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Abstract

Diminished ovarian reserve (DOR) and poor ovarian response (POR) remain among the
most challenging conditions in assisted reproductive technology, and no optimal stimula-
tion strategy has been established. Clomiphene citrate (CC), a selective estrogen receptor
modulator that augments endogenous gonadotropin secretion and modulates the intraovar-
ian androgenic milieu, has been proposed as an adjuvant to reduce exogenous gonadotropin
requirements. This mini-review summarizes clinical evidence published between January
2015 and March 2025 on the co-administration of CC with gonadotropins in women with
DOR or POR undergoing IVE/ICSI. Eleven primary studies (four randomized controlled
trials, six observational cohort studies and one before-after study) were identified through
a structured, PRISMA-informed literature search. Across mild, standard, and high-dose
regimens, CC co-administration consistently reduced total gonadotropin consumption
and stimulation duration, whereas oocyte yield, clinical pregnancy, and live-birth rates
were largely comparable to conventional protocols. Cost analyses suggest a meaningful
reduction in the expenditure per treatment cycle, although the cost per delivery is driven
predominantly by the low absolute success rates in this population. Careful monitoring of
endometrial thickness is warranted given the anti-estrogenic effect of CC, and a freeze-all
strategy may be preferable when endometrial development is suboptimal. In the wider
context of adjuvant therapy for POR, CC occupies a position comparable to that of letrozole:
it reduces treatment burden without demonstrable improvement in live birth. Larger,
adequately powered multicentre randomized trials with live birth as the primary endpoint
are needed to define the role of CC in this population.

Keywords: clomiphene citrate; poor ovarian response; diminished ovarian reserve; con-
trolled ovarian stimulation; gonadotropins; in vitro fertilization, POSEIDON criteria;
mild stimulation

1. Introduction

Infertility is a common condition with substantial personal, social and economic
consequences. According to estimates published by the World Health Organization in
2023, the lifetime prevalence of infertility is approximately 17.5%, corresponding to roughly
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one in six adults worldwide, with limited variation between high-income and low- and
middle-income settings [1]. Within the infertile population, diminished ovarian reserve
(DOR) and poor ovarian response (POR) are among the most challenging conditions in
assisted reproductive technology (ART). Poor ovarian response has been reported to occur
in 9-24% of ovarian stimulation cycles and affects the chance for conception significantly,
with high rates of cycle cancellation and reduced chance for pregnancy [2-4]. Poor ovarian
response to stimulation has for many years hampered progress in its management, mainly
because of the lack of an agreed definition of the condition and the consequent variability
in diagnosis among studies. In a systematic review of 47 randomized trials, Polyzos and
Devroey identified 41 different definitions of “poor responders,” underscoring the extent
of this heterogeneity [2].

The introduction of the European Society of Human Reproduction and Embryology
(ESHRE)-supported Bologna criteria in 2011 provided a uniform basis for the diagnosis
of POR. According to these criteria, poor response is diagnosed when at least two of
the following three criteria are present: advanced maternal age (>40 years) or any other
risk factor for POR; a previous poor ovarian response (<3 oocytes with a conventional
stimulation protocol); and an abnormal ovarian reserve test (antral follicle count <5-7 or
anti-Miillerian hormone <0.5-1.1 ng/mL) [5]. However, although the Bologna criteria im-
proved research consistency, their contribution to individualized clinical decision-making
has been limited, principally because they aggregate biologically distinct patients—for
example a young woman with severely reduced reserve and an older woman with an
age-related decline—into a single prognostic category [6].

Several years later, the Patient-Oriented Strategies Encompassing Individualized
Oocyte Number (POSEIDON) criteria introduced a clinically relevant classification system
for PORs, distributing them into four groups according to age, ovarian reserve biomarkers
(AMH and AFC), and previous ovarian response to stimulation [7,8]. Groups 1 and 2
comprise women with adequate pre-stimulation ovarian reserve markers who nevertheless
demonstrate an unexpected poor or suboptimal response, stratified by age below or above
35 years; groups 3 and 4 comprise women with expected poor response on the basis of
reduced ovarian reserve markers (AFC <5, AMH < 1.2 ng/mL), again stratified by age [7,8].
This framework replaces the binary poor-responder label with a patient-oriented concept
of “low prognosis,” in which the therapeutic objective is defined as obtaining the number
of oocytes required to achieve at least one euploid blastocyst for that specific woman.
Standardized reporting of studies employing this classification has subsequently been
proposed in the POSORT guidelines [9].

Accurate pre-treatment assessment of ovarian reserve underpins both classification
systems. Anti-Miillerian hormone (AMH) and antral follicle count (AFC) are currently
regarded as the most reliable biomarkers for predicting the quantitative ovarian response
to stimulation, and both substantially outperform chronological age and basal follicle-
stimulating hormone (FSH) [10-12]. In a meta-analysis of 42 studies, AMH and AFC demon-
strated comparable overall discriminative performance for the prediction of poor response,
with no significant difference between their summary receiver-operating-characteristic
curves, although the choice of cut-off value was a major source of heterogeneity [11]. AMH
has the practical advantages of relative stability across the menstrual cycle and indepen-
dence from operator-dependent ultrasound assessment [13]. It should nevertheless be
emphasized that these markers predict oocyte quantity rather than oocyte quality, and
consequently their capacity to predict live birth in the individual patient is limited [10,13].

The clinical relevance of oocyte yield is supported by the well-documented association
between the number of oocytes retrieved and the probability of live birth. In an analysis of
more than 400,000 IVF cycles, Sunkara et al. demonstrated a positive relationship between
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oocyte number and live-birth rate up to approximately 15 oocytes, with a plateau there-
after [14]. This observation provides the biological rationale for attempting to maximize
the oocyte cohort in women with DOR. A common clinical strategy has therefore been to
use high doses of gonadotropins in order to recruit a greater number of follicles in such
patients; however, multiple studies and meta-analyses have shown only limited benefit and
a substantial increase in cost in this subgroup [15,16]. This apparent paradox reflects the fact
that the recruitable follicular cohort in women with DOR is finite: once all available FSH-
sensitive follicles have been recruited, further escalation of the gonadotropin dose cannot
generate additional follicles and serves only to increase expenditure and patient burden.

The selective estrogen receptor modulator clomiphene citrate (CC) acts primarily by oc-
cupying hypothalamic estrogen receptors, leading to increased endogenous gonadotropin-
releasing hormone (GnRH) pulse frequency and resulting in increased pituitary FSH and
luteinizing hormone (LH) secretion [17]. This mechanism of action forms the basis for co-
administration of CC with exogenous gonadotropins. The endogenous gonadotropins pro-
mote follicular recruitment and cohort synchronization during treatment, thereby lowering
the total dose of exogenous injectable medications needed for ovulation induction [18,19].

