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Summary

Introduction. This study analyzed the factors influencing the
outcome of assisted reproductive technology (ART) in women
with infertility issues. The investigation focused on endometri-
al thickness, the number of retrieved oocytes, and the number
of obtained embryos as potential predictors of ART success.

Method. A health-epidemiological questionnaire of general
data was created for the purposes of this study. Various sta-
tistical methods were applied for data analysis. Descriptive
statistical parameters for the observed parameters were pre-
sented, including the arithmetic mean (M), standard deviation
(SD), skewness (Sk), and kurtosis (Ku), to examine deviations
from the normal distribution. Multiple regression analysis was
applied to investigate the relationships of the independent
variables with the dependent variable.

Results. The study included 100 women of reproductive age.
Endometrial thickness was not a significant predictor of ART
outcome. Conversely, the number of retrieved oocytes and
the number of obtained embryos were identified as signifi-
cant predictors of ART success. Participants with positive ART
outcomes demonstrated a lower number of retrieved oocytes
but a higher number of obtained embryos.

Conclusion. These findings highlight the importance of em-
bryo quality in the implantation process. Further research is
needed to better understand this dynamic and to improve in-
fertility treatments.
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Introduction

The synchronization between embryonic development and endometrial receptivity consti-
tutes a fundamental determinant of successful medically assisted reproduction [1]. During
this process, the endometrium undergoes complex biochemical and morphological changes,
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thereby establishing an optimal microenvi-
ronment for potential embryo implantation.
This critical interval is commonly referred to
as the window of implantation.

Since the introduction of controlled ovar-
ian hyperstimulation protocols in assisted
reproductive technologies, continuous refine-
ments have been undertaken to prevent pre-
mature luteinization and to enhance treatment
outcomes. Nevertheless, despite these advanc-
es, the overall success rate of assisted repro-
ductive procedures remains limited, with live
birth rates estimated at approximately 25%.

In the majority of cases, implantation fail-
ure in infertile women results from inadequate
endometrial receptivity. Only in approximate-
ly one-third of these cases implantation failure
is attributable to poor embryo quality. Inter-
estingly, despite these observations, controlled
ovarian hyperstimulation has predominantly
been directed toward improving oocyte and
embryo quality, while the potential detrimen-
tal impact of high hormonal doses on the en-
dometrium is often overlooked.

Controlled ovarian hyperstimulation rep-
resents a pivotal component of assisted repro-
ductive procedures, shifting clinical practice
from natural monofollicular cycles to multi-
follicular stimulated cycles. Within this pro-
cess, the ovarian response to hormonal stim-
ulation emerges as a critical determinant and
is influenced by both age and ovarian reserve.
Although numerous studies have been pub-
lished addressing the number of retrieved oo-
cytes and the outcomes of assisted reproduc-
tion, the results remain frequently inconsistent
and controversial [2-7].

Some researchers suggest that a higher
number of retrieved oocytes may increase the
likelihood of successful conception [3, 4], while
others propose that mild ovarian stimulation
with fewer retrieved oocytes could optimize im-
plantation rates [6]. Nevertheless, paradoxical
situations are frequently encountered, in which
a large number of oocytes obtained during con-
trolled ovarian hyperstimulation may result in
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lower fertilization rates due to an increased pro-
portion of immature oocytes. This paradox may
be explained by previous research indicating
cytoplasmic immaturity of oocytes [8].

In natural reproductive processes, oocyte
maturation is the outcome of a finely tuned and
time-dependent selection. However, standard
controlled ovarian hyperstimulation protocols
may override this natural selection, leading to
the maturation of oocytes with compromised
quality. Such oocytes can significantly con-
tribute to the failure of assisted reproductive
procedures, as they may interfere with embryo
development and induce other adverse effects
[9]. The quality of oocytes is determined not
only by the nuclear and mitochondrial genome
but also by the ovarian microenvironment and
the preovulatory follicle, both of which may
substantially influence transcriptional and
translational processes. Within this complex
framework, it is unlikely that any single factor
or characteristic can adequately predict the de-
velopmental competence of oocytes.

Oocyte maturity plays a pivotal role in
achieving successful fertilization, embryo de-
velopment, and pregnancy. Attaining adequate
oocyte maturity and the biosynthesis of appro-
priate estradiol levels requires precise actions of
luteinizing and follicle-stimulating hormones
on the theca and granulosa cells. By improv-
ing oocyte utilization, the need for stimulation
aimed at retrieving larger numbers of oocytes
may be reduced. However, the challenge lies in
determining the optimal gonadotropin dosage
and in the efficient use of retrieved oocytes, giv-
en that not every oocyte is capable of develop-
ing into a high-quality embryo.

