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Objective

This study compares the effectiveness of hormone replacement therapy (HRT) and
natural cycle (NC) protocols in frozen embryo replacement (FER) cycles, focusing on
clinical pregnancy rates (CPR) and live birth rates (LBR) while accounting for age and
BMI variations.

Design

A single-centre, retrospective study analysing outcomes over a 12-month period in
patients undergoing FER treatment.

Setting
Fakih IVF Centre, Abu Dhabi, United Arab Emirates.

Patients

Data from 379 FET cycles were analysed, with 324 patients in the HRT group and 55 in
the NC group. Subgroups were stratified by age, BMI, and the number of embryos
transferred.

Results

CPR and LBR were comparable between HRT and NC protocols. Patients with BMI >30
showed higher CPR and LBR in the NC group compared to HRT, particularly in double
embryo transfers (71.43% vs. 51.28%). Age stratification revealed marginally higher CPR
for HRT in patients under 35 years, whereas NC slightly outperformed HRT in patients
over 35 years, though results were not statistically significant. BMI analysis demonstrated
significant differences, with HRT performing better in BMI 25-29.9 and NC being most
effective in BMI >30 (p = 0.042 for CPR).

Conclusions

Both HRT and NC protocols yielded similar overall outcomes, but personalized strategies
based on BMI and age may enhance treatment effectiveness. NC appears advantageous
for patients with higher BMI and those opting for double embryo transfer. Further
prospective studies are warranted to confirm these findings and optimize patient-specific
fertility strategies.

INTRODUCTION improvement in the success rates of fertility treatments.
Frozen-thawed embryo transfer (FET) has been widely used

Over the past forty years since its inception, advances in as-
sisted reproductive technology (ART) have led to a dramatic

in in vitro fertilization (IVF), due to its capacity to improve
fertility and pregnancy outcomes, prevent ovarian hyper-

stimulation syndrome, and enable single embryo transfer.!
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FET & blastocysts have been more frequently carried out
and have demonstrated to reduce the number of multiple
pregnancies while increasing the cumulative pregnancy
rates for individual patients.2 Fresh embryo transfer perfor-
mance has shown to decrease from 85.5% in 2010 to 79.8%
in 2011, whereas FET increased concurrently from 29.7% in
2010 to 31.3% in 2011.2 Frozen embryo transfer not only
enhances neonatal outcomes but also seems to reduce the
risk of an ectopic pregnancy.3

As assisted reproductive technologies have advanced
over the past four decades, fertility treatment success rates
have increased dramatically making it possible for IVF to
examine follicle growth, fertilization, and embryo devel-
opment more closely, although peri-implantation events
are still not widely available. Endometrial receptivity, often
known as the “window of implantation,” refers to the com-
plex and precise communication between the embryo and
endometrium that must be in complete synchronization
during a specific time frame for successful embryo implan-
tation.4 However, there are still unresolved issues about the
best way to prepare the endometrium.’

The endometrium must be prepared for the optimal im-
plantation for FET to function. The two most popular meth-
ods for endometrial preparation are the natural cycle (NC)
and hormone replacement therapy (HRT) cycles. To prepare
the endometrium and avoid excessive hormonal exposure
and the negative effects that come with it, a dominant fol-
licle that produces estradiol develops spontaneously in NC.

NC can be carried out as a genuine natural cycle or
with hCG-triggered ovulation, and it is particularly advan-
tageous for women who have regular menstrual cycles. On
the other hand, HRT uses exogenous progesterone and es-
trogen to prepare the endometrium, providing patients and
clinicians with logistical advantages like predictability and
flexibility.6

Although both NC and HRT are widely used across dif-
ferent IVF centres in the world, it is still unknown what
would be the best endometrial preparation method. Recent
systematic reviews and meta-analyses, including those by
Pan et al.” and Liu et al.,3 continue to highlight the lack
of definitive evidence favoring one endometrial preparation
method over another for FET cycles. Equally, pregnancy
outcomes using the two approaches have not been found
to differ significantly in systematic reviews or meta-analy-
ses.%10 However, because of the lack of the corpus luteum,
HRT cycles have been linked to an increased risk of ma-
ternal problems, including hypertensive disorders during
pregnancy.!l

There is also conflicting information about clinical out-
comes such as miscarriage rates and live birth rates (LBR)
between NC and HRT cycles. A large retrospective analysis
of 14421 cycles demonstrated significantly higher early
pregnancy loss rate with HRT cycle in comparison with NC
(36.5% vs 25.7% vs 23.6%, respectively, P < 0.005) whilst
the live birth rate was significantly lower for HRT compared
with NC.12 While some research indicates that HRT pro-
duces better results,!>!4 other research contradicts this
and claims that NC yields superior outcomes.!516

Few randomized controlled trials (RCTs) have been con-
ducted to address this problem; however, methodological
challenges and insufficient sample sizes have prevented de-
finitive results.!7-18 Given the conflicting findings and the
critical role endometrial preparation plays in FET success,
more research is required. This study aims to examine clin-
ical pregnancy and live birth rates (LBR) between NC and
HRT cycles while taking important demographic variables
like age and BMI into account. This retrospective study
aims to offer solid evidence for CPR & LBR to support clin-
ical judgement in endometrial preparation techniques by
concentrating on two primary protocols used in FET cycles
while considering several demographic variables, including
age and BMI, use of euploid, vitrified-warmed blastocyst
transfers.