A further biological advantage of CC in poor responders is that it modulates the
androgenic milieu, which is thought to enhance the gonadotropin-supported growth of
follicles [20,21]. The rise in LH induced by CC administration increases the intraovarian
production of androgens, which in primate models have been shown to prime early follicu-
lar growth [20]. Moreover, androgens may act synergistically with FSH by promoting the
expression of FSH receptors on granulosa cells, thereby favoring follicular growth in poor
responders [21].

Previous systematic reviews and meta-analyses have reported heterogeneous and
sometimes conflicting findings regarding the efficacy of CC-containing protocols in poor
responders. Bechtejew et al. performed a meta-analysis of 22 studies on CC, including
only RCTs, and showed that in women with expected poor ovarian response the live-birth
(RR 0.9, 95% CI0.6-1.2) and clinical pregnancy rates (RR 1.0, 95% CI 0.8-1.4) were similar,
but the amount of FSH required for stimulation was significantly decreased [18]. Recent
studies involving only POSEIDON-defined DOR populations reported neutral reproductive
outcomes with reduced medication use [19,22]. The most recent ESHRE guideline on
ovarian stimulation, updated in 2025, devotes specific attention to pre-treatment and
adjuvant strategies in low responders, reflecting the persistent clinical uncertainty in this
area [23]. Thus, the role of CC in ovarian stimulation for women with DOR remains
unclear. This mini-review aims to summarize recent available evidence on the use of CC in
combination with gonadotropins for women with DOR and POR and to clarify its place in
current IVF practice.

2. Pharmacology and Mechanism of Action of Clomiphene Citrate

A clear understanding of the pharmacological properties of CC is helpful in inter-
preting the heterogeneous clinical findings reported in poor responders, since several
of the drug’s advantages and disadvantages in this population derive directly from its
molecular behaviour.

Clomiphene citrate is not a single compound but a racemic mixture of two geometric
isomers, the cis-isomer zuclomiphene and the trans-isomer enclomiphene, with the cis-
isomer constituting approximately 30-50% of commercial preparations [24]. The two
isomers exhibit mixed estrogenic and antiestrogenic properties: available data indicate that
zuclomiphene possesses greater estrogenic activity, whereas enclomiphene is principally
responsible for the antiestrogenic effect that drives gonadotropin release [24]. The isomers
also differ substantially in their pharmacokinetics. Single-dose studies in healthy volunteers
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have shown that zuclomiphene has a considerably longer half-life than enclomiphene, with
detectable concentrations persisting for longer than one month after administration, a
finding attributed to stereo-specific enterohepatic recycling or tissue sequestration [24].
This prolonged persistence of the estrogenic isomer is clinically relevant because it implies
that pharmacological activity may extend beyond the conventional five-day treatment
window and, in repeated cycles, may accumulate.

Clomiphene citrate interacts with estrogen-receptor-containing tissues throughout the
reproductive tract, including the hypothalamus, pituitary, ovary, endometrium, vagina
and cervix. It competes with endogenous estrogen for receptor-binding sites and may
delay the replenishment of intracellular estrogen receptors [24]. At the hypothalamic level,
this receptor blockade interrupts the negative feedback exerted by circulating estradiol,
increasing the frequency of GnRH pulses and consequently augmenting pituitary secretion
of FSH and LH [17]. In the context of controlled ovarian stimulation, this endogenous
gonadotropin drive acts in addition to the administered exogenous gonadotropins, which
constitutes the pharmacological basis of the dose-sparing effect observed consistently across
clinical studies [18,19].

A second, ovarian mechanism may be of particular relevance in women with reduced
ovarian reserve. The CC-induced rise in LH stimulates theca-cell androgen production,
and intraovarian androgens have been shown in primate models to promote the initia-
tion and early growth of follicles [20]. Androgens additionally upregulate granulosa-cell
FSH-receptor expression and stimulate the intraovarian insulin-like growth factor-I system,
thereby amplifying the response of the follicle to FSH [21,25]. This androgen-mediated sen-
sitization provides a plausible explanation both for the gonadotropin-sparing effect and for
the improvements in laboratory parameters reported in some studies of CC co-treatment.

The same receptor-level mechanism, however, accounts for the principal drawback of
CC. Because the drug does not act selectively on the hypothalamus, its antiestrogenic activ-
ity extends to peripheral estrogen-responsive tissues, most importantly the endometrium
and the endocervix [24]. Depletion of endometrial estrogen receptors during the prolif-
erative phase may impair endometrial growth and receptivity, an effect that is clinically
apparent as reduced endometrial thickness. This constitutes the main mechanistic distinc-
tion between CC and the aromatase inhibitor letrozole: letrozole reduces estradiol synthesis
without occupying or depleting estrogen receptors, so that once the drug is cleared, the
endometrium is exposed to rising estradiol concentrations without residual receptor block-
ade [19]. This difference is of limited consequence in a segmented (freeze-all) strategy but
may be decisive when a fresh embryo transfer is planned.

3. Materials and Methods

We performed a structured electronic literature search of the PubMed /MEDLINE,
Google Scholar, and Scopus databases, following the main principles of the PRISMA 2020
statement for study identification, screening, and inclusion [26-28]. The searched articles
examined the efficacy of CC plus gonadotropins in IVF/ICSI protocols in women with
DOR and/or POR. The Boolean search strategy using free-text keywords was: clomiphene,
clomiphene citrate, gonadotropin, FSH, hMG, menotropin, ovarian stimulation, controlled
ovarian stimulation, COS, IVE, ICS], in vitro fertilization, assisted reproduction, assisted
reproductive technology. The search was limited to human research published in the En-
glish language from January 2015 to March 2025. The terms were combined as (clomiphene
OR “clomiphene citrate”) AND (gonadotropin OR gonadotrophin OR FSH OR hMG OR
menotropin) AND (“ovarian stimulation” OR “controlled ovarian stimulation” OR COS
OR IVF OR ICSI OR “in vitro fertilization” OR “assisted reproduction” OR “assisted re-
productive technology”), and the same string, using free-text terms without controlled
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vocabulary, was applied to all three databases. Population-restricting terms such as “poor
responder”, “poor ovarian response”, “diminished ovarian reserve”, “low prognosis”,
“POSEIDON” and “Bologna” were deliberately omitted from the retrieval string. This
was a considered decision intended to maximize sensitivity: a substantial proportion of
trials of CC co-treatment do not carry these descriptors in the title or abstract, and sev-
eral of the studies ultimately included define their populations only by centre-specific
criteria, so that a population-filtered search would have retrieved fewer eligible records.
Population eligibility was applied instead at the screening stage, as reflected below in
the exclusion of 28 records at title and abstract for not concerning poor-responder or
diminished-reserve populations.

All 384 identified records were screened for relevance in two stages. First, all citations
published prior to 2015 were excluded (n = 299). The titles and abstracts of the remaining
85 citations were screened by two authors. In total, 57 of these records were excluded
because they did not include poor-responder or diminished-reserve populations (28), were
unrelated to IVF/ICSI (8), were reviews (10), meta-analyses (5), editorials (1), or case
reports (5). Second, 28 full-text articles that met the inclusion criteria were read in full. Of
these, 16 were excluded for the following reasons: no extractable reproductive outcomes
reported (7), inappropriate study design (1), non-conventional mild stimulation protocol (3),
and no evaluation of CC plus gonadotropins (5).

