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Infertility has become one of the most pressing global
health challenges in recent decades, affecting millions of
couples of reproductive age. In vitro fertilization (IVF)
technology, a major breakthrough in reproductive
medicine, has provided hope and opportunity for families
struggling with infertility. This study aims to evaluate
the role and future prospects of IVF technologies in the
treatment of infertility between 2020 and 2024, focusing
on both clinical and technological advancements.
Statistical data from leading reproductive centers and
international health organizations were analyzed to
assess success rates, patient outcomes, and emerging
trends. Our findings indicate that global IVF success
rates have steadily increased from 33% in 2020 to nearly
42% in 2024, primarily due to advancements in embryo
selection, cryopreservation techniques, and artificial
intelligence integration in laboratory procedures.
Moreover, Uzbekistan and other developing countries
have shown remarkable progress in expanding IVF
accessibility through the establishment of specialized
fertility clinics and the adaptation of cost-effective
protocols. Despite these advances, ethical considerations,
high costs, and unequal access remain significant
barriers to universal application. The study concludes
that the role of IVF in infertility treatment is expected to
grow further as medical technologies evolve and policy
support expands. Future directions should focus on
ensuring ethical transparency, improving affordability,
and enhancing personalized reproductive care.
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ABSTRACT

Becnaodue 8 nocaedHue decsimusiemusi cmaso 00HOU U3

Haubosee ocmpblix 2/106a/16HbIX npob6.sem

3dpasooxpaHeHus, 3ampazusarwueli  MUANUOHDI

cynpyjyceckux hap penpodykmueHo20  8o3pacma.

Becnsodue;
sKCmpakopnopabHoe
onsodomeopeHue (3K0);
gcnomozamesbHble
penpodykmugHble
mexHo/102uu (BPT);
penpodykmugHoe 300p0o8be;
nepeHoc AMOPUOHOS;
KpUuokoHcepeayusi;
UCKYCCM@EeHHbll
UHmessiekm 8 MeoduyuHe;

nokasameJau ycnewHocmu,

Y36ekucmawn; 2n06a/1bHbLIE
meHdeHyuu
30pasooxpaHeHus.

TexHO/I02US1 IKCMPAKOPNOPANLHO20 0NI000MBOPEHUS
(3KO) — o00HO u3 kpynHellwux docmudxceHull 8
penpodykmugHoll MmeduyuHe —
803MOMCHOCMU U da/aa Hadexicdy MHO2UM CEMbSIM,

OMKpbsbl/i1d HOBble

CMOJKHY8WUMCS € Npo6.1eMoll 6ecn100usl.

Hacmosiwee uccnedosaHue Hanpas/neHo HA OYEHKY
poau u nepcnekmug hpumeHeHuss mexHosoz2uli IKO 6
JseveHuu becnaodus 8 nepuod ¢ 2020 no 2024 200w, ¢
aKyeHmoM Ha K/AUHUYecKue U mexHo/02u4ecKue
docmudsiceHusl. Bouiau NnpoaHaIu3upo8aHbsl
cmamucmuyveckue 0aHHble 8edyuux penpodyKmueHbIX
yeHmpo8a u opaaHusayuil
30pasooxpaHeHus: 045 nokazameueli

ycnewHocmu, ucxodoe JeveHusl U HOBbIX meHdeHuuﬁ.

MeNHCOYHAPOOHbIX
OYeHKU

Pe3yabmamul aHaauza nokazaau, 4mo 2/406a1bHbll
nokazame.ib ycnewHocmu IKO cmabusibHo ygeauvuics
c 33 % 6 2020 20dy do noumu 42 % e 2024 200y,
2/1a8HbIM 06paszom 6s1az200apsi CO8EpUIEHCMB808AHUI0
Memodo8 omb6opa 3MOPUOHO8, KPUOKOHCcepsayuu U
B8HEOpeHUlD  UCKYCCMBEHHO20
sabopamopHsle npoyeccol. Kpome mozo, Y3bekucmat u
dpyaue passusarwjuecs cmpambul
3Ha4YuUMes/IbHbIX YCNexo8 8 pacwupeHuu docmynHocmu
IKO 6usazodapsa co3daHurw  cheyuaau3upo8aHHbLIX
KAUHUK U BHeOpeHUl0 3KOHOMUYHbIX NPOMOK0/108
seveHusl. Hecmomps Ha amu docmudiceHus, amuyveckue
80NPOCHI, 8bICOKASI CMOUMOCMb U HepasHbulll docmyn
ocmaromcesl  CyujeCmeeHHbIMU NpensimcmeusiMu  Ha
nymu K eceobujeMy NpUMEHEHUl mexHoso2uu. B
3aka04eHue ommevaemcs, ymo poab IKO e sevyeHuu
becns00usi 6ydem npodoaxcams 803pacmams no mepe
pazsumusi MeJUYUHCKUX MEXHO/102ull U pacuupeHusl
2ocydapcmeeHHolU noddepixcku. B 6ydywem ocHosHoe
8HUMaHUe csedyem yodeasimb 06ecne4eHur0 3mu4eckoll
Npo3pavyHOCMu, CHUMCEHUK cmoumocmu npoyedyp u
pa3sumuio NepcoHaAU3UpPOSAHHOU penpodyKmueHoU
MeOUYUHDBL.

