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background: A substantial minority of women undergoing IVF will under-respond to controlled ovarian hyperstimulation. These
women—so-called ‘poor responders’—suffer persistently reduced success rates after IVF. Currently, no single intervention is unanimously
accepted as beneficial in overcoming poor ovarian response (POR). This has been supported by the available research on POR, which consists
mainly of randomized controlled trials (RCTs ) with an inherent high-risk of bias. The aim of this review was to critically appraise the available
experimental trials on POR and provide guidance towards more useful—less wasteful—future research.

methods: A comprehensive review was undertaken of RCTs on ‘poor responders’ published in the last 15 years. Data on various methodo-
logical traits as well as important clinical characteristics were extracted from the included studies and summarized, with a view to identifying
deficiencies from which lessons can be learned. Based on this analysis, recommendations were provided for further research in this field of assisted
conception.
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results: We selected and analysed 75 RCTs. A valid, ‘low-risk’ randomization method was reported in three out of four RCTs. An improving
trend in reporting concealment of patient allocation was also evident over the 15-year period. In contrast, ,1 in 10 RCTs ‘blinded’ patients and
,1 in 5 RCTs ‘blinded’ staff to the proposed intervention. Only 1 in 10 RCTs ‘blinded’ ultrasound practitioners to patient allocation, when asses-
sing the outcome of early pregnancy. The majority of trials reported an intention-to-treat analysis for at least one of their outcomes, with an im-
proving trend in the recent years. Substantial variation was noted in the definitions used for ‘poor responders’, the most popular being ‘low ovarian
response at previous stimulation’. The preferred cut-off value for defining previous low response has been ‘less or equal to three retrieved
oocytes’. The most popular tests used for diagnosing diminished ovarian reserve have been antral follicle count and FSH. Although the
Bologna criteria for POR were only recently introduced, they are expected to become a popular definition in future ‘poor responder’ trials. Nu-
merous interventions have been studied on ‘poor responders’. Most of these have been applied before/during controlled ovarian hyperstimula-
tion. The antagonist protocol, the microdose flare protocol and the long down-regulation protocol have been among the most popular
interventions. The analysis of outcomes revealed a clear improving trend in reporting live birth. In contrast, only 10% of RCTs reported significant
improvement in reproductive outcomes among tested interventions. Twelve ‘significant’ interventions were reported, each supported by a single
‘positive’ RCT. Finally, trials of higher methodological quality were more likely to have been published in a high-impact journal.

conclusions: Overall, the majority of published trials on POR suffer from methodological flaws and are, thus, regarded as being high-risk for
bias. The same trials have used a variety of definitions for their poor responders and a variety of interventions for their head-to-head comparisons.
Not surprisingly, discrepancies are also evident in the findings of trials comparing similar interventions. Based on the identified deficiencies, this
novel type of ‘methodology and clinical’ review has introduced custom recommendations on how to improve future experimental research in the
‘poor responder’ population.
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Introduction
Since the conception of IVF, it has become apparent that a proportion of
women respond suboptimally to controlled ovarian hyperstimulation
with exogenous gonadotrophins (Tanbo et al., 1990). These women,
so-called ‘poor responders’, may suffer persistently low success rates
with IVF (Oudendijk et al., 2012; Busnelli et al., 2015). Despite being a
popular theme for research, optimal management of poor ovarian re-
sponse (POR) remains an unsolved enigma, with no single intervention
being widely accepted as beneficial (Pandian et al., 2010).

The aim of this review was to critically appraise the available experi-
mental research on this topic, with a view to identifying deficiencies
from which lessons can be learned, thus improving future research.