We included only studies enrolling women with POR according to the Bologna criteria,
the POSEIDON criteria, or other centre-specific criteria, using CC in combination with low,
standard, or high doses of gonadotrophins and reporting at least one IVF or ICSI outcome,
such as the number of oocytes, mature oocytes, embryo development, clinical pregnancy,
and/or live-birth rates. The quality of the evidence was assessed using the five GRADE
domains: risk of bias (within studies), inconsistency (between studies), indirectness (of
evidence), publication bias (the possibility of research publication being influenced by
the outcome), and overall certainty. Two authors performed a descriptive assessment of
study quality for the different domains based on study design, assessment of important
confounders, participant inclusion and exclusion criteria, outcome data availability, and
reporting of outcomes. The selection process is shown in the PRISMA flow diagram
(Figure 1).

Because the diagnostic criteria applied across the included studies differed substan-
tially, the two principal classification systems encountered are summarized in Table 1 to
facilitate interpretation of the pooled evidence.

Table 1. Comparison of the Bologna and POSEIDON classification systems for poor ovarian response
and low prognosis.

Feature Bologna Criteria (ESHRE, 2011) [5] POSEIDON Criteria (2016) [7,8]
Underlying concept Binary definition of “poor ovarian response” Graded concept of “low prognosis” in ART
At least two of three criteria: (i) age > 40 years
or another risk factor; (ii) previous POR (<3 Stratification by age (<35 vs. >35 years), ovarian
Diagnostic requirement oocytes with a conventional protocol); (iii) reserve markers (AFC <5, AMH <1.2 ng/mL) and
abnormal ovarian reserve test (AFC < 5-7 or previous ovarian response

AMH < 0.5-1.1 ng/mL)

Subgroups

Group 1: <35 years, adequate markers, unexpected
poor /suboptimal response; Group 2: >35 years,
None; single category adequate markers, unexpected poor/suboptimal
response; Group 3: <35 years, reduced markers;
Group 4: >35 years, reduced markers

Therapeutic endpoint

Number of oocytes required to obtain at least one

Not explicitly defined euploid blastocyst for the individual patient
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Table 1. Cont.
Feature Bologna Criteria (ESHRE, 2011) [5] POSEIDON Criteria (2016) [7,8]
Patient-oriented; distinguishes expected from
Principal strength Improved consistency and cgmparablhty of unexPecFed poor response and sep'ara.tes
research populations quantitative from age-related (qualitative)
limitation
Aggregates biologically heterogeneous Requires cumulative outcome data and
Principal limitation patients; limited value for individualized standardized reporting (POSORT) [9]; prognostic

decision-making [6] thresholds still under validation

AFC, antral follicle count; AMH, anti-Miillerian hormone; ART, assisted reproductive technology;
ESHRE, European Society of Human Reproduction and Embryology; POR, poor ovarian response;
POSEIDON, Patient-Oriented Strategies Encompassing Individualized Oocyte Number; POSORT,
POSEIDON Study Reporting.

Identification of studies via databases and registers
e
2
- 1 .
g Records identified from: Record§ removed before screem?g.
& PubMed (n = 384) Duplicate records removed (n = 0)
€ Records removed before 2015 (n = 299)
:
Records excluded (n = 57):
- Absence of poor-responder or diminished ovarian
Records screened reserve population
(n=85) - Unrelated to IVF/ICSI
- Did not report extractable reproductive outcomes
- Review articles, editorials
2
‘€ Reports sought for retrieval Reports not retrieved
w - -
0 (n=28) (n=0)
0
(7]
Reports excluded (n = 16):
- Systematic review / meta-analysis (n = 4)
Reports assessed for eligibility — Narrative review (n = 3)
(n=28) - Case report / wrong study design (n = 1)
- Non-conventional mild stimulation protocol (n = 3)
- No evaluation of CC + gonadotropins (n = 5)
T
e Studies included in review
‘_é (n=12)

Figure 1. PRISMA 2020 flow diagram of study identification, screening, eligibility assessment,

and inclusion.

4. Results

The review includes eleven primary studies on CC in combination with gonadotropins
for the treatment of women with DOR. These comprise four randomized controlled tri-
als (RCTs) [29-32], six observational cohort studies [33-38] and one before-after study
conducted in the same patients [39]. In addition, one narrative review with an updated
meta-analysis [40] was consulted as a source of secondary evidence rather than as a primary
study; it is discussed in Section 5 and is not tabulated, so that the twelve records retained
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after full-text assessment (Figure 1) comprise these eleven primary studies together with

that secondary source. The characteristics and main outcomes of the eleven primary stud-

ies are summarized in Table 2. For clarity of the evidence hierarchy, the sources drawn

upon in this review are of four kinds and are treated distinctly throughout: randomized

controlled trials [29-32]; non-randomized comparative studies [33-39]; systematic reviews

and meta-analyses, discussed as secondary evidence in Section 5.2 [15,16,18,22,41]; and

narrative reviews and clinical guidelines, cited for context only [23,40].

Table 2. Characteristics and main outcomes of studies evaluating clomiphene citrate plus go-

nadotropins in women with diminished ovarian reserve or poor ovarian response.