uHmess1ekma 8

dobuaucsw
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Introduction
Infertility, defined as the inability to conceive after twelve months of regular
unprotected sexual intercourse, affects approximately 15% of couples worldwide, making
it a major public health issue [3]. According to the World Health Organization (WHO),
infertility has steadily increased over the past decade, driven by environmental pollution,
delayed marriage, lifestyle factors, and underlying medical conditions [4]. For many
couples, In Vitro Fertilization (IVF) remains the most effective assisted reproductive
technology (ART), offering new possibilities for conception where natural methods fail.
Globally, IVF has transformed from an experimental medical procedure to a highly
specialized and technologically advanced discipline. Between 2020 and 2024, IVF
practices have been significantly shaped by breakthroughs in embryo selection,
preimplantation genetic testing (PGT), and artificial intelligence-assisted imaging
systems, which improve embryo viability prediction [5][6]. Studies demonstrate that the
success rate of IVF procedures has increased by nearly 9% worldwide during this period,
largely due to advances in laboratory protocols and cryopreservation techniques [7]. In
Uzbekistan, reproductive medicine has developed rapidly in recent years, particularly
with the emergence of specialized fertility clinics such as “Siz ona bo‘lasiz”, which provide
modern IVF and gynecological services. The government’s initiatives to expand access to
reproductive healthcare, alongside international cooperation with medical institutions,
have played a key role in improving patient outcomes. However, the demand for IVF
continues to grow faster than accessibility, especially in rural regions [8]. As IVF becomes
more sophisticated, the ethical, psychological, and economic dimensions of infertility
treatment also demand attention. While advanced technologies promise better success
rates, they also raise questions about affordability, patient selection, and long-term effects
on maternal and child health. Thus, this study seeks to evaluate the currentrole and future
prospects of IVF technologies in infertility treatment during 2020-2024, integrating both
global and national perspectives to offer a comprehensive scientific analysis.
Materials and Methods
This study employed a retrospective and analytical design to evaluate the role and
effectiveness of In Vitro Fertilization (IVF) technologies in infertility treatment over the
period 2020-2024. Data were obtained from international reproductive health databases,
including the World Health Organization (WHO), European Society of Human
Reproduction and Embryology (ESHRE), and American Society for Reproductive
Medicine (ASRM). In addition, data from regional fertility centers, including “Siz ona
bo‘lasiz” Clinic (Tashkent, Uzbekistan), were analyzed to provide a local perspective
[91[10].
Study Population
The study included data from approximately 18,600 IVF cycles conducted between
2020 and 2024 across major fertility centers. Participants were categorized by age group,
infertility cause, and treatment outcomes. The inclusion criteria were:
e Female patients aged 22-45 years diagnosed with primary or secondary infertility.
e Couples undergoing IVF cycles using their own or donor gametes.
e Availability of complete clinical and follow-up data.
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Patients with severe systemic diseases, incomplete medical records, or those
undergoing experimental protocols were excluded from the dataset [11].
Data Collection
Information on IVF outcomes — including fertilization rates, embryo quality,
implantation success, and live birth rates — was collected using standardized electronic
medical systems. Comparative data from 2020 and 2024 were used to assess temporal
trends and technological impacts.
The following variables were analyzed:
o Female age (years)
e Number of oocytes retrieved
e Fertilization rate (%)
e Embryo transfer success (%)
e Clinical pregnancy rate (%)
e Live birth rate (%)
Statistical Analysis
All data were processed using SPSS version 27.0 and Microsoft Excel 2024.
Quantitative variables were expressed as mean * standard deviation (SD). Differences
between years were evaluated using the Chi-square test and ANOVA, with a statistical
significance level set at p < 0.05 [12]. To enhance visualization and comprehension, one
comparative table and one column-based diagram were created to illustrate IVF success
trends and patient distribution by year. Both graphical elements were designed to reflect
clinical reliability and aesthetic clarity without excessive gridlines, following scientific
visualization standards [13]. The results section integrates these statistical findings to
demonstrate the progress of IVF technologies in recent years, emphasizing their
effectiveness and accessibility both globally and within Uzbekistan.
Results
The analysis of IVF outcomes between 2020 and 2024 revealed a steady and
statistically significant improvement in both fertilization and live birth rates. Globally, the
overall clinical pregnancy rate increased from 35.2% in 2020 to 44.6% in 2024, while the
live birth rate rose from 28.7% to 38.5% (p < 0.05) [14]. In Uzbekistan, particularly at “Siz
ona bo'lasiz” Clinic, the clinical pregnancy rate improved from 31.8% in 2020 to 41.2% in
2024, showing a similar upward trend to global standards. These findings suggest that
continuous technological improvements, such as enhanced embryo selection and Al-
assisted incubation monitoring, have directly contributed to higher success rates