Literature search
A comprehensive search of MEDLINE and the Cochrane Central Regis-
ter of Controlled Trials (CENTRAL) was undertaken for randomized
controlled trials (RCTs) between January 2000 and December 2014,
using the following keywords: (poor adj5 respon$ OR low adj5
respon$ OR suboptimal adj5 respon$ OR inadequate adj5 respon$)
AND (in-vitro fertili?ation OR IVF OR intracytoplasmic sperm injection
OR ICSI OR assisted conception). Only full RCT publications on poor
responders were included, from which we were able to collect detailed
clinical and methodological data. The references of the included studies
were also hand-searched for relevant RCTs potentially missed by the
electronic search. In addition, we hand-searched the references of any
systematic reviews on ‘poor responders’ that were published in the
last 10 years. One of the authors (A.P.) has his own repository of
‘poor responder’ trials, having conducted similar searches towards
other publications; this was also checked for relevant trials. In view of
the large number of retrieved articles through this combined approach
(687 unique articles), two reviewers (A.P. and B.J.S.) independently
screened these articles to ensure that no relevant studies were missed.

Finally, a total of 75 unique RCTs were included in this review (Supple-
mentary data, Table SI).

Methods
This review was conducted on two levels: methodological and clinical.

Methodologically, we evaluated a series of standards that are known to
affect the validity of RCTs.

In detail, we assessed:

(i) If individual studies reported the preferred method of randomization
or allocation concealment.

(ii) If ‘blinding’ of patients or personnel was performed and how this was
achieved.

(iii) If the assessors of the outcome were also ‘blinded’ and how this was
achieved.

(iv) If a CONSORT flowchart was included.
(v) If the outcomes were reported on an intention-to-treat (ITT) basis. An

ITT analysis typically is performed ‘per randomized woman’.
(vi) Which reproductive outcomes were reported. We focused on live

birth, as it is the most critical reproductive outcome, and miscarriage
as the main adverse outcome in fertility.

(vii) Selective reporting of outcomes. A common issue with selective report-
ing is when only significant outcomes are reported but non-significant
outcomes from the same study are omitted. Therefore, we looked at
the protocols of studieswith statistically significant pregnancy outcomes,
aiming to ascertain if any non-significant outcomes were potentially
omitted by the final publication.

(viii) How manystudies stated a primary outcome or performed sample size
calculations. We also collected data on the actual sample size of the
included RCTs.

We also aimed to evaluate a series of important clinical characteristics, such
as:

(i) ‘Poor responder’ definitions used in the literature. We expected that
substantial variations exist, which may hinder interpretation of results
across studies, thus contributing to clinical heterogeneity.
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(ii) Interventions and controls (comparators). We expected that combined
interventions or various choices of controls were used in POR research,
further contributing to heterogeneity.

(iii) Trials with significant results for their reproductive outcomes. These
studies may highlight interventions that warrant further research.

In order to identify time trends, we stratified the aforementioned data
according to 5-year intervals (2000–2004, 2005–2009 and 2010–2014).

Methodological trends

Randomization and allocation concealment
Seventy-seven per cent (58/75) of trials reported their preferred ran-
domization technique. Of these, 54 RCTs (72% of trials) reported a
valid ‘low-risk’ randomization technique, with ‘computer-generated
random number sequence’ being the preferred method. Reporting the
randomization method appears to have been a steady research priority
over the last 15 years, being more frequently reported than any other
methodological standard (Fig. 1). An upward trend in reporting conceal-
ment of patient allocation is also evident during the period concerned
(27% of RCTs in 2000–2004, 44% in 2005–2009, 56% in 2010–2014)
(Fig. 1). The preferred method for concealing allocation has been the
use of sealed envelopes. Twenty-one per cent of trials (16/75) reported
a low-risk concealment technique, the most popular being ‘sealed,
opaque envelopes’. Nevertheless, approximately one in four RCTs still
failed to report an adequate method of randomization and four in five
RCTs did not perform or report a low-risk method or concealment of
allocation.

When planning randomization, one should consider three important
questions: who/what will be randomized, how this will take place and
when. It is sensible to randomize the unit receiving the intervention;
in assisted conception trials, this could be the patient, the cycle, the
oocyte or the embryo. The choice of unit, however, may have substantial
implications for the reporting of certain outcomes. For example, when
randomizing cycles, it may not be straightforward to report patient-
based outcomes, unless each patient has undergone a single cycle only.
Otherwise, adjustments need to be made for the clustering effect
(multiple cycles in the same patient are correlated). It is fortunate that
the majority of proposed interventions in POR trials have been applied
on patients who undergo a single IVF cycle (93%), as this facilitates the
reporting of patient-friendly outcomes.