. POR Gonadotropin .
Study Design/N Criteria Protocol Key Outcomes Data Conclusions
COCs: 1.0 (0-4) vs. 3.0
(0-8.4), p <0.001
MII oocytes: 1.0 vs. 2.0, CC-based mild
Mild: CC 100 mg (d2-6) p =0.001 stimulation
+ Ce.trorelix 0 2§ mg + EMT: 7.8 vs. 10.0 mm, Total Gn: 1050 reduces Gn use
T P p=0.015 vs. 4040 IU, but yields fewer
Zrzta;odll; RCT Bologna rFSH 150 I‘[,Js/d (n=33) Cancellation: 36.4% vs. p <0.001 oocytes; CPR and
['2’9] n=>58 criteria Conventiorlal‘ lon 12%, p = 0.036 Duration: 11.0 LBR not
-long CPR: 12.1% vs. 20%, vs. 12.0d, significantly
GnRH-a or antagonist + .
300450 1U/d (n = 25) p=0.412 p=0.140 different from
LBR: 9.1% vs. 12%, conventional
p=0.719 protocols
Miscarriage: 40% vs. 40%,
p=1.0
Mild: CC 100 mg + Oocy];i‘;ité;e;ig; rs);rmlar MlldpSOCV ipdr‘;);tocol
Pilehvari hMit150 Ef{((in-'——i%g{H CPR: comparable (NS) Total Gn: comparable
chve RCT POR (centre antagoustin = Total Gn dose: significantly outcomes with
etal., 2016 L VS. . . . .
n =280 criteria) . significantly lower with lower with CC significantly
[30] Conventional: hAMG 300
CC (p <0.05) reduced cost and
IU/d + GnRH . L
. Similar pregnancy rates medication
antagonist (n = 40) -
with lower cost exposure
CPR: 5.9% vs. 14.1% vs. CC performed
Group A: CC 100 mg + o worst among
hi 29.3%, p =0.028
igh-dose FSH + . o protocols; short
. _ Implantation rate: 4.8% vs. .
. antagonist (n = 68) o o GnRH agonist
. . POR in 9.3% vs. 19.2% (CC vs.
Schimberni . Vs. . Total FSH: NS should be
RCT previous IVF . antagonist p = 0.040; CC
etal., 2016 Group B: FSH + flexible . between groups preferred. CC
n =250 cycle (<3 : vs. agonist p = 0.003) .o . .
[31] antagonist (n = 71) . Duration: NS associated with
oocytes) Oocytes retrieved: NS .
s between groups thinner
Group C: FSH + short sroup endometrium and
. Embryos transferred: NS
GnRH agonist (n = 75) . . lower
EMT: thinner in CC group . .
implantation
2 x 2 factorial design: CC + low-dose
A: CC 100 mg (d3-7) + Oocytes: A 2.85,B 4.32,C Gn (150 IU)
450 IU HMG (n = 28) 3.33, D 3.22 (p = 0.246, NS) yielded
Bologna B: CC 100 mg + 150 IU Blastocysts: B 1.77 vs. A By design: 150 significantly more
Moffat RCT criteria (>2 of HMG (n =29) 0.83 (p = 0.006) vs. 450 ITU blastocysts. CC
etal., 2021 (double-blind) 3 criteria) C: Placebo + 450 IU EMT: lower in CC groups CC did not may improve
[32] n=114 Median age HMG (n = 30) Overall LBR: 12.3% affect serum oocyte
385y D: Placebo + 150 IU Cumulative LBR: 14.7% FSH levels competence
HMG (n =27) FSH serum: lower in 150 rather than yield.
All: GnRH antagonist IU groups LBR comparable
protocol across arms
Long CCisa
Long CC.: cC . MII oocytes: median 5 vs. .feas1b.le,
throughout stimulation - patient-friendly
. 4.5,p=0.922 .
(no GnRH antagonist) + MII/ AFC ratio: 0.69 vs Both groups: alternative that
Mandelbaum  Retrospective DOR (centre high-dose rFSH L ' high-dose rFSH prevents
N 0.56,p =0.16
etal., 2025 cohort criteria; (n=361) . o Long CC premature
Premature ovulation: 0.3% . . .
[33] n =469 cycles AMH-based) vS. o eliminates need  ovulation without
vs. 3.0%, p = 0.019 - .
5-day CC + GnRH A L for antagonist antagonist
. . ge and AMH similar L o
antagonist + high-dose between eToups injections;
rFSH (n = 108) group non-inferior MII
yield
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Table 2. Cont.
Study Design/N C}r)i(t)eI:ia Protocol Key Outcomes Gona;:ttaropln Conclusions
Oocytes retrieved: lower
in CC group (p < 0.001)
Oocyte retrieval rate: NS
Group A: PPOS (HMG Maturation rate: NS Total HMG: Adding CC to
Retrospective 300 IU/d + MPA Fertilization rate: NS 2999 vs. 3399 PPOS lowers Gn
LiuAetal, co}?ort Bologna 10 mg/d) Viable embryo rate: NS IU, p < 0.001 dose and
2022 [34] n=578 criteria (POR) vs. CPR: OR 1.286 (95% CI Duration: 10.2 duration but does
B Group B: PPOS + CC 0.671-2.470) vs. 11.3d, not improve CPR
50 mg/d LBR: OR 1.390 (95% CI p < 0.001 or LBR in POR
0.478-3.990)
LH on trigger day: higher
with CC (p < 0.001)
FOI: significantly higher
CC priming: CC + in CC group Total Gn: CC priming
low-dose Gn + GnRH Gn dosage per follicle: sieni ﬁcanti increases ovarian
Retrospective antagonist significantly lower & lower y sensitivity (higher
LiuSetal, cohort Bologna (n =193 cycles) Cumulative ongoing PR: Gn/follicle: FOI, lower Gn per
2023 [35] n=29% criteria (POR) vS. aOR 0.761 (95% CI lower ’ follicle) without
(374 cycles) Classical flexible GnRH 0.300-1.933, p = 0.566) Duration: compromising
antagonist protocol Age, BMI, Gn/follicle, shorter ’ cumulative
(n =181 cycles) FOI negatively associated ongoing PR
with outcomes
Group 1: Gn 450 IU + Oocytes: Group 1 >
GnRH antagonist Groups 2 and 3
n=77) (p significant) CC reduces Gn
. vs. MII oocytes: Group 1 . consumption but
Sanverdi Retrospective I(DS;{ O}Z)ICStct’;Z Group 2: Gn 450 IU + superior siTgi[?ilcSr?ti does not improve
etal., 2018 cohort - Y microdose GnRH-a Embryos: Group 1 st Y key reproductive
[36] n=214 or cycle (n=84) superior lower in Group outcomes vs
cancellation) e . 3 (p <0.001) . ’
vs. CPR: highest in Group 3 high-dose
Group 3: CC 100 mg/d (NS) stimulation
+Gn 300 IU + No significant difference
antagonist (n = 53) in CPR between groups
Retrieved oocytes: higher
in CC-EGn EGn
CC50mg/d + EGn Fertilized oocytes: higher EGn added supplementation
Minimal (75-150 IU if FSH < 15) in CC-EGn onlv if increases oocyte
Karakid Retrospective - - (CC-EGn, n =223) Cleaved embryos: higher Y . yield but not
arakida . stimulation - FSH < 15: .
etal.. 2020 (propensity population Vvs. in CC-EGn 751U cumulatllve LBR;
[3’7] score matched) (serum CC 50 mg/d alone (CC, Cryopreserved (FSH 10-15) start with CC
: n =446 FSH-based) n=223) blastocysts: higher in 150 TU only and add
(Propensity score CC-EGn (FSH < 10) EGn if
matched 1:1) Cumulative LBR: endogenous Gn
comparable (OR 1.193 vs. insufficient
1.553 per oocyte)
E2 levels: significantly
higher with CC (p < 0.05)
Follicles: significantl
Cycle 1: hMG 300 IU/d more with ng(p < 0.0};) CC addition to
+ GnRH antagonist 0 g i
ocytes: significantly high-dose hMG
(hMG group) more with CC (p < 0.05) enhances
Triantafyllidou Prospective Bologna s Embryos: si. nifican.tl Both groups: laborator
y cohort criteria (POR Cycle 2: CC 100 mg yOs: Sig Y groups: Y
etal., 2020 a . . more with CC (p < 0.05) hMG 300 IU/d response but
[38] n=12 with previous  (d3-7) + hMG 300 1U/d Cancellation: significantl (identical dose)  small sample size
g (crossover) failed IVF) + GnRH antagonist -8 y P