MATERIALS AND METHODS

STUDY METHODOLOGY

This retrospective study was carried out over the course of
12 months duration, from January to December 2022 at the
Fakih Fertility Centre in Abu Dhabi, United Arab Emirates.
This investigation employed a retrospective design, allow-
ing us to analyze a substantial cohort of patients (n= 379)
who underwent frozen embryo transfers (FET) via either
Hormone Replacement Therapy (HRT) (n=324) and Natural
Cycle (NC) (n=55) protocols where euploid blastocyst were
included in the analysis.

The retrospective nature of the study provides several
advantages, including the ability to access existing data
from medical records, which facilitates the inclusion of a
larger and more diverse patient population within a shorter
timeframe compared to prospective studies. Furthermore,
retrospective studies enable the examination of real-world
clinical practices and outcomes, thereby enhancing the
generalizability of the findings.

However, it is important to acknowledge the limitations
inherent in this design. Retrospective studies are subject to
biases, such as selection bias and information bias, which
can arise from reliance on previously collected data that
may not have been initially intended for research purposes.
This retrospectively derived data may also face challenges
related to completeness and accuracy, impacting the relia-
bility of some outcomes. Nonetheless, by carefully select-
ing and reviewing cases and employing rigorous statistical
analyses, this study aims to mitigate these limitations and
yield valuable insights into the comparative effectiveness of
HRT and NC protocols in frozen embryo transfers.

Patients’ demographic criterion for inclusion and exclu-
sion:

Patients were considered eligible if they met the follow-
ing criteria: [1] women who had previous IVF cycles with
embryo cryopreservation, [2] 20-40 years of age, [3] first cy-
cle of FET, and [4] regular menstrual cycles (25-35 days).
The exclusion criteria were [1] endometriosis, [2] no preim-
plantation genetic testing cycles [3] uterine pathology, or
[5] cycles aborted because embryo thaw survival was unsuc-
cessful were the exclusion criteria.
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Table 1. Basic characteristics

Sample size 379

Age 33.71+5.63
BMI 27.37+5.22
AMH 4.44+4.19
Number of ET 1.23+0.42

DEFINITION OF CLINICAL OUTCOMES

For the clinical outcomes, we employed the 2017 consensus
definitions provided by the American Society for Reproduc-
tive Medicine (ASRM).19 A clinical pregnancy was defined
as one that was identified by clear clinical indications of
pregnancy or by the ultrasonographic visualization of one
or more gestational sacs. A delivery that occurs after 22
weeks but before 37 full weeks of gestation is considered
preterm. The number of gestational sacs seen divided by
the number of transplanted embryos was the definition of
the implantation rate. The delivery of at least one live in-
fant after 22 weeks of gestation was referred to as a live
birth. The term “live-birth rate” refers to the number of live
births (at least one per woman) following embryo transfer.

PARTICIPANTS

Women undergoing FET cycles were retrospectively ana-
lyzed and categorized into the NC or HRT group according
to physician guidance. The study included patients across
different age groups, BMI and AMH levels categories as
shown in table 1. The mean age of the patient recruited
were 33.71 years, BMI 27.37 and AMH levels of 4.44 ng/ml.

TREATMENT PROTOCOL

HRT Protocol: Patients received a standardized regimen in-
volving estradiol and progesterone

METHOD

In HRT stimulated cycle, the patients undertook urine hu-
man chorionic gonadotrophins (hCG) test and transvaginal
scan on the second day of menstruation first. Baseline hor-
mones, serum FSH, LH, Oestradiol and progesterone was
undertaken on the same day. If level optimum, then oral
estradiol tablets (4-6 mg/d, Bayer, Leverkusen Germany)
were given according to the endometrium thickness of the
previous fresh cycle. The estradiol tablets were given in es-
calated doses to achieve optimum endometrial thickness.
Vaginal ultrasound was performed 10 days later to measure
the endometrium thickness. Adequate endometrial prepa-
ration was defined as an endometrial thickness of at least 7
mm with trilaminar appearance.Z0 Once the endometrium
was adequately prepared, serum progesterone levels were
measured after the endometrial assessment. Once the en-
dometrium thickness reached 7 mm or more as assessed
by transvaginal scan, Progesterone supplementation was
initiated and was administered orally (Dydrogesterone 10
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mg twice daily along with micronized progesterone vaginal
suppositories 400 mg twice daily). Other than the above
they also received Intramuscular progesterone in oil every
three days. A maximum of two blastocysts were transferred
after 5 days of progesterone supplementation.