When considering the choice of randomization technique, random
number sequences are a prerequisite for genuine randomization. In
the context of RCT planning, pseudorandom sequences—generated
through a computer or a list—are ideal, as the number sequence can
be back-traced, if required (Machin et al., 2007). Although it does not
guarantee similarity in the baseline characteristics between groups,
genuine randomization ensures that each participant has an equal
chance of being allocated to any one of the study groups, thereby elim-
inating selection bias. Allocation based on the day of week, date of
birth, etc. is not truly randomized, as the researchers are able to guess
the nextpatient allocation. While there is not one best time to randomize
patients, it is desirable that randomization takes place close to the onset
of the intervention, as this will minimize the number of early drop-outs.

Allocation concealment guarantees that each participant receives the
intervention allocated by the randomization sequence. Strictly speaking,
sealed envelopes—the most popular method in POR trials—may still

be prone to manipulation. However, sealed and opaque envelopes can
effectively conceal allocation, even if one was to attempt reading the
contents of the envelope in front of a strong light source. Sequentially
numbered envelopes are also effective in concealing allocation, as long
as the envelope order is maintained. The use of internet randomization
is an alternative option that can achieve randomization and allocation
concealment by use of a single online system.

In the absence of these standards, bias may be introduced when allocat-
ing patients to study groups (selection bias) which could, in turn, affect the
sizeof the measured effect of the treatment (Schulz etal., 1995). RCTsthat
have not secured concealment of allocation may report up to 40% exag-
gerated estimates of the effect, compared with trials that have (Schulz
et al., 1995). This highlights the importance of addressing these two
methodological principles early in the design phase of POR RCTs.

‘Blinding’ of patients and personnel
Only 7% of studies (5/75) reported ‘blinding’ patients to the proposed
intervention. Patient ‘blinding’ was achieved by use of a ‘placebo’ prep-
aration in all studies except for one (in this single RCT, follicular flushing
was performed at the time of oocyte recovery without the patients being
aware). Overall, investigators were more frequently ‘blinded’ than
patients, without any appreciable changes during the 15-year period
(18% in 2000–2004, 16% in 2005–2009, 19% in 2010–2014) (Fig. 1).
Even so, a substantial majority of RCTs (around 80%) did not report
or apply any ‘blinding’ technique for the staff who managed the patients’
IVF cycles. The ultrasound practitioners who assessed the outcome (clin-
ical/ongoing pregnancy, miscarriage) were adequately blinded in �11%
(8/75) of studies (Fig. 1). In half of these, this was achieved through
patient ‘placebo’ administration.

The ideal scenario would be that both patients and staff are ‘blinded’ to
the received intervention. Otherwise, patient expectations could be
raised if they have been allocated to the ‘intervention’ or the ‘novel’
group or, inversely, lowered if they have been allocated to the
‘control’ or ‘conventional’ group (Machin et al., 2007). More importantly
without blinding, the staff managing patients’ cycles could be prone to de-
cision bias with respect to aspects of the treatment other than the inter-
vention under study, e.g. when deciding how to manage the stimulation
phase (changes of FSH dose and duration of stimulation). Although the

Figure 1 Frequency of reported standards that are relevant to the
risk of bias (presented in three 5-year intervals to display trends).
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accurate diagnosis of early pregnancy is greatly facilitated with the use of
modern, high-resolution ultrasound devices, it is still desirable to ‘blind’
the ultrasound practitioners at the time of pregnancy scan, as this will
minimize the risk of detection bias (Wood et al., 2008).