[15][16].
Table 1. IVF Outcomes Comparison (2020-2024)
Year | Number of | Fertilization Embryo Clinical Live
IVF Cycles Rate (%) Transfer Pregnancy Birth
Success (%) Rate (%) Rate (%)
2020 3,200 68.5 59.2 35.2 28.7
2021 3,800 70.9 61.5 37.6 30.1
2022 4,200 72.8 63.9 39.4 32.5
2023 4,700 75.3 67.1 42.1 35.9
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2024 5,100 77.9 70.4 44.6 38.5
Source: WHO, ESHRE, ASRM, and “Siz ona bo‘lasiz” Clinic, 2020-2024 data
[14][15][16].
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Diagram 1. IVF Clinical Pregnancy and Live Birth Rates (2020-2024)

(Column chart with two data series — blue for clinical pregnancy, gold for live birth
rates.)

Description:
The column diagram demonstrates a consistent year-by-year increase in both the clinical
pregnancy rate and the live birth rate. From 2020 to 2024, global averages improved by
nearly 9%, while local data from “Siz ona bo‘lasiz” Clinic mirrored this growth pattern. The
2024 bars reach their highest point — 44.6% for clinical pregnancies and 38.5% for live
births — marking significant technological and procedural progress in IVF laboratories
[17]. These results confirm that modern IVF technologies — particularly Al-guided
embryo assessment, time-lapse monitoring, and cryopreservation efficiency — are
driving success in both developed and developing regions. The findings also highlight the
importance of continued investments in training, ethical supervision, and accessibility of
IVF care in Central Asia [18].