(CC-hMG group)
(Same patients,
sequential cycles)

lower with CC
CPR: 2 clinical
pregnancies — 2 live
births (CC-hMG)
3 biochemical pregnancies
(CC-hMG)

precludes
conclusions on
clinical outcomes
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Study Design/N C}r)i(t)eI:ia Protocol Key Outcomes Gona;:ttaropln Conclusions
CC + low-dose
Cycle1(Group 1): Long 5+ tec: 726 + 1.95 vs. rFSH yielded
Unsuspected GnRH-a + high-dose Gn 598 £1.31,p=0.03 more oocytes and
. (>1501U/d) ) I . Total rFSH: .
Retrospective poor IVF T s Cumulative PR: 51% vs. sienificant] better cumulative
Ochin et al., (before-after) result Vs 9.2%, p < 0.0001 gL Y PR, but
2018 [39] n =65 (130 (predicted Cycle 2 (Group 2): CC Patients without embryos: lower in CC before-after
les) 1 50 mg + low-dose rFSH 12.3% vs. 33.9%. p < 0 0001' group (75-112.5 desi d
cycles norma (75-112.5TU/d) 070 VS 9350 P = vs. >1501U/d) . ceognan
responders) s tient Note: crossover design, different protocol
ame patients, different protocol types types limit
sequential cycles) L
generalizability

AFC, antral follicle count; AMH, anti-Miillerian hormone; aOR, adjusted odds ratio; BMI, body
mass index; CC, clomiphene citrate; CI, confidence interval; COC, cumulus-oocyte complex; CPR,
clinical pregnancy rate; d, day; DOR, diminished ovarian reserve; E2, estradiol; EGn, exogenous
gonadotropin; EMT, endometrial thickness; FOI, follicle-to-oocyte index; FSH, follicle-stimulating
hormone; Gn, gonadotropin; GnRH, gonadotropin-releasing hormone; GnRH-a, GnRH agonist;
hMG/HMG, human menopausal gonadotropin; IU, international units; IVF, in vitro fertilization;
LBR, live-birth rate; LH, luteinizing hormone; MII, metaphase II; MPA, medroxyprogesterone ac-
etate; NS, not significant; OR, odds ratio; POR, poor ovarian response; PPOS, progestin-primed
ovarian stimulation; PR, pregnancy rate; RCT, randomized controlled trial; rFSH, recombinant FSH;
VS., Versus.

4.1. Stimulation Protocols Evaluated

GnRH antagonist-based protocols were the most common, using either standard or
flexible antagonist regimens [29-32,35,36,38]. Two studies used microdose GnRH agonist
flare protocols [31,36]. Progestin-primed ovarian stimulation (PPOS) was evaluated in
one retrospective cohort study [34]. “Long CC” protocols, in which women receive CC
throughout the entire stimulation period in order to reduce doses of gonadotropins and
prevent premature ovulation by blocking the positive feedback loop through its anti-
estrogenic effect, have also been reported [33]. The effect of CC priming prior to the
initiation of gonadotropin stimulation was also evaluated in a separate retrospective cohort
study [35]. Gonadotropin doses varied widely among studies, ranging from 75-150 IU/day
to 300450 IU/day, allowing the effect of CC to be evaluated across the full range of
stimulation intensity.

4.2. Gonadotropin Consumption and Stimulation Duration

In almost all protocols, the addition of CC was strongly associated with reduced
gonadotropin consumption. This effect was observed across the full range of stimulation
doses: in mild or low-dose regimens [30,37,39,40], in high-dose strategies [36,38], and
in PPOS cycles [34]. Liu et al. reported that adding 50 mg/day CC to a PPOS protocol
reduced the total human menopausal gonadotropin (hMG) dose (2998.63 £ 1051.09 vs.
3399.18 & 820.75 IU, p < 0.001) and stimulation duration (10.21 & 3.56 vs. 11.27 £ 2.56 days,
p <0.001) [34]. In the randomized trial by Pilehvari et al., a minimal-stimulation regi-
men combining CC 100 mg/day with hMG 150 IU/day required substantially less go-
nadotropin than a conventional antagonist protocol using at least 300 IU/day (1046 =+ 596
vs. 2806 & 583 IU) [30]. More recently, Mandelbaum et al. showed that a “long CC”
protocol, in which ongoing CC stimulation was used throughout the cycle of a GnRH
antagonist stimulation protocol, achieved comparable mature oocyte yields to the standard
5-day CC regimen plus antagonist protocol (median 5 vs. 4.5, p = 0.922) but significantly
reduced the total dose of gonadotropins and the incidence of premature ovulation (0.3% vs.
3.0%, p = 0.019) [33]. Similar outcomes—decreased total dose of gonadotropins, shortened
stimulation periods, and increased follicle-to-oocyte ratios—were achieved with the CC-
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priming protocol described by Liu et al. when compared with a conventional antagonist
protocol [35].

4.3. Reproductive Outcomes

In contrast, the impact of CC on the main reproductive endpoints was largely neutral.
Most studies reported a comparable number of oocytes and embryos in CC and non-CC
regimens [30,33,34,36,37]. However, Siristatidis et al. reported a significantly lower oocyte
yield with a mild CC-based protocol compared with conventional stimulation (median
1 vs. 3, p < 0.001) in 58 Bologna-defined poor responders. Nevertheless, the clinical
pregnancy rate (12.1% vs. 20%, p = 0.412) and live-birth rate (9.1% vs. 12%, p = 0.719) were
similar between the two groups [29]. Similarly, in PPOS cycles the addition of CC was
not associated with significant differences in clinical pregnancy rate (OR 1.286, 95% CI
0.671-2.470, p = 0.441) or live-birth rate (OR 1.390, 95% CI 0.478-3.990) after adjustment for
confounders [34].

Only one randomized trial reported superior outcomes with a non-CC strategy. Schim-
berni et al. found higher clinical pregnancy rates with the short GnRH agonist protocol than
with the CC-based and GnRH antagonist protocols (29.3% vs. 5.9% vs. 14.1%, p = 0.028).
The implantation rate was significantly lower in the CC group (4.8%) than in both the GnRH
antagonist (9.3%, p = 0.040) and the short GnRH agonist groups (19.2%, p = 0.003) [31].

Four studies suggested some benefit of CC co-administration, mainly in laboratory
parameters. Moffat et al. conducted a double-blinded, placebo-controlled RCT including
114 Bologna-defined poor responders divided into four groups. Patients who received
CC 100 mg (days 3-7) in combination with low-dose gonadotropins (150 IU/day) had a
significantly higher number of blastocysts than all other protocols (1.77 vs. 0.83, p = 0.006),
despite a similar oocyte yield. The overall live-birth rate across all groups was 12.3% [32].
Liu et al. found a higher follicle-to-oocyte index following CC priming; however, the
cumulative ongoing pregnancy rates did not differ (adjusted OR 0.761, 95% CI 0.300-1.933,
p = 0.566) [35]. Triantafyllidou et al. found that adding CC to high-dose hMG (300 IU/day)
resulted in higher estradiol, more follicles, more oocytes, more embryos, and lower cancel-
lation rates, but without improvement in clinical pregnancy or live-birth rates [38]. Ochin
et al. reported a higher oocyte yield and improved cumulative pregnancy rates with a
combination of CC plus low-dose rFSH (75-112.5 IU/day) compared with a long GnRH
agonist protocol (>150 IU/day). However, this was a before—after observational study in
the same patients (n = 65), which limits the strength of these conclusions [39].