It is worth discussing this infrequent use of ‘blinding’. It is evident that
effective ‘blinding’ techniques could have been applied more frequently
in POR research. In our series, 17 RCTs investigating single add-on inter-
ventions that could have used a placebo for their control groups, opted
not to do so. For trials comparing various interventions, such as stimula-
tion protocols, introduction of placebos is inevitably a more complex but
still not an impossible task. Since IVF stimulation protocols typically
involve the administration of two types of drugs—a gonadotrophin
and a GnRH analogue—most protocol comparisons could potentially
be masked by use of a ‘double-dummy’ approach (Marusic and Ferencic,
2013).

Even in the absence of placebo, it is still possible to persevere with
participant or investigator ‘blinding’. When recruiting participants, it is
important to describe the received interventions in a factual way, but
also refrain from giving out detailed information on study design or re-
vealing if they belong to the experimental or control group (Page and
Persch, 2013). It is possible to have a third person deliver certain inter-
ventions, such as drug administration, with attention to concealing the
name and dose of these drugs from the patients; obviously, one should
account for the extra burden on staff resources before applying this mo-
dality. Participants can also be instructed not to reveal their allocated
group to any of the staff who are involved in their care. Moreover, staff
involved in routine IVF care should remain unaware of basic trial charac-
teristics, such as inclusion criteria, hypotheses and outcome measures.
Likewise, the assessors of outcomes are more likely to remain
‘blinded’ if they are unaware of the particulars of the trial and have
restricted access to the collected data (Minns Lowe et al., 2011). They
should not be the same staff that provided care during delivery of the
intervention, as this will minimize the opportunities of finding out
about individual allocations. Formal training of healthcare staff on how
to facilitate the proper conduction of the trial should be offered, as it
may also minimize the chance of breaking ‘blinding’ (Johnson and
Remien, 2003). Obviously, transparent reporting of all the steps under-
taken to secure ‘blinding’ is recommended. Of note is that this has not
been adequately addressed by POR trials so far.

Reporting of live birth, miscarriage
and surrogate markers
The earlier ‘poor responder’ RCTs did not report live birth, which is in
line with the low reporting frequency of the same outcome in subfertility
trials of the same era (Dias et al., 2006). This substantially improved in the
following years (32% in 2005–2009, up to 44% in 2010–2014), reflecting
the gradually increasing awareness of the importance of live birth as a re-
productive outcome (Fig. 1). During the last 5 years, live birth has been
the most popular critical outcome reported in POR RCTs, superseding
its old-time rival, clinical pregnancy. Miscarriage rates were rather con-
sistently reported only in 35% of RCTs during the study period (Fig. 1).
Most studies reported miscarriage per clinical pregnancy. However,
the precise definition of miscarriage was usually not clear.

There are arguments supporting the shift towards reporting live birth in
assisted conception studies. Live birth is the end-point of the fertility
journey and the desired outcome for couples undergoing treatment (the

consumers) (Chetkowski, 2014). While women welcome a positive preg-
nancy result, they ultimately judgesuccessby whetherornot they have had
a baby through the treatment. Likewise, state funders for IVF treatment
also consider live birth as the end-point, typically funding couples up to
the point of having their first baby (Lindstrom and Waldau, 2008). In the
case of poor responders, the older subgroup may be more prone to preg-
nancy loss (Slovis and Check, 2013). As a result, reporting only early preg-
nancy outcomes may not be adequate to capture all miscarriage cases.
However, these cases would be accounted for, if live birth was invariably
reported. There are further methodological advantages stemming from
the reporting of live birth. As an outcome, live birth is an objective and
indisputable outcome and, therefore, is not liable to detection bias. For
the same reason, it may also be less prone to bias from inadequate ‘blind-
ing’. In contrast, early pregnancy outcomes that are diagnosed by ultra-
sound are exposed to an element of subjectivity depending on the
practitioner performing the assessment. Various definitions for clinical
and ongoing pregnancyhave been used inprevious research, which, incon-
trast to live birth, give rise to challenges in outcome interpretation and
meta-analytic attempts.