The objective of this study was to investi-
gate potential factors influencing the outcomes
of assisted reproductive technology (ART) in
women of reproductive age with infertility.
Specifically, the study examined the relation-
ship between endometrial thickness, the num-
ber of retrieved oocytes, and embryos with ART
outcomes. Furthermore, it analyzed how these
factors interact in determining the success of
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ART. Understanding these associations has the
potential to improve the management of infer-
tility treatments and enhance pregnancy rates
in patients undergoing ART procedures.

Methods

Sample Description

This prospective cohort study included a con-
venience sample of 100 women of reproduc-
tive age with infertility. The participants’” ages
ranged from 23 to 40 years, with a mean age
of 32.09 years (standard deviation [SD] = 4.18).
Of the total sample, 86 women were married,
while 14 were living in a common-law part-
nership. Regarding educational attainment,
one participant had completed primary school,
three vocational school, 50 secondary school,
and 44 had higher education or a university de-
gree. In terms of employment, 73 participants
were employed, while 27 were unemployed.
Concerning blood groups, 43 participants had
blood group A, 11 AB, 18 B, and 28 O.

Data Collection

Data were collected at the Clinic for Gynecol-
ogy, Infertility Treatment, and In Vitro Fertil-
ization Medico-S in Banja Luka. The study was
conducted with prior approval from the Ethics
Committee, and all participants provided writ-
ten informed consent after being fully informed
about the purpose and procedures of the study.
Participants were also assured of the confiden-
tial and voluntary nature of their involvement.

Questionnaire and variables

For the purposes of this study, a health-epide-
miological questionnaire was designed to col-
lect general demographic and medical infor-
mation, including age, marital status, education
level, employment status, past medical history,
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tobacco use, physical activity, and other rele-
vant data.

Stimulation protocol

All participants underwent stimulation with
a short protocol, whereby gonadotropin ad-
ministration began on day 2 of the menstrual
cycle, and a GnRH antagonist was introduced
between days 6 and 9.

Parameter measurement

During the study, several parameters related
to the outcome of ovarian hormonal stimula-
tion were measured, including endometrial
thickness, follicular growth, the number of
retrieved oocytes, the number of mature oo-
cytes, and the number of embryos obtained.

Statistical analysis

Data were analyzed using descriptive and
inferential statistical methods. Descriptive
statistics included the calculation of mean
(M), standard deviation (SD), skewness (Sk),
and kurtosis (K) to assess normality of data
distribution. Skewness values close to zero
indicated symmetry, while positive kurto-
sis values suggested elongated (leptokurtic)
distributions.

To examine associations between continu-
ous and categorical variables, several statistical
tests were applied:

* Simple linear regression was used to
test the hypothesis that greater endo-
metrial thickness might be associated
with a higher likelihood of a positive
ART outcome,

¢ Independent samples t-test was con-
ducted to compare endometrial thick-
ness between women who achieved
pregnancy and those who did not,
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¢ Point-biserial correlation analysis as-
sessed the relationship between ART
outcome (binary variable) and quantita-
tive parameters — number of retrieved
oocytes, mature oocytes, and embryos,

* Multiple linear regression analysis was

performed to determine whether the
number of retrieved oocytes, mature
oocytes, and embryos could jointly pre-
dict ART outcomes.

A p-value < 0.05 was considered statisti-
cally significant. All statistical analyses were
performed using IBM SPSS Statistics software
(IBM Corp., Armonk, NY, USA).

Results

Descriptive Analysis and Endometrial
Thickness

Descriptive statistics for the measured pa-
rameters - endometrial thickness, number of
retrieved oocytes, number of mature oocytes,
and number of embryos - are detailed in Ta-
ble 1. Endometrial thickness ranged from 5.60
to 17.00 mm, with a mean value of 10.55 mm
1.96 mm. The mean number of retrieved oo-
cytes was 9.72 mm 5.89.

The independent samples t-test (Table 2)
comparing endometrial thickness between
groups revealed no statistically significant dif-
ference in endometrial thickness between par-
ticipants who achieved pregnancy (Positive
outcome: M = 10.79 mm 2.16 mm) and those

who did not (Negative outcome: M =10.51 mm
1.87 mm; t = -0.69, df = 98, p = 0.492). Conse-
quently, endometrial thickness was not a signif-
icant prognostic factor for ART success in this
study.

