and continues to 
be the most commonly used procedure for TS women 
[50]. Over the past three decades, OD has significantly 

Fig. 4 Findings of the meta-analysis of 12 studies for estimating the pooled clinical pregnancy rate per ET cycle undergoing OD: (a) Forrest plot, (b) 
Galbraith plot, (c) Funnel plot, and (d) Leave-one-out sensitivity analysis
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Fig. 5 Findings of the meta-analysis of 8 studies for estimating the pooled clinical pregnancy rate per ET cycle undergoing OD: (a) Forrest plot, (b) Gal-
braith plot, and (c) Leave-one-out sensitivity analysis
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advanced and is now the preferred ART method for infer-
tile women seeking to achieve motherhood [51]. OD is 
particularly beneficial for patients with complete primary 
ovarian insufficiency, especially those with TS [52]. How-
ever, societal beliefs can pose potential obstacles to OD 
[53]. For instance, in some Islamic societies, third-party 
reproduction may be considered forbidden under Islamic 
law [54]. Additionally, previous research suggested that 
OD may not be the most cost-effective ART method. 
For example, a study has shown that embryo donation is 
twice as cost-effective as OD following a single ET cycle 
[55]. This underscores that the current advancements are 
merely a starting point. Further research is imperative to 
enhance the outcomes of OD and to develop more opti-
mal treatment methods for women with TS.

In a study conducted by Bryman et al. in Sweden, 30 
women with TS became pregnant through OD [56]. The 
live birth rate among this cohort was 74%. Notably, the 
live birth percentage in the OD group was significantly 
higher than in the group of patients attempting spon-
taneous pregnancy, and combined groups of patients 
receiving IVF and insemination techniques [56]. While 
the live birth rates after OD in Bryman et al.‘s study were 
higher than those found in our meta-analysis, both sets 
of findings underscore the potential of OD as an effective 
fertility treatment for patients with TS [56].         

It is noteworthy that live birth rates following OD 
in patients with different TS karyotypes are generally 
lower compared to those with normal karyotypes. In 
our study, we found a live birth rate per ET cycle of 17%, 
whereas prior research in women with normal karyo-
types yielded a 53% live birth rate after the first ET cycle 
[57]. This discrepancy arises because the infertility issues 
in patients with TS extend beyond gonadogenesis failure. 
Patients with TS face several other challenges, includ-
ing a higher risk of chromosomal abnormalities in their 
fetuses, autoimmune disorders, and ovarian and uter-
ine insufficiencies, which can significantly increase the 
risk of early abortion and miscarriage in this population 
[12, 58]. The lower success rates of OD in patients with 
TS compared to those with normal karyotypes is a cru-
cial topic that should be included in the pretreatment 
counseling process to ensure patients are adequately 
informed. However, it is important to note that, similar 
to normal-karyotype patients, our analysis demonstrated 
that increasing the number of ET cycles significantly 
enhances live birth rates following OD in patients with 
TS [57]. Therefore, the application of different modifi-
cations, such as increasing the prescribed ET cycles and 
the number of transferred embryos in each cycle, could 
potentially further improve the pregnancy outcomes 
after OD in patients with TS.

In addition to our primary analyses, we conducted sub-
group analyses to assess live birth rates in patients with 

monosomy and mosaic TS karyotypes separately. Our 
findings indicate that both the live birth rate per patient 
(48% vs. 31%) and the live birth rate per ET cycle (24% 
vs. 15%) were significantly higher in patients with mosaic 
TS compared to those with monosomy TS. This aligns 
with previous research suggesting that mosaic karyo-
types are associated with less severe outcomes, including 
reproductive outcomes [58]. Therefore, it is imperative 
for reproductive physicians to counsel patients with TS 
regarding their karyotypes prior to administering ovarian 
stimulation or other assisted reproductive technologies.