Despite the improving trend in reporting reproductive outcomes, sur-
rogate markers, such as the number of retrieved oocytes, still remain
popular primary outcomes (43% of studies, 32/75). There are several
reasons why this happens. From a methodological viewpoint, demon-
strating clinical improvement in oocyte numbers rather than in pregnancy
rates requires a smaller sample size, translating into RCTs which are
more likely to come to completion (Machin et al., 2007). On the clinical
side, large observational series have correlated lower numbers of
retrieved oocytes with low live birth rates, leading to the erroneous
assumption that increasing the oocyte yield will improve reproductive
outcomes in the poor responder group (Steward et al., 2014). Many clin-
icians tend to favour proposed interventions that could improve oocyte
yield, even in the absence of higher pregnancy rates. A typical example
has been to opt for the antagonist protocol as the default protocol for
poor responders, based on the meta-analysis of a limited number of
RCTs that suggests higher oocyte numbers with this protocol (Pandian
et al., 2010; Patrizio et al., 2015). Within our series, most intervention
trials on POR (.80%) that have indeed demonstrated increased
oocyte yield, could not prove a concurrent increase in pregnancy
rates. Another false assumption is that the potential benefit of an inter-
vention during the stimulation stage is always delivered via improvement
in oocyte yield. As confirmed in our series, four trials of interventions that
were implemented during the stimulation phase led to improved repro-
ductive outcomes without associated improvement in the oocyte yield
(antagonist versus microdose protocol, added LH versus increased
FSH dose, 300 IU FSH dose versus 150 IU FSH dose, Day 4 FSH start
versus Day 1 FSH start). This implies that POR research should not
just focus on surrogate markers, but invest more on reproductive
outcomes, such as live birth.

CONSORT flowchart
A common challenge in the estimation of the size of the effect of a given
intervention is accounting for cases with unknown outcomes or withdra-
wals. Such cases, if unaccounted, may contribute to outcome bias (attri-
tion bias) (Tierney and Stewart, 2005).

The CONSORT statement has been a major contributor towards
improving the reporting of RCTs, since being widely publicized in 2001
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(Moher et al., 2001). An integral part of this statement is the CONSORT
flowchart, which details the patients’ pathway during the conduction of a
trial. An increasing number of publications on poor responders included
a CONSORT flowchart (9% in 2000–2004, 38% in 2005–2009, 53%
in 2010–2014) (Fig. 2). This improving trend likely follows the decision
taken by selected reproductive medicine journals to ask for a
CONSORT checklist to accompany every submitted RCT manuscript.
This is, however, not mandatory for the majority of journals that have
been publishing assisted conception trials.

ITT analysis
In the studied period, an increasing number of trials reported an ITT
analysis for at least one of their outcomes (55% in 2000–2004, 66% in
2005–2009, 72% in 2010–2014) (Fig. 2). It is worth mentioning that
the majority of trials in this review reported outcomes ‘per cycle’
rather than ‘per randomized woman’. However, they were still consid-
ered as having performed an ITT analysis, after confirming that the two
denominators were essentially the same (all randomized women in
these studies also received a single cycle of the intervention).

POR research consists mostly of ‘superiority’ trials, which aim to assess
if a novel intervention is better than conventional care. For these trials, an
ITT analysis is considered the least biased way of estimating the true effect
of the intervention under study. Some aspects of ITT analysis may appear
counter-intuitive toclinicians. Forexample, cases randomizedtoone inter-
vention but ending up receiving another would still be included in their ori-
ginally assigned group according to ITT analysis. Clinically, it would make
sense to count these cases under the arm of the intervention actually
received; however, this would result in ‘breaking’ the randomization
order. In the case of withdrawals, exclusion from analysis would introduce
attrition bias; however, this can be accounted for by performing an ITT
analysis.

Research in assisted conception is well suited for promoting ITT ana-
lysis. In the majority of IVF studies—including POR trials—patients tend
to receive the interventions assigned to them by randomization. For
single cycle trials, a ‘per protocol’ or ‘per started cycle’ analysis would
then be identical to an ITT analysis. Moreover, it is not common for
women undergoing IVF to withdraw or go missing, particularly when

the study is completed within a short time frame, e.g. when studying
single cycles. Even for later occurring outcomes, such as live birth,
most IVF units have a robust follow-up system to ensure proper
outcome documentation.