Table 2. T-test of endometrial thickness by ART
outcome

Outcome M SD t df p
Negative 10.51 1.87  -069 98  0.492
Positive 10.79 2.16

Predictive Analysis of Oocyte and Embryo Parameters

Point-biserial correlation analysis (Table 3)
showed that, individually, none of the quanti-
tative parameters were significantly correlated
with the binary ART outcome (p > 0.05).

A multiple linear regression model was
performed to determine the joint predictive
power of the number of retrieved oocytes, ma-
ture oocytes, and embryos on ART outcome.
The results (Table 4) indicate that these three
variables collectively constituted a statistically
significant set of predictors of ART outcome (R
= 0.285; F(3, 95) = 2.840; p = 0.042), explaining
8.2\ % of the total variance (R"2 = 0.082).

Examination of the individual regression
coefficients (Table 5) confirmed that the num-
ber of retrieved oocytes (beta=-0.333, p =0.027)
and the number of embryos (beta = 0.387, p =
0.026) were statistically significant predictors.
This finding suggests that participants with a
positive ART outcome tended to have a low-
er number of retrieved oocytes but a higher
number of obtained embryos. The number of

Table 1. Descriptive statistics of endometrial thickness, number of retrieved oocytes, and number of

embryos
Parameter Minimum Maximum M SD Sk K
Endometrial thickness (mm) 5.60 17.00 10.55 1.96 -0.04 1.78
Number of retrieved oocytes 1.0 35.0 9.72 5.89 1.51 3.53
Number of mature oocytes 0.0 25.0 7.59 4.46 1.19 2.51
Number of embryos 1.0 19.0 5.47 3.33 1.35 2.22
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Table 3. Point-biserial correlations between ART outcome and number of retrieved oocytes, mature

oocytes, and embryos

Variable ART outcome Retrieved oocytes Mature oocytes Embryos
Retrieved oocytes -119 1

Mature oocytes -.002 7425 1

Embryos .096 6747 811% 1

**correlation significant at p <0.01

mature oocytes was not a significant predictor
in the final regression model (beta =-0.083, p =
0.659).

Table 4. Multiple regression parameters

R R? F dfl  df2 p
0.285 0.082 2.840 3 95 0.042
Table 5. Regression coefficients
Predictor B p
Retrieved oocytes -0.333 0.027
Mature oocytes -0.083 0.659
Embryos 0.387 0.026

These analyses and results demonstrate a
significant relationship between the number of
retrieved oocytes and embryos with ART out-
come, whereas no association was observed
between endometrial thickness or the number
of mature oocytes and ART outcome.

Discussion

The primary objective of this study was to
evaluate the predictive capacity of endome-
trial thickness, retrieved oocyte count, and
embryo count on ART outcomes. Our find-
ings offer important clinical insights into the
relative influence of these parameters on im-
plantation success.
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Endometrial Thickness and Receptivity

In alignment with previous work [12, 13],
our study found no statistically significant
correlation between endometrial thickness
and the likelihood of a positive ART outcome
(Table 2). Although endometrial thickness is
routinely used as an indicator of uterine re-
ceptivity, our results support the growing
body of literature [6, 7] suggesting that recep-
tivity is a far more complex, multi-dimension-
al trait influenced by various hormonal and
biochemical factors [10, 11] rather than a sin-
gle morphological measurement. This finding
challenges the general assumption that great-
er endometrial thickness necessarily ensures
a higher pregnancy rate, despite some studies
reporting such an association [14-17].

Owvarian Response and Embryo

Quality

In contrast, the multiple regression analysis
identified the number of retrieved oocytes
and the number of obtained embryos as sta-
tistically significant predictors of ART success
(Table 5). The findings presented a particular-
ly complex relationship: success was associat-
ed with a lower number of retrieved oocytes,
but a higher number of resulting embryos.
The negative correlation with the number
of retrieved oocytes (beta = -0.333) supports
the hypothesis that very intensive controlled
ovarian hyperstimulation may compromise
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oocyte quality [20], potentially leading to a
higher proportion of immature oocytes [8] or
aneuploidy [15]. This is consistent with studies
advocating for milder ovarian stimulation pro-
tocols to optimize implantation rates [6, 14].