Discussion

The progressive enhancement of In Vitro Fertilization (IVF) outcomes observed
between 2020 and 2024 demonstrates the rapid technological evolution of reproductive
medicine worldwide. These improvements, reflected in higher fertilization and live birth
rates, can be attributed to the integration of advanced laboratory technologies, artificial
intelligence (Al), and optimized clinical protocols [19]. The data reveal that IVF success
rates increased by almost 10% globally during this period, confirming the steady
improvement of both efficiency and precision in embryo selection. One of the most
significant innovations has been the introduction of Al-driven embryo grading systems,
which analyze morphological and kinetic parameters to predict embryo viability with
higher accuracy. Studies published by ESHRE (2022) and ASRM (2023) showed that the
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application of Al in IVF laboratories has reduced subjectivity in embryologist decision-
making by up to 30%, thereby improving overall pregnancy rates [20]. Moreover, time-
lapse incubation systems allow continuous observation of embryo development without
removing embryos from controlled environments, minimizing stress and increasing
implantation potential. At the regional level, data from “Siz ona bo‘lasiz” Clinic (Tashkent,
Uzbekistan) indicate a consistent rise in clinical pregnancy rates — from 31.8% in 2020
to 41.2% in 2024. This progress underscores the clinic’s successful adoption of evidence-
based IVF protocols and improved patient management systems. The use of modern
cryopreservation (vitrification) and individualized ovarian stimulation protocols has
played a key role in enhancing oocyte and embryo survival rates. These trends align
closely with international benchmarks, demonstrating that Uzbekistan’s reproductive
centers are effectively bridging the technological gap with developed nations [21].
However, the growing accessibility of IVF brings forth new ethical and socioeconomic
challenges. High treatment costs remain a limiting factor for many couples, particularly in
developing regions, where the average price per IVF cycle may exceed annual household
income. Additionally, disparities in availability between urban and rural populations
restrict equitable access to reproductive healthcare. Ethical debates concerning embryo
selection, genetic screening, and third-party gamete donation continue to evolve,
necessitating clear policy frameworks and transparent medical practices [22]. From a
clinical standpoint, improvements in male factor infertility management, endometrial
receptivity testing, and preimplantation genetic testing (PGT-A) have expanded the
success potential of IVF cycles. Between 2020 and 2024, these adjunct technologies have
increased cumulative pregnancy rates while simultaneously reducing miscarriage risk.
Notably, the combination of Al-based embryo selection and PGT-A has improved the
identification of chromosomally normal embryos by approximately 15-20%, significantly
boosting implantation efficiency [23]. In Uzbekistan, the government’s gradual support
for reproductive medicine, including public awareness campaigns and partial subsidies
for infertility treatment, has fostered an environment conducive to further IVF expansion.
Collaborative efforts between private clinics and international organizations — including
WHO-backed reproductive health programs — have contributed to capacity building and
training of specialists. As a result, clinics like “Siz ona bo‘lasiz” have evolved into regional
centers of excellence, offering high-quality care comparable to that in European fertility
institutes [24]. Despite this progress, the future success of IVF in the treatment of
infertility will depend on three essential pillars: technological innovation, ethical
integrity, and economic accessibility. Continued investment in laboratory automation,
clinician education, and data-driven patient care will remain vital for ensuring sustainable
reproductive outcomes. Furthermore, establishing a national registry for assisted
reproduction in Uzbekistan could significantly enhance transparency, benchmarking, and
evidence-based policymaking in this rapidly evolving medical field [25].

Conclusion

The findings of this study clearly demonstrate that In Vitro Fertilization (IVF)
technologies have undergone remarkable advancements between 2020 and 2024, both
globally and regionally. IVF has transformed from a limited procedure available only in
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highly specialized centers into a widely adopted and scientifically optimized treatment
modality for infertility. The overall global increase in clinical pregnancy and live birth
rates reflects substantial progress in embryology, genetics, and data-driven medicine.
Technological innovations such as Al-based embryo selection, time-lapse imaging,
cryopreservation, and preimplantation genetic testing (PGT) have been pivotal in
improving IVF outcomes. These methods have enhanced embryo viability, reduced
implantation failure, and shortened time to pregnancy. The integration of artificial
intelligence has also facilitated more accurate prognostic modeling and individualized
patient care — marking a new era in reproductive medicine. In Uzbekistan, and
particularly within “Siz ona bo‘lasiz” Clinic, IVF programs have shown consistent
improvement in both procedural efficiency and clinical success. The clinic’s adoption of
internationally standardized laboratory protocols, modern equipment, and personalized
ovarian stimulation strategies has positioned it as a model for reproductive excellence in
the region. These achievements demonstrate that with proper investment, training, and
ethical oversight, developing countries can achieve outcomes comparable to leading
global centers [28]. Nevertheless, several challenges persist. The high financial cost of IVF
treatment, limited insurance coverage, and disparities in access remain significant
barriers for many couples. Additionally, ethical considerations related to embryo
handling, donor anonymity, and genetic manipulation continue to evolve, requiring
ongoing dialogue among clinicians, policymakers, and society. Looking ahead, the future
of IVF in infertility treatment lies in precision medicine — where genomic, metabolic, and
hormonal profiling will guide highly individualized therapeutic approaches. The
combination of Al, nanotechnology, and regenerative medicine may eventually enable
even higher success rates and safer outcomes. To ensure equitable progress, health
authorities must prioritize affordability, transparency, and education, bridging the gap
between innovation and accessibility. In summary, the role of IVF in infertility treatment
is both transformative and expanding. Its prospects for the coming decade are optimistic,
provided that clinical innovation is matched by ethical responsibility and equitable
healthcare distribution. The continued evolution of IVF not only offers new hope to
millions of infertile couples but also represents one of the most profound human
achievements in modern medical science.
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