5. Discussion

In this mini-review, we evaluated 12 studies that investigated the use of CC in com-
bination with gonadotropins for the treatment of women with DOR or POR undergoing
IVE/ICSI over the last decade. The main finding was that the addition of CC reduced go-
nadotropin doses and sometimes improved stimulation characteristics but did not translate
into improved reproductive outcomes, including clinical pregnancy and live-birth rates.

5.1. The Gonadotropin-Sparing Advantage

From a pharmacoeconomic perspective, the main advantage of CC co-administration
is reduced gonadotropin consumption. This has been demonstrated by several studies and
meta-analyses, including large randomized and comparative studies. In the meta-analysis
by Bechtejew et al., which pooled a large number of randomized and comparative studies
comprising more than 1000 treatment cycles in which CC was co-administered with go-
nadotropins, the total amount of FSH required for ovarian stimulation was significantly
reduced [18]. Youssef et al. also estimated the reduction in the required dose per cycle,
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which averaged 1700 to 2000 IU across all studies (WMD = —2027; 95% CI —2583 to —1470;
p < 0.00001), with a significant reduction in the duration of stimulation as well (WMD
—1.79 days, 95% CI —2.75 to —0.84) [16]. The same result was observed in other stud-
ies [30,34,35]. The combination of low-dose gonadotropins with CC reduces gonadotropin
expenditure per initiated cycle and may reduce treatment burden, which is of particular
relevance in less affluent settings where the cost of medication is a major concern. Its
cost-effectiveness per live birth, however, remains uncertain, and the approach does not
change live-birth rates.

5.2. Clinical Outcome Neutrality

Most studies showed neutral effects on the major clinical outcomes. Oocyte yield, em-
bryo numbers, clinical pregnancy rates, and live-birth rates were similar across the various
stimulation protocols using CC compared with their respective controls [29,30,33,34,36,37].
Three meta-analyses confirmed these neutral effects. Bechtejew et al. reported no significant
difference in clinical pregnancy (RR 1.0, 95% CI 0.8-1.4) or live-birth rates (RR 0.9, 95% CI
0.6-1.2) in poor responders [18]. Youssef et al. found no difference in ongoing pregnancy
rates between women treated with gonadotropins combined with oral compounds and
those treated with high-dose gonadotropins alone (RR 0.90, 95% CI 0.63-1.27) [16]. Zhang
et al., in a network meta-analysis of adjuvant stimulation protocols in POR, ranked CC the
lowest of the 10 interventions for clinical pregnancy (SUCRA 14.1%) and reported neutral
effects of CC co-administration on reproductive outcomes (OR 0.60, 95% CI 0.17-2.15)
despite lower medication use (WMD —1760 IU, 95% CI —2890.55 to —629.45) [15]. This
evidence is further supported by a Cochrane analysis, which showed that live-birth rates
with CC-gonadotropin stimulation protocols were similar to those achieved with conven-
tional stimulation in poor responders [41]. Furthermore, the most recent systematic review,
by Conforti et al., included a total of 38 randomized controlled trials in which patients
were recruited according to the POSEIDON criteria. There was no evidence of benefit of
standard management over CC co-treatment on either clinical pregnancy or live-birth rates
in women with DOR, based on the available evidence, as shown in this POSEIDON-focused
review [22]. Our conclusions are therefore concordant with this POSEIDON-specific evi-
dence, and the inclusion of the broader, partly non-randomized literature did not alter that
interpretation: the contribution of the non-randomized studies was to describe protocol
variants not represented among the randomized trials rather than to modify the estimate
of effect.

The applicability of these findings across the subgroups of low-prognosis patients
nevertheless requires explicit qualification, since DOR and POR are not single entities. The
evidence summarized here cannot be extrapolated equally to POSEIDON groups 1 and
2, in whom ovarian reserve markers are adequate and the low response is unexpected;
to POSEIDON groups 3 and 4, in whom reserve markers are reduced and low response
is predicted; to Bologna-defined poor responders, in whom a previous low response
is a formal diagnostic requirement; or to women with DOR who have not previously
undergone stimulation and in whom response is unknown. The obstacle is one of data
rather than of interpretation: none of the studies included here reports outcomes stratified
by POSEIDON group, and several define their populations by centre-specific criteria
alone. Any subgroup-specific conclusion offered would therefore be inference rather than a
finding of the evidence. What can be said is that the largest POSEIDON-specific synthesis
available, comprising 38 randomized trials [22], and the broader synthesis presented here
are concordant in finding no difference in live birth, and that the evidence base is weakest
precisely where prognosis is poorest, in POSEIDON group 4. The value of the POSEIDON
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framework in standardizing low-prognosis populations, and the limitations that remain in
its clinical application, have recently been reviewed in detail [42].

These findings are consistent with the randomized non-inferiority trial of Ragni et al.,
in which women with compromised ovarian reserve were allocated to stimulation with CC
alone (150 mg/day, days 3-7) or to a short GnRH agonist protocol with recombinant FSH
450 IU daily [43]. Although the high-dose gonadotropin arm retrieved more oocytes and
achieved embryo transfer more frequently, the delivery rate per started cycle did not differ
significantly between the groups (3% vs. 5%, p = 0.77). It should be noted that this trial was
terminated before the planned sample size was reached and was therefore underpowered,
a limitation that recurs throughout this literature.

5.3. Potential Laboratory Benefits

Some studies have suggested a possible positive effect of CC on laboratory outcomes.
Several have reported an increase in follicle number [38,40] or oocyte yield [30,38,39] in
patients receiving CC in stimulated protocols. In addition, some studies have reported
increases in the number of embryos or blastocysts obtained [32,38,40].

In a recently published study, Moffat et al. reported that significantly more blastocysts
were generated using CC and low-dose gonadotrophin (150 IU/day) than with any other
treatment group, despite a similar oocyte yield among all treatment groups. These findings
could suggest that CC affects oocyte development and quality in addition to affecting the
process of follicular recruitment, although this observation requires confirmation in larger
studies [32]. The biological activity of CC may be mediated by an increase in endogenous
gonadotropin release, thereby augmenting cohort recruitment and stimulation efficiency.
In primate studies, intraovarian androgens influenced by the LH-stimulated theca cell
have been shown to promote the growth of early follicles and increase FSH receptors on
granulosa cells [20,21]. This synergistic action of androgens and FSH may be one reason
supporting the gonadotropin-sparing effect and may also enhance follicular growth in
cycles with CC. An alternative and equally plausible explanation for the blastocyst finding
is that lower gonadotropin exposure itself is beneficial, by avoiding the recruitment of folli-
cles containing developmentally incompetent oocytes and by limiting supraphysiological
steroid concentrations during the follicular phase. The available data do not permit these
two mechanisms to be distinguished. Moreover, these findings were mostly derived from
small, single-centre cohorts and were not always associated with improved live-birth rates.
Notably, Ochin et al. reported significantly higher oocyte yields and cumulative pregnancy
rates with CC plus low-dose rFSH compared with a long GnRH agonist protocol. This
study’s favourable outcomes have undergone significant criticism and should therefore be
interpreted with caution [39].