Conversely, the strong positive association
with the number of obtained embryos (beta =
0.387) decisively highlights the pivotal role of
embryo quality, developmental competence,
and selection in achieving implantation. The
high yield of embryos relative to retrieved oo-
cytes suggests that effective selection criteria
or inherently better oocyte quality among this
successful group mitigated the need for high
oocyte numbers. These dynamics underscore
that the transition from retrieved oocyte to
viable embryo is the critical checkpoint in the
ART process.

Limitations and Future Directions

A limitation of this study is the relatively low
percentage of variance explained by the mod-
el (R"2 =0.082), suggesting that other unmea-
sured factors (e.g., specific molecular markers
of endometrial receptivity, sperm quality,
or genetic factors) significantly contribute to

Funding source. The authors received no specific fund-
ing for this work.

Ethical approval. The Ethics Committee of the Clinic for
Gynecology, Infertility Treatment, and In Vitro Fertiliza-
tion Medico-S, Banja Luka, Republic of Srpska, Bosnia
and Herzegovina, approved the study and informed
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ART outcomes. Further research should fo-
cus on clarifying the optimal balance between
ovarian stimulation intensity and oocyte de-
velopmental competence to personalize treat-
ment protocols.

Conclusion

This study examined factors influencing as-
sisted reproductive technology (ART) out-
comes in infertile women of reproductive age.
Among the analyzed parameters, the number
of retrieved oocytes and embryos were iden-
tified as significant predictors of ART suc-
cess, while endometrial thickness showed no
statistically significant impact. These results
highlight that embryo quality is more critical
than the number of oocytes retrieved.

Further studies are needed to clarify the
complex interactions among ovarian response,
patient characteristics, and implantation po-
tential, aiming to optimize individualized
infertility treatments and to improve ART
success rates. The authors thank all partici-
pants and the Clinic for Gynecology, Infertility
Treatment, and In Vitro Fertilization Medico-S
in Banja Luka for their valuable support.

consent was obtained from all individual respondents.
The research was conducted according to the Declara-
tion of Helsinki.
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Povezanost parametara hormonske hiperstimulacije jajnika sa ishodima
asistirane reproduktivne tehnologije kod neplodnih zena

Daniela Telebak’, Porde Cekrlija2, Milena Todorovi¢', Slobodan Stani¢’,
Dalibor Mihajlovi¢?

Visoka medicinska Skola zdravstva Doboj, Studijski program Zdravstvena njega, Doboj,
Republika Srpska, Bosna i Hercegovina

2Univerzitet u Banjoj Luci, Filozofski fakultet, Katedra za psihologiju, Banja Luka, Republika Srpska,
Bosna i Hercegovina

3Univerzitet u Banjoj Luci, Medicinski fakultet, Katedra za urgentnu medicinu, Banja Luka,
Republika Srpska, Bosna i Hercegovina

Uvod. Ova studija analizirala je faktore koji uticu na ishod biomedicinski potpomognute oplodnje
(BPO) kod Zena sa problemom infertiliteta. Istrazivanje se fokusiralo na debljinu endometrijuma, broj
dobijenih jajnih ¢elija i broj dobijenih embriona kao potencijalne prediktore uspjeha BPO.

Metod. Za potrebe ove studije kreiran je zdravstveno-epidemioloski upitnik opstih podataka. Za
analizu podataka primijenjene su razlicite statisticke metode. Prikazani su deskriptivni statisticki pa-
rametri za posmatrane varijable, ukljucujuci aritmeticku sredinu (M), standardnu devijaciju (SD), asi-
metri¢nost (Sk) i spljostenost (Ku) radi ispitivanja odstupanja od normalne distribucije. Primijenjena
je multipla regresiona analiza radi ispitivanja odnosa nezavisnih varijabli sa zavisnom varijablom.
Rezultati. Studija je obuhvatila 100 Zena reproduktivne dobi. Debljina endometrijuma nije bila zna-
¢ajan prediktor ishoda BPO. Nasuprot tome, broj dobijenih jajnih ¢elija i broj dobijenih embriona
identifikovani su kao znacajni prediktori uspjeha BPO. U¢esnice sa pozitivnim ishodom BPO pokazale
su manji broj dobijenih jajnih ¢elija, ali veci broj dobijenih embriona.

Zakljucak. Ovi nalazi naglasavaju vaznost kvaliteta embriona u procesu implantacije. Potrebna su
dalja istrazivanja kako bi se ova dinamika bolje razumjela i unaprijedili tretmani neplodnosti.

Klju¢ne rijeci: biomedicinski potpomognuta oplodnja, infertilitet, debljina endometrijuma, broj do-
bijenih jajnih celija
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