All patients subsequently received & continued our
standard luteal support that includes, oral oestradiol
tablets in escalated doses, transvaginal progesterone, In-
tramuscular progesterone in oil every three days, 20 mg
of oral dydrogesterone. The transfer was cancelled if the
serum progesterone value was more than 1.5 ng/ml. Blas-
tocyst transfer was scheduled on D6 if the day commencing
progesterone was DO and a maximum of two Euploid em-
bryos were transferred 5 days after starting the luteal sup-
port under transabdominal ultrasound guidance as de-
scribed before.2!  Serum beta human chorionic
gonadotropin (8 -hCG) levels were measured 10 days after
embryo transfer to confirm pregnancy outcomes. If serum
8-hCG was positive, luteal support was continued and an
ultrasound examination was carried out 2 weeks later to as-
sess clinical pregnancy for positive fetal heart, miscarriage,
and ongoing viable pregnancy. The dose of estrogen was
stopped in case viable pregnancy was confirmed by ultra-
sound whilst the rest of luteal support medication was con-
tinued till 12 weeks of gestation.

In the Natural Protocol (NC), patients followed their nat-
ural menstrual cycle with minimal medical intervention
termed as modified NC. Women in the modified NC group
underwent transvaginal ultrasound from the start of men-
strual cycle similar to the HRT cycle. Follicular growth was
monitored through transvaginal ultrasound and serum
luteinizing hormone (LH). When LH >201U/L, follicular
study was continued till a dominant follicle of 16 or 18 mm
was identified with a triple line endometrium 7mm or more.
Recombinant hCG (Ovitelle) was given to trigger oocytes
ovulation and embryo transfer was planned on hCG+7 days.
When the ovulation was confirmed by transvaginal ultra-
sound, 400 mg of vaginal micronized progesterone was ini-
tiated two times a day and continued till the day of blas-
tocyst transfer. Thereafter, progesterone support was
continued until 12 weeks of gestation.

DATA COLLECTION AND ANALYSIS

Data were collected on demographic variables (age, BMI),
clinical parameters (AMH levels), and cycle characteristics
(number of embryos transferred). Outcomes measured in-
cluded clinical pregnancy rates (CPR).

STATISTICAL ANALYSIS

Qualitative attributes are described by numbers and per-
centages. The proportions, CPR, and LBR were compared
using chi-squared tests. Continuous variables were com-
pared using ANOVA. In univariate or multivariable analy-
ses, continuous variables—also referred to as clinically rel-
evant classes—were included. Using logistic regression
analysis, factors associated with age BMI and the likelihood
of early pregnancy loss were identified. Variables were
analysed according to their relevance or significance in the
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numerous comparison studies that were conducted. The
variables that were included in the multivariable model
were those that had a P of 0.20 in univariate analysis and
were associated with the likelihood of early pregnancy loss.
The significance threshold was established using a P-value
of 0.05. For statistical analysis, SAS software version 9.4
was utilized.

RESULTS

Demographics and baseline characteristics the mean age
of participants was 33.71 + 5.63 years, and the mean BMI
was 27.37 £ 5.22 (Table 1). The average number of embryos
transferred was 1.23 * 0.42. The results revealed no signif-
icant difference in the effectiveness of HRT and NC with
CPR standing at 65.43% for HRT and comparable outcomes
of 65.45% for NC (Table 2, Figure 1). CPR calculated as the
proportion of gestational sacs observed on ultrasonography
to the number of transferred embryos, for the two treat-
ment groups is presented in Table 2. When compared with
the single embryo transfer, CPR was comparable in both
groups. However, in patients with double embryo transfer,
there was a subtle difference where the NC group exhib-
ited a marginally higher success rate (71.43%) compared to
HRT (69.14%) (Table 2, Figure 1). Stratification by age in-
dicated nuanced differences where patients under 35 years
in the HRT group exhibited a marginally higher success
rate (69.63%) compared to NC (63.64%). Conversely, in pa-
tients above 35 years, the NC slightly outperformed HRT
with CPRs of 66.67% and 59.40% respectively, not reaching
statistical significance. In terms of BMI, the HRT cycle was
most effective in patients between 25 and 29.9, while the
NC showed the highest effectiveness in patients with a BMI
above 30 with a significant p-value of 0.042 (Table 2, Figure
1).

With single embryo transfer, CPRs were comparable be-
tween the HRT and NC groups (Table 2, Figure 1). For dou-
ble embryo transfer, the NC protocol showed a marginally
higher success rate (71.43%) compared to HRT (69.14%).
Among patients under 35 years, the HRT group exhibited
a slightly higher CPR (69.63%) compared to NC (63.64%).
In patients over 35 years, the NC protocol demonstrated a
higher CPR (66.67%) than HRT (59.40%), though this differ-
ence was not statistically significant.

In terms of BMI, the HRT protocol was most effective
in patients with a BMI between 25-29.9, achieving a CPR
of 71.60%. Meanwhile, the NC protocol demonstrated the
highest effectiveness in patients with a BMI >30, with a CPR
of 77.77%, achieving statistical significance (p = 0.042).