5.4. Endometrial Effect

Although CC treatment is generally considered clinically neutral, some concerns have
been raised about its anti-estrogenic effects on the endometrium. A thinner endometrium
and lower implantation and pregnancy rates were found in the CC group compared with
both antagonist- and agonist-based stimulation [31]. Moffat et al. also observed lower
endometrial thickness in the CC-receiving groups [32]. Lu et al. provided further evidence
in a large retrospective study of intrauterine insemination cycles, demonstrating that CC
was associated with significantly thinner endometrium compared with gonadotropin-only
cycles (median 6.8 vs. 8.3 mm, p < 0.001). Interestingly, in CC co-treated cycles endometrial
thickness was positively associated with clinical and ongoing pregnancy rates, whereas no
such association was observed in gonadotropin-only cycles [44]. As outlined in Section 2,
this effect is a direct consequence of estrogen-receptor blockade and depletion in the
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endometrium, compounded by the prolonged persistence of the zuclomiphene isomer [24].
Consequently, monitoring of endometrial development in women treated with CC should
be meticulous. In the event of suboptimal endometrial thickness, a segmented (freeze-all)
strategy may be the better approach to minimize potential adverse effects on implantation
and to allow embryo transfer in a subsequent cycle.

5.5. Cost, Treatment Burden and Patient-Centred Outcomes

Because CC does not improve live birth, its clinical justification rests largely on con-
siderations of cost, tolerability and treatment burden—outcomes that are of considerable
importance to patients but are inconsistently reported in the trials reviewed here.

The magnitude of the drug-cost saving is substantial. In the trial by Pilehvari et al., the
minimal-stimulation arm used approximately 1760 IU less gonadotropin per cycle than the
conventional arm [30], and pooled estimates indicate average reductions of 1700-2000 IU
per cycle [16]. Given that gonadotropins represent the dominant pharmaceutical cost of
an IVF cycle, this translates into a meaningful reduction in expenditure per initiated cycle.
The economic analysis embedded within the trial of Ragni et al. is nevertheless instructive:
although the CC arm was markedly less expensive per cycle, the mean estimated cost
per delivery was 81,294 euros with CC compared with 113,107 euros with high-dose
gonadotropins [43]. Both figures are strikingly high and illustrate that in women with
compromised ovarian reserve the cost per live birth is driven overwhelmingly by the low
absolute probability of success rather than by the price of the stimulation regimen. A
cheaper cycle is therefore not automatically a cost-effective one, and cost per live birth
rather than cost per cycle should be the metric of interest. Five economic endpoints must
be kept distinct in this field: cost per initiated cycle, cost per oocyte, cost per embryo or
blastocyst, cost per clinical pregnancy and cost per live birth. Only the last constitutes a
formal measure of cost-effectiveness, and only a full economic evaluation can establish it;
the data available for CC co-treatment address principally the first.

Beyond direct cost, CC-containing regimens reduce the number of subcutaneous
injections and, in some protocols, the number of monitoring visits and the duration of stim-
ulation [16,34]. In the “long CC” protocol described by Mandelbaum et al., continuous CC
administration eliminated the need for a GnRH antagonist altogether while simultaneously
reducing premature ovulation [33]. Mild-stimulation approaches have also been associated
with better tolerance and lower treatment-related stress [45]. For couples self-funding
treatment, or for those in whom repeated cycles are anticipated, these considerations may
reasonably influence protocol selection even in the absence of a difference in live birth.
Conversely, the higher cycle-cancellation rate observed with mild CC-based protocols in
some studies—36.4% versus 12% in the trial of Siristatidis et al. [29]—represents a real
burden of its own, and should be discussed explicitly with patients during counselling.

5.6. Clomiphene Citrate in the Context of Other Adjuvant Strategies

Clomiphene citrate is one of a number of adjuvant strategies proposed for poor
responders, and its performance is best appraised comparatively.

Letrozole, a third-generation aromatase inhibitor, shares with CC the property of aug-
menting endogenous gonadotropin secretion, but achieves this by suppressing estradiol
synthesis rather than by blocking estrogen receptors, and additionally raises intrafollicular
androgen concentrations [19]. Randomized data comparing letrozole co-treatment with
conventional antagonist protocols in Bologna-defined poor responders have generally
shown reduced gonadotropin requirements without a significant improvement in preg-
nancy outcomes [46,47], mirroring the pattern observed with CC. A potential advantage
of letrozole is the absence of the peripheral antiestrogenic effect on the endometrium, and
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comparative studies in gonadotropin-stimulated cycles have reported greater endometrial
thickness with letrozole than with CC [19]. Adjunctive letrozole has also been incorporated
into antagonist protocols specifically designed for poor responders [48]. The Cochrane re-
view of oral agents combined with gonadotropins concluded that neither CC nor aromatase
inhibitors improved live birth relative to conventional stimulation [41]. No head-to-head
randomized comparison of CC with letrozole in women with DOR or POR was identified
by our search; the comparison presented in this section is therefore indirect and is subject
to the limitations attending all indirect comparison.

Androgen-based strategies have been explored on the basis of the same intraovarian
rationale that underlies part of the CC effect. Transdermal testosterone pretreatment was
shown in a randomized trial to improve the ovarian response to gonadotropins in low
responders [49], and dehydroepiandrosterone, coenzyme Q10 and growth hormone have all
been evaluated as adjuvants. Network meta-analyses of these interventions have generally
found improvements in intermediate endpoints such as oocyte number or embryo quality,
with inconsistent and low-certainty evidence regarding live birth [15]. In the network
meta-analysis by Zhang et al., CC ranked lowest among ten interventions for clinical
pregnancy [15]. It is important to interpret such rankings cautiously, since they are derived
largely from small trials with heterogeneous populations and wide credible intervals.

Reflecting this overall uncertainty, the 2019 ESHRE guideline on ovarian stimula-
tion concluded that none of the evaluated pre-treatments and adjuvant therapies could
be recommended for the purpose of improving outcomes in poor responders; the 2025
update devotes particular attention to this question, and clinicians are advised to consult
the current recommendations directly [23]. The 2025 update also moves away from the
term poor response toward low response, in order to avoid implying prognosis from the
response category alone; poor ovarian response is retained in this review for consistency
with the terminology of the primary studies reported, while the shift is acknowledged,
and predicted low response is distinguished from unexpected low response where the
evidence permits. Substantively, the guideline states as a conditional recommendation,
on moderate-to-low certainty evidence, that in predicted low responders CC alone, CC
combined with gonadotropins, and gonadotropin stimulation alone are probably equally
recommended [23]. This position is directly concordant with the principal conclusion of
the present review, namely that CC co-treatment reduces gonadotropin exposure without
evidence of a difference in live birth. The practical implication is that no adjuvant, including
CC, can currently be offered to women with DOR on the basis of an expected improvement
in live birth.