Moreover, patients with TS are at an increased risk for 
various cardiovascular diseases, which can worsen dur-
ing pregnancy, including congenital cardiac defects and 
hypertensive disorders [26, 59, 60]. In this context, we 
conducted a meta-analysis to examine the incidence of 
pregnancy-induced hypertensive disorders following OD 
in patients with TS, finding a pooled occurrence rate of 
12% per clinical pregnancy. This rate is lower than pre-
viously reported occurrences of hypertensive disorders 
in spontaneous pregnancies of patients with TS [61]. 
Two primary factors may explain this discrepancy: (a) 
Most studies included in our analysis performed car-
diac assessments prior to OD and selected only patients 
without cardiac contraindications, likely reducing the 
estimated incidence of hypertensive disorders compared 
to those following spontaneous conception. (b) Due to 
varying data reporting methods, our analysis focused 
on the occurrence of hypertensive disorders per clinical 
pregnancy, primarily capturing data from the first trimes-
ter (6–8 weeks), whereas many hypertensive disorders 
arise after 20 weeks of gestation. Thus, further research 
is essential to assess the prevalence of hypertensive dis-
orders in ongoing pregnancies during the later stages of 
pregnancy in patients with TS, which we hypothesize 
may exceed 12%. Nonetheless, due to the significant bur-
den of cardiac disorders on both mothers and fetuses in 
patients with TS, it is essential for reproductive physi-
cians to conduct thorough cardiac assessments before 
administering OD and to select only those patients with-
out contraindications for pregnancy [58].

This study presents several notable strengths. First, all 
phases of the research, including the literature search, 
data extraction, and quality assessment, were conducted 
by two reviewers, minimizing the potential for reviewer 
bias. Second, we adhered to the PRISMA 2020 guide-
lines to enhance the reliability and validity of our results. 
Third, our literature search was rigorous and compre-
hensive, encompassing all relevant articles on the sub-
ject. Finally, we assessed publication bias using p-values 
obtained from Begg’s and Egger’s tests across all analysis 
groups, which indicated no evidence of publication bias 
among the included studies.
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Nonetheless, there are certain limitations to this study. 
Primarily, the small sample sizes in most reviewed stud-
ies restrict the generalizability of our findings. Therefore, 
future investigations should aim to include larger and 
more representative populations of individuals with TS to 
yield more conclusive results regarding ART outcomes. 
Additionally, a significant proportion of the included 
studies utilized retrospective designs, which further lim-
its the generalizability of their findings and highlights 
the need for additional research in this area. Also, many 
studies predate 2000, which may affect the accuracy of 
this review’s cumulative findings due to advancements in 
ART techniques. Lastly, it is important to note that most 
included studies did assess the potential effects of various 
confounding factors on the outcomes of OD. These fac-
tors may include the age of the donor and recipient of the 
oocytes, the number of transferred embryos per cycle, 
and embryo quality. Variations in these variables can 
significantly impact outcomes for patients undergoing 
OD, regardless of whether they have TS [62]. Therefore, 
it is imperative for future research to utilize larger sample 
sizes and longitudinal designs, adjusting analyses for the 
influence of these confounding factors to produce more 
generalizable findings in this field.

Conclusions
This systematic review and meta-analysis revealed a 
pooled live birth rate of 40% per patient and 17% per 
ET cycle in patients with TS undergoing ovarian stimu-
lation for fertility purposes. Given that fewer than 10% 
of patients typically achieve spontaneous pregnancies, 
these rates are promising for those seeking to experi-
ence pregnancy and motherhood. However, as emerging 
ART methods offer new family planning options for TS 
patients, further investigation is necessary to explore not 
only the preferred techniques but also the psychological, 
ethical, and societal implications of these complex proce-
dures for this vulnerable population. Therefore, there is a 
critical need for further research that utilizes larger sam-
ple sizes and longitudinal designs to evaluate the various 
outcomes of OD for fertility in patients with TS.
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