In terms of live birth, a total of 365 patients’ data was
analyzed. The mean age of patients was 33.24+5.63 with
a mean BMI of 27.38+ 5.23 and these patients AMH was
4.47+4.23 (Table 4). The LBR was similar between the two
groups with no significant difference seen in the effective-
ness of HRT (50.96%) and NC (49.06%) (Table 3, Figure 2).
Stratification by age indicated nuanced differences where
patients more than 35 years in the NC group exhibited a
marginally higher success rate (48.39%) compared to HRT
(45.80%) not reaching statistical significance. Whilst, in pa-

tients less than 35 years, both groups had comparable out-
comes of 55.70% (HRT) & 54.55% (NC). In terms of BMI,
the HRT cycle was most effective in patients between 25
and 29.9, while the NC showed the highest effectiveness
(61.11%) in patients with a BMI above 30 although not
reaching statistical significance with a significant p-value
of 0.212. When compared with the single embryo transfer,
LBR was comparable in both groups. However, in patients
with double embryo transfer, there was a difference ob-
served where the NC group exhibited a marginally higher
success rate (71.43%) compared to HRT (51.28%) but not
reaching statistical significance.

The overall LBR was comparable between HRT (50.96%)
and NC (49.06%) protocols. patients aged >35 years, the NC
group exhibited a slightly higher LBR (48.39%) compared to
HRT (45.80%), though this difference was not statistically
significant. Among patients <35 years, outcomes were sim-
ilar in both groups (HRT: 55.70%, NC: 54.55%).

In terms of BMI, the HRT protocol was most effective for
patients with BMI 25-29.9, while the NC protocol showed
the highest effectiveness (61.11%) in patients with BMI
230, although this difference did not reach statistical sig-
nificance (p = 0.212).

For SET, LBR was comparable between the two groups.
However, with DET, the NC group demonstrated a mar-
ginally higher success rate (71.43%) compared to HRT
(51.28%), though the difference was not statistically signif-
icant.

DISCUSSION

This retrospective cohort study compared live birth rates
(LBR) between natural cycle (NC) and hormone replace-
ment therapy (HRT) protocols in frozen embryo transfer
(FET) cycles, considering variables such as patient age,
BMI, number of embryos and embryo transfer type. The
findings highlight that the overall LBR was comparable be-
tween the two protocols. For patients aged over 35 years,
NC exhibited a slightly higher LBR, though this difference
was not statistically significant. As BMI also played a role,
with HRT being most effective for patients with a BMI of
25-29.9, while NC showed higher effectiveness for patients
with a BMI >30. This is in line with other recent studies,
including Pan et al.” and Vinsonneau et al.,12 that showed
that while hormone therapy enables precise scheduling of
embryo transfer, they suggest that NC protocols may offer
comparable or slightly superior outcomes in specific sub-
groups, such as patients with higher BMI.

Similarly, double embryo transfer (DET) outcomes fa-
vored NC, suggesting a marginal benefit with this protocol.
However, the most recently published Cochrane review con-
cluded that to date, there is no evidence to support the
use of 1 preparation method above another when consid-
ering implantation rates and/or live birth rates (LBRs). But
the use of preimplantation genetic testing for aneuploidy
(PGT-A) in our study provided robust data by controlling
for embryonic factors, allowing a clearer evaluation of en-
dometrial preparation. These findings align with several
published studies, although the literature presents conflict-
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Table 2. Comparative analysis of age groups (>35 and <35 years), BMI categories (<18.5, 18.5-24.9, 25-29.9, and
230), and the number of embryos transferred (single vs. double embryo transfer) between HRT and NC protocols
on CPR.

Parameter Protocol Total Pregnancy CP | Total No. of Patients | CPR (%) P-Value
Age
HRT 133 191 69.63
<35 years
Natural 14 22 63.64
0.97
HRT 79 133 59.40
235 years
Natural 22 33 66.67
BMI
HRT 1 1 100
<18.5
Natural 1 1 100
HRT 63 112 56.25
18.5-24.9
Natural 12 21 57.14
0.0042
HRT 86 120 71.60
25-29.9
Natural 9 15 60.00
HRT 62 91 68.13
>30
Natural 14 18 77.77
HRT 156 243 64.20
Single (SET)
Natural 31 48 64.58
0.382
HRT 56 81 69.14
Double (DET)
Natural 5 7 7143
HRT 212 324 65.43
Overall 0.236
Natural 36 55 65.45

Comparison of HRT and Natural Protocol with CPR
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Figure 1. Comparative analysis of age groups (>35 and <35 years), BMI categories (<18.5, 18.5-24.9, 25-29.9, and
230), and the number of embryos transferred (SET vs. DET) between HRT and NC protocols on CPR.

ing evidence. For instance, studies by Kim et al. showed no
significant differences between HRT and NC outcomes. On

Journal of IVF-Worldwide 26


https://jivfww.scholasticahq.com/article/128075-personalized-fertility-strategies-assessing-the-efficacy-of-hrt-vs-natural-cycle-protocols-in-frozen-embryo-replacement/attachment/261344.png

Personalized Fertility Strategies: Assessing the Efficacy of HRT vs. Natural Cycle Protocols in Frozen Embry...

Table 3. Basic Characteristics of Comparison of HRT
and Natural Protocol with Live Birth rate (LBR)

Sample size 365

Age 33.24+5.63
BMI 27.38+5.22
AMH 4.47+4.23
Number Of ET 1.23+0.42

the contrary, studies by other researchers!622.23 suggested
better clinical outcomes with NC, supporting the findings
consistent with the present study.