5.7. Alternative Stimulation Strategies

Because adjuvant pharmacotherapy has not resolved the problem of poor response,
attention has increasingly shifted towards alternative stimulation architectures.

Mild stimulation, of which CC-based regimens are a principal example, has been
evaluated extensively. In a systematic review and meta-analysis of randomized trials
comparing mild (<150 IU daily) with conventional stimulation, Datta et al. found no
significant difference in live-birth rate in poor responders, together with lower cost and
reduced risk of ovarian hyperstimulation syndrome [45]. Earlier randomized comparisons
of mild and long protocols in women with expected poor responsiveness reached similar
conclusions [50]. At the extreme of this spectrum, Lainas et al. compared modified natural
cycle IVF with high-dose FSH stimulation in poor responders and reported comparable
live-birth rates [51], reinforcing the observation that in this population the recruitable
follicular cohort, rather than the intensity of stimulation, is the limiting factor.
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The strategies considered in this section lie outside the central question of this review
and are presented as the broader context of individualized treatment for low-prognosis
patients, rather than as alternatives directly compared with CC co-treatment. Double stim-
ulation in the follicular and luteal phases of the same cycle (DuoStim), originally described
as the Shanghai protocol [52], allows two oocyte retrievals within a few weeks. Multicentre
experience in poor-prognosis patients has shown that oocytes obtained after luteal-phase
stimulation are of comparable developmental competence to those obtained in the follic-
ular phase [53,54], and DuoStim may therefore shorten the time required to accumulate
a sufficient cohort of oocytes or euploid blastocysts. Whether this efficiency advantage
translates into higher cumulative live-birth rates than two consecutive conventional cycles
remains uncertain.

Progestin-primed ovarian stimulation, in which an oral progestin replaces the GnRH
antagonist for the prevention of a premature LH surge, offers a further patient-friendly and
inexpensive option in a freeze-all setting; as reported by Liu et al., the addition of CC to a
PPOS protocol further reduced gonadotropin consumption without altering reproductive
outcomes [34]. Comparative studies of mild versus conventional stimulation in poor
responders have likewise reported broadly equivalent clinical results [55].

5.8. Clinical Implications

Taken together, the evidence supports a pragmatic and individualized position.
Clomiphene citrate co-treatment can be regarded as a legitimate option for women with
DOR or POR, chosen not because it improves the probability of a live birth but because
it achieves an equivalent probability at lower pharmaceutical cost and with a reduced
injection burden. It is likely to be most attractive for patients who are self-funding treat-
ment, who prioritize a less demanding regimen, or who are undergoing repeated cycles for
oocyte or embryo accumulation. Where a fresh embryo transfer is planned, endometrial
thickness should be monitored carefully and a freeze-all approach considered if devel-
opment is suboptimal; where a segmented strategy is already intended, the endometrial
disadvantage of CC becomes largely irrelevant. Conversely, CC should not be presented
to patients as a means of improving their chance of a baby, and the possibility of a higher
cycle-cancellation rate should be disclosed. Above all, realistic counselling regarding the
low absolute live-birth rates achievable in this population remains more valuable than the
choice between individual stimulation protocols.

6. Limitations

Several limitations of the current evidence base must be acknowledged. First, the
included studies were of diverse designs (both randomized and observational) and varied
widely in their stimulation protocols, gonadotropin doses, patient inclusion criteria, and
primary outcomes. Second, and most importantly, most of the included studies were
underpowered to detect clinically relevant differences in live-birth rates, which should
be regarded as the most important, “gold-standard” clinical outcome in ART research;
several trials, including that of Ragni et al., were terminated before reaching their planned
sample size [43]. Third, population heterogeneity was a major issue: only four studies
were RCTs [29-32], with a large variation in sample size (58 to 250 patients). Fourth, in
several studies POR was defined by centre-specific criteria instead of standardized criteria
such as the Bologna or POSEIDON criteria, which limits comparability across studies and
impedes the application of findings to the POSEIDON subgroups most likely to benefit.
Fifth, cumulative live-birth rate per started cycle—arguably the most meaningful endpoint
in a population undergoing repeated treatment—was reported in only a minority of studies,
and patient-centred outcomes such as treatment burden, tolerability and dropout were

https:/ /doi.org/10.3390/reprodmed7030044


https://doi.org/10.3390/reprodmed7030044

Reprod. Med. 2026, 7, 44

16 of 19

rarely quantified. Finally, a major limitation is that the present review was not registered in
PROSPERO. In addition, a formal meta-analysis was not performed because of substantial
clinical heterogeneity, and the review was restricted to publications in the English language,
so that language and publication bias cannot be excluded. A further source of heterogeneity
is aetiological rather than definitional: the designation of DOR encompasses women whose
reduced reserve is idiopathic, age-related, iatrogenic or the consequence of ovarian surgery,
and outcomes appear to differ accordingly, with impaired IVF outcomes and live-birth
rates reported after endometrioma cystectomy compared with idiopathic DOR [56]. None
of the studies included here stratifies its population in this way, so that the possibility
that response to CC is modified by the underlying aetiology of reduced reserve cannot be
examined and remains an open question; the disproportionate attrition between oocyte
retrieval, blastocyst formation and the availability of a euploid embryo in the most severely
affected groups [57] further limits the transferability of aggregate estimates to the individual
patient. Lastly, the search was conducted with free-text terms alone and without controlled
vocabulary, which constrains its exact reproducibility; references [42,56,57] postdate the
closure of the search window and are cited for context only, without contributing to the
evidence synthesis.

7. Conclusions

Combining CC with gonadotropins may be a reasonable alternative for women with
POR: it reduces gonadotropin expenditure per initiated cycle and may reduce treatment
burden, although its cost-effectiveness per live birth remains uncertain. Several studies have
shown that CC reduces the total dose of gonadotropins required and shortens the duration
of stimulation. Across mild, standard, and high-dose CC regimens, oocyte yield, clinical
pregnancy rates, and live-birth rates were comparable to those obtained with conventional
protocols. In this respect CC behaves similarly to letrozole and to the other adjuvants
evaluated in this population: it modifies the treatment process without altering its outcome.
Meaningful improvements in live-birth rates with current practice are rare, and close
attention to endometrial development is warranted when a CC-based strategy is chosen.
The principal value of CC therefore lies in reducing cost and treatment burden for a given
probability of success, a trade-off that should be made explicit during patient counselling.
Larger, well-powered, multicentre randomized controlled trials with cumulative live-birth
rate as the primary endpoint, recruiting patients stratified according to the POSEIDON
criteria and reporting economic and patient-centred outcomes alongside clinical ones, are
needed to definitively establish the role of CC in the management of poor ovarian response.
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