The use of NC protocol for endometrial preparation in
FET cycle is thought to be more natural and safer method
than exposing the patients to the risk of exogenous hor-
mones. Therefore, patients can be counselled with confi-
dence about no risk of side effects or complications in re-
lation to hormone therapy. Moreover, with the NC protocol
will have reduced costs implications to the patients. Other
than that, the body’s natural hormones regulate the cycle,
which might create a more favourable environment for em-
bryo implantation. It has been shown that the corpus lu-
teum that forms in the NC, clearly plays a significant part
in the cardiovascular adaptation of the mother to preg-
nancy.24 In addition to that the corpus luteum secretes a
variety of vasoactive substances, including renin, relaxin,

oxytocin, progesterone, aldosterone, and vascular endothe-
lial growth factor.25

Physiologically, NC cycles utilize the body’s natural hor-
monal regulation, minimizing risks associated with exoge-
nous hormones. The corpus luteum, formed during NC,
plays a critical role in maternal cardiovascular adaptation
and the secretion of vasoactive substances such as relaxin,
oxytocin, and progesterone.2426 This could mediate im-
proved maternal circulatory function hence having benefi-
cial impact of NC on clinical pregnancy outcomes by more
closely mimicking physiological conditions and these fac-
tors might contribute to a more favorable environment for
embryo implantation. The cost-effectiveness and lack of
hormone-related side effects of NC procedures further in-
crease its allure.2” However, NC’s unpredictable ovulation
can make managing cycles more difficult, necessitating reg-
ular monitoring and raising the possibility of cycle cancel-
lations. Because of these difficulties, HRT is frequently a
desirable substitute for both patients and doctors.

Convenient scheduling of embryo transfers is made pos-
sible by HRT’s consistent scheduling and lower monitoring
needs. However, hormone therapy may not be appropriate
for all people and might cause adverse effects like bloating,
headaches, and mood swings. In addition, the adverse ef-
fects of exposure to exogenous hormones may lead to a
higher risk of thromboembolic events and could damage
placentation, which may in turn cause miscarriage.28 The

Table 4. Comparative analysis of age groups (>35 and <35 years), BMI categories (<18.5, 18.5-24.9, 25-29.9, and
>30), and the number of embryos transferred (single vs. double embryo transfer) between HRT and NC protocols

on LBR.
Parameter Protocol | Total Pregnancy | Total No. of Patients | LBR (%) P-Value
Age
HRT 99 181 54.70
<35years
Natural 12 22 54.55
0.111
HRT 60 131 45.80
235 years
Natural 15 31 48.39
BMI
HRT 1 1 100
<18.5
Natural 1 1 100
HRT 48 110 43.64
18.5-24.9
Natural 9 19 26.32
0.212
HRT 62 112 53.36
25-29.9
Natural 6 15 40.00
HRT 48 89 53.93
230
Natural 11 18 61.11
HRT 119 234 50.85
Single (SET)
Natural 22 46 47.83
0.948
HRT 40 78 51.28
Double (DET)
Natural 5 7 7143
HRT 159 312 50.96
Overall 0.998
Natural 26 53 49.06
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Comparison of HRT and Natural Protocol with LBR
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Figure 2. LBR comparison between HRT and NC protocols, analyzed by age group (>35 and <35 years), BMI
categories (<18.5, 18.5-24.9, 25-29.9, and >30), and number of embryos transferred (SET vs DET).

higher costs associated with medications and frequent vis-
its also pose challenges.

Studies by Li et al. and Vinsonneau et al.1229 showed
comparable clinical pregnancy rates between HRT and NC
despite these trade-offs, supporting the results of this in-
vestigation. Additionally, others have30:3! found that eu-
ploid blastocyst transfers had increased LBR in NC, which
supports the findings of the current study.

Another important element affecting results is the tim-
ing of the embryo transfer. Careful planning is necessary
due to the implantation window’s unpredictability. Al-
though this study considered day O as the beginning of
progesterone administration and scheduled blastocyst
transfers for HRT cycles on day 6, other investigations have
taken a different tack. These differences, along with varia-
tions in patient demographics, might explain discrepancies
across studies. The Middle Eastern population in this study
adds another layer of distinction, emphasizing the need for
tailored protocols based on regional and individual charac-
teristics.

The study’s strengths lie in its use of PGT-A to stan-
dardize embryo quality and its comprehensive analysis of
variables such as age, BMI, and ovarian reserve. The real-
world data enhances the findings’ applicability, particularly
as FET cycles continue to rise.

LIMITATIONS

This study has several limitations. First, its retrospective
design introduces inherent biases, including selection bias
and information bias, which may affect the interpretation
of results. Additionally, the non-randomized grouping of
patients into HRT and NC protocols leaves room for physi-
cian bias in protocol selection, potentially influencing out-
comes.

Second, the findings may lack external validity due to
the single-centre design, which limits generalizability to
broader populations. The demographic and clinical charac-
teristics specific to this study’s patient cohort may not re-
flect those of other populations.

Third, the unequal sample sizes between HRT and NC
groups may have impacted statistical power, limiting the
detection of significant differences in outcomes. Further-
more, confounding variables such as lifestyle factors, male
infertility, and genetic differences were not accounted for,
which may influence the observed results.

Future research should address these limitations by em-
ploying randomized controlled trials (RCTs) to minimize
bias and improve generalizability. Larger multicentre stud-
ies with diverse patient populations are recommended to
validate these findings and ensure broader applicability. In-
corporating additional confounding factors into analyses
would further refine protocol comparisons and strengthen
clinical recommendations.

CONCLUSIONS

This study highlights the importance of tailoring fertility
treatments to individual patient profiles, emphasizing the
role of BMI and age in protocol selection. Patients with BMI
>30 may benefit more from NC protocols, particularly when
opting for double embryo transfers. Given the comparable
success rates observed between HRT and NC, clinicians can
adopt a personalized approach that factors in patient de-
mographics and preferences while minimizing unnecessary
interventions.

To further guide clinical decision-making, we propose
that BMI-specific guidelines be developed to optimize pro-
tocol selection and improve outcomes. For patients with
higher BMI, NC may provide a safer, cost-effective alter-
native with reduced hormone exposure. However, HRT re-
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mains a viable option for patients requiring cycle pre-
dictability and convenience.

Future randomized controlled trials are necessary to val-
idate these findings and refine treatment strategies, ensur-
ing patients receive the most effective care tailored to their
needs.

FUNDING STATEMENT
There has been no funding received for this study.

COMPETING INTEREST

None

SUBMISSION DECLARATION & DECLARATION OF
INTEREST

The manuscript has never been published before. There are
no other publications considering it.

The author(s) declares no conflict of interest and have
no relevant affiliations or financial involvement with any
organization or entity with a financial interest. This in-
cludes employment, consultancies, honoraria, expert testi-
mony, grants or royalties.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

This study was conducted in strict adherence to ethical
principles and guidelines. All efforts were made to safe-

guard the confidentiality and privacy of their personal in-
formation throughout the study.

DATA AVAILABILITY STATEMENT

The data supporting the findings of this study are stored
in software called Meditex, which is designed specifically
for In-Vitro Fertilization (IVF) clinics. Meditex serves as a
tool for managing and documenting patient data within As-
sisted Reproduction organizations. However, it’s important
to note that there are restrictions on accessing this data due
to licensing agreements for this study. Therefore, the data
cannot be accessed publicly. Nevertheless, the authors of
the study are willing to provide access to the data upon re-
quest.

AUTHOR’S CONTRIBUTIONS
All the authors contributed equally to this article.
ACKNOWLEDGEMENT

The authors thank Ms. Sahana Chandrappa Biostatistician
and Ms. Gladies (Academic program coordinator) for their
support in this study.

Submitted: December 11, 2024 CDT. Accepted: January 05,
2025 CDT. Published: January 23, 2025 CDT.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information.

Journal of IVF-Worldwide

29



Personalized Fertility Strategies: Assessing the Efficacy of HRT vs. Natural Cycle Protocols in Frozen Embry...

REFERENCES

1. Wei D, Liu JY, Sun Y, et al. Frozen versus fresh
single blastocyst transfer in ovulatory women: a
multicentre, randomised controlled trial. Lancet.
2019;393:1310-1318. doi:10.1016/
S0140-6736(18)32843-5

2. Adamson GD, Mouzon ] de, Chambers GM, et al.
Inter- national Committee for Monitoring Assisted
Reproductive Technology: world report on assisted
reproductive technology, 2011. Fertility and Sterility.
2018;110(6):1067-1080. doi:10.1016/
j.fertnstert.2018.06.039

3. Ishihara O, Araki R, Kuwahara A, Itakura A, Saito
H, Adamson GD. Impact of frozen-thawed single-
blastocyst transfer on maternal and neonatal
outcome: an analysis of 277,042 single-embryo
transfer cycles from 2008 to 2010 in Japan. Fertility
and Sterility. 2014;101(1):128-133. doi:10.1016/
j.fertnstert.2013.09.025

4. Stamenov GS, Parvanov DA, Chaushev TA.
Successful pregnancy following mixed double embryo
transfer in a patient with variable window of
implantation. Case Rep Obstet Gynecol.
2018;5:1687583. doi:10.1155/2018/1687583

5. Mackens S, Santos-Ribeiro S, van de Vijver A.
Frozen embryo transfer: a review on the optimal
endometrial preparation and timing. Hum Reprod.
2017;32:2234-2242. doi:10.1093/humrep/dex285

6. Groenewoud ER, Cohlen BJ, Macklon NS.
Programming the endometrium for deferred transfer
of cryopreserved embryos:hormone replacement
versus modified natural cycles. Fertl Steril.
2018;109:768-774. doi:10.1016/
j.fertnstert.2018.02.135

7. Pan Y, Li B, Wang Z, et al. Hormone replacement
versus natural cycle protocols of endometrial
preparation for frozen embryo transfer. Front
Endocrinol. 2020;11:546532. doi:10.3389/
fendo.2020.546532

8. Liu X, Shi J, Bai H, et al. Pre-treatment with a
GnRH agonist and hormone replacement treatment
protocol could not improve live birth rate for PCOS
women undergoing frozen thawed embryo transfer
cycles. BMC Pregnancy Childbirth. 2021;21:835.
doi:10.1186/s12884-021-04293-4

Journal of IVF-Worldwide

9. Groenewoud ER, Cantineau AEP, Kollen BJ,
Macklon NS, Cohlen B]. What is the optimal means of
preparing the endometrium in frozen-thawed embryo
transfer cycles? a systematic review and meta-
analysis. Hum Reprod Update. 2013;19(5):458-470.
doi:10.1093/humupd/dmt030

10. Ghobara T, Gelbaya TA, Ayeleke RO. Cycle
regimens for frozen-thawed embryo transfer.
Cochrane Database systematic Rev. 2017;7:Cd003414.
doi:10.1002/14651858.CD003414.pub3

11. Singh B, Reschke L, Segars ], et al. Frozen-Thawed
embryo transfer: the potential importance of the
corpus luteum in preventing obstetrical
complications. Fertil Steril. 2020;113:252-257.
doi:10.1016/j.fertnstert.2019.12.007

12. Vinsonneau L, Labrosse ], Porcu-Buisson G, et al.
Impact of endometrial preparation on early
pregnancy loss and live birth rate after frozen embryo
transfer: a large multicenter cohort study (14 421
frozen cycles). Human Reproduction Open. Published
online 2022:1-10. doi:10.1093/hropen/hoac007

13. Zheng YZ, Li M, Xiong X, et al. Hormonal
replacement treatment improves clinical pregnancy
in frozen-thawed embryos transfer cycles: a
retrospective cohort study. American Journal of
Translational Research. 2013;6(1):85-90.

14. Hill MJ, Miller KA, Frattarelli JL. A gnrh agonist
and exogenous hormone stimulation protocol has a
higher live-birth rate than a natural endogenous
hormone protocol for frozenthawed blastocyst-stage
embryo transfer cycles: An analysis Of1391 cycles.
Fertility Sterility. 2010;93(2):416-422. doi:10.1016/
j.fertnstert.2008.11.027

15. Morozov V, Ruman ], Kenigsberg D, Brenner MS.
Natural cycle cryo-thaw transfer may improve
pregnancy outcome. J Assisted Reproduction &
Genetics. 2007;24(4):119-123. doi:10.1007/
$10815-006-9100-y

16. Cardenas Armas DF, Armas C, Penarrubia J, et al.
Frozen-thawed blastocyst transfer in natural cycle
increase implantation rates compared artificial cycle.
Gynecol Endocrinol. 2019;35(10):873-877. doi:10.1080/
09513590.2019.1600668

17. Mounce G, McVeigh E, Turner K, et al.
Randomized, controlled pilot trial of natural versus
hormone replacement therapy cycles in frozen
embryo replacement in vitro fertilization. Fertil Steril.
2015;104:915-920. doi:10.1016/
j.fertnstert.2015.07.1131

30


https://doi.org/10.1016/S0140-6736(18)32843-5
https://doi.org/10.1016/S0140-6736(18)32843-5
https://doi.org/10.1016/j.fertnstert.2018.06.039
https://doi.org/10.1016/j.fertnstert.2018.06.039
https://doi.org/10.1016/j.fertnstert.2013.09.025
https://doi.org/10.1016/j.fertnstert.2013.09.025
https://doi.org/10.1155/2018/1687583
https://doi.org/10.1093/humrep/dex285
https://doi.org/10.1016/j.fertnstert.2018.02.135
https://doi.org/10.1016/j.fertnstert.2018.02.135
https://doi.org/10.3389/fendo.2020.546532
https://doi.org/10.3389/fendo.2020.546532
https://doi.org/10.1186/s12884-021-04293-4
https://doi.org/10.1093/humupd/dmt030
https://doi.org/10.1002/14651858.CD003414.pub3
https://doi.org/10.1016/j.fertnstert.2019.12.007
https://doi.org/10.1093/hropen/hoac007
https://doi.org/10.1016/j.fertnstert.2008.11.027
https://doi.org/10.1016/j.fertnstert.2008.11.027
https://doi.org/10.1007/s10815-006-9100-y
https://doi.org/10.1007/s10815-006-9100-y
https://doi.org/10.1080/09513590.2019.1600668
https://doi.org/10.1080/09513590.2019.1600668
https://doi.org/10.1016/j.fertnstert.2015.07.1131
https://doi.org/10.1016/j.fertnstert.2015.07.1131

Personalized Fertility Strategies: Assessing the Efficacy of HRT vs. Natural Cycle Protocols in Frozen Embry...

18. Madani T, Ramezanali F, Yahyaei A, et al. Live
birth rates after different endometrial preparation
methods in frozen cleavage-stage embryo transfer
cycles: a randomized controlled trial. Arch Gynecol
Obstet. 2019;299:1185-1191. doi:10.1007/
s00404-019-05062-7

19. Zegers-Hochschild F, Adamson GD, Dyer S. The
international glossary on infertility and fertility care,
2017. Hum Reprod. 2017;32:1786-1801. doi:10.1093/

humrep/dex234

20. Banker M, Arora P, Banker J, Shah S. A
Comparative Study to Assess the Efficacy of Two
Different Estradiol Formulations during In Vitro
Fertilization. ] Reprod Med. Published online August
2021. doi:10.1155/2021/3153307

21. Flisser E, Grifo JA, Krey LC, Noyes N.
Transabdominal ultrasound- assisted embryo transfer
and pregnancy outcome. Fertil Steril. 2006;85(2):3537.
doi:10.1016/j.fertnstert.2005.08.015

22. Wu H, Zhou P, Lin X, Wang S, Zhang S.
Endometrial preparation for frozen-thawed embryo
transfer cycles: a systematic review and network
meta-analysis. J Assist Reprod Genet.
2021;38:1913-1926. doi:10.1007/s10815-021-02125-0

23. Orvieto R, Feldman N, Lantsberg D. Natural cycle
frozen-thawed embryo transfer—can we improve
cycle outcome? J Assist Reprod Genet.
2016;33:611-615. doi:10.1007/s10815-016-0685-5

24. Conrad KP, Petersen JW, Chi YY, et al. Maternal
cardiovascular dysregulation during early pregnancy
after in vitro fertilization cycles in the absence of a
corpus luteum. Hypertension. 2019;74:705-715.
doi:10.1161/HYPERTENSIONAHA.119.13015

25. Toner JP. The corpus luteum is more than
progesterone. Fertil Steril. 2021;115:1432.
doi:10.1016/j.fertnstert.2021.04.015

26. Liu X, Shi W, Shi J. Natural cycle frozen-thawed
embryo transfer in young women with regular
menstrual cycles increases the live-birth rates
compared with hormone replacement treatment: a
retrospective cohort study. Fertil Steril.
2020;113:811-817. doi:10.1016/
j.fertnstert.2019.11.023

27. Cerrillo M, Herrero L, Guillé n A, Mayoral M,
Garcia-Velasco JA. Impact of endometrial preparation
protocols for frozen embryo transfer on live birth
rates. Rambam Maimonides Med J. 2017;8(2):e0020.
doi:10.5041/RMM].10297

28. Patel S, Kilburn B, Imudia A. Estradiol elicits
proapoptotic and antiproliferative effects in human
trophoblast cells. Biol Reprod. 2015;93:74.
doi:10.1095/biolreprod.115.129114

29. Li C, He YC, Xu J], Wang Y, Wu YT. Perinatal
outcomes of neonates born from different
endometrial preparation protocols after frozen
embryo transfer: A retrospective cohort study. BMC
pregnancy childbirth. 2021;21(1):341. doi:10.1186/
$12884-021-03791-9

30. Melnick A, Setton R, Stone L, Periera N, Xu K,
Rosenwaks Z, et al. Replacing single frozen-thawed
euploid embryos in a natural cycle in ovulatory
women may increase live birth rates compared to
medicated cycles in anovulatory women. J Assisted
Reprod Genet. 2017;34(10):1325-133. doi:10.1007/
$10815-017-0983-6

31. Wang A, Murugappan G, Kort ], Westphal L.
Hormone replacement versus natural frozen embryo
transfer for euploid embryos. Arch Gynecology
Obstetrics. 2019;300(4):1053-1060. doi:10.1007/
s00404-019-05251-4

Journal of IVF-Worldwide

31


https://doi.org/10.1007/s00404-019-05062-7
https://doi.org/10.1007/s00404-019-05062-7
https://doi.org/10.1093/humrep/dex234
https://doi.org/10.1093/humrep/dex234
https://doi.org/10.1155/2021/3153307
https://doi.org/10.1016/j.fertnstert.2005.08.015
https://doi.org/10.1007/s10815-021-02125-0
https://doi.org/10.1007/s10815-016-0685-5
https://doi.org/10.1161/HYPERTENSIONAHA.119.13015
https://doi.org/10.1016/j.fertnstert.2021.04.015
https://doi.org/10.1016/j.fertnstert.2019.11.023
https://doi.org/10.1016/j.fertnstert.2019.11.023
https://doi.org/10.5041/RMMJ.10297
https://doi.org/10.1095/biolreprod.115.129114
https://doi.org/10.1186/s12884-021-03791-9
https://doi.org/10.1186/s12884-021-03791-9
https://doi.org/10.1007/s10815-017-0983-6
https://doi.org/10.1007/s10815-017-0983-6
https://doi.org/10.1007/s00404-019-05251-4
https://doi.org/10.1007/s00404-019-05251-4

	Personalized Fertility Strategies: Assessing the Efficacy of HRT vs. Natural Cycle Protocols in Frozen Embryo Replacement
	Objective
	Design
	Setting
	Patients
	Results
	Conclusions
	Introduction
	Materials and Methods
	Study methodology
	Definition of Clinical Outcomes
	Participants
	Treatment protocol

	Method
	Data Collection and Analysis
	Statistical Analysis

	Results
	Discussion
	Limitations
	Conclusions
	Funding Statement
	Competing Interest
	Submission declaration & Declaration of interest
	Ethics approval and consent to participate
	Data Availability Statement
	Author’s contributions
	Acknowledgement

	References