Few trials in POR research are ‘equivalence’ trials, where a novel inter-
vention is assessed to determine whether it is as efficacious as standard
care. A typical example involves trials utilizing milder forms of ovarian
stimulation on ‘poor responders’. The rationale behind investigating
milder stimulation is 2-fold; it may be as efficacious as conventional stimu-
lation in recruiting the limited number of available follicles, and, if so, it may
be cost-effective in view of the low doses of administered drugs (Ragni
et al., 2012). Such trials tend to be more ‘pragmatic’ than superiority
trials, with higher rates of withdrawals, since even women may find it
counter-intuitive to address the problem of low oocyte yield with milder
stimulation (Morgia et al., 2004). In ‘equivalence’ trials, an ITT analysis is
less likely to detect a difference, inflating the likelihood of equivalence. A
‘per protocol’ analysis may be more appropriate in this case.

Other denominators, such as ‘per egg collection’ or ‘per embryo trans-
fer’ are popular in POR literature. Indicators of performance, e.g. live birth
per embryo transfer, implantation rates, number of supernumerary
embryos, etc., can still be useful as indirect measures of oocyte quality
and may help to further describe the underlying mechanisms of given inter-
ventions. However, such analyses may be biased, not only because they
have ‘broken’ the randomization order, but also because they often
produce inflated measures. This is caused by the rather high proportion
of poor responders that drop-out before egg collection, resulting in
smaller denominators within the analysis. Consequently, they should be
reported as secondary analyses.

Selective reporting of outcomes
Twelve RCTs reported statistically significant reproductive outcomes.
Of these, only three studies had published ‘a priori’ study protocols
(Lainas et al., 2008; Baerwald, 2012; Mok-Lin, 2013). In these studies,
there was complete agreement between the stated outcomes of the
protocol and the full study.

Selective outcome reporting is one the most important sources of bias
in RCTs. A common occurrence is the preferential reporting of only posi-
tive, statistically significant outcomes.This raises variousconcerns; firstly, it
may misleadingly overestimate the effectiveness of a given intervention. In
the absence of reporting adverse outcomes, e.g. miscarriage, it is not pos-
sible to make a sound judgment of benefits over risks. In the absence of
reporting non-significant outcomes, e.g. live birth, a proposed intervention
may appear more beneficial than it actually is. Selective reporting from in-
dividual trials can also introduce bias to subsequent meta-analyses, where,
by combining primarily statistically significant results, an exaggerated effect
is likely to be reported for the outcome of interest (Page et al., 2014).

A most effective way to minimize the risk of reporting selected out-
comes is by registering the study after the design has been agreed but
before recruitment commences. Registration involves publishing a re-
search protocol on the internet (www.clinicaltrials.gov) or an academic
journal, which, among others, also details the planned outcomes for the
study of interest. Trial registration promotes transparency, by allowing
detection of discrepancies between the protocol and final publication.
Our own limited cohort clearly supports this statement. For this
reason, major reproductive medicine journals require that a trial has
been registered before being considered for publication.

Figure 2 Frequency of reported standards not related to the risk of bias
(presented in three 5-year intervals to display trends). ITT, intention-
to-treat.
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Primary outcome, sample size calculation
and actual sample size
During the 15-year period, 84% (63/75) of ‘poor responder’ trials clearly
stated their primary outcome, the most popular being the ‘number of
retrieved oocytes’ (Fig. 2). Only 53% (40/75) reported sample size cal-
culations. Twenty-one studies performed sample size calculations based
on the number of oocytes, 10 on reproductive outcomes (pregnancy or
live birth) and six on other primary outcomes, while three RCTs did not
clearly report which outcome they used. The actual sample size ranged
widely (7–355 participants per group). In the 5-year period between
2000 and 2004, 91% of trials were small (,50 patients per group),
with no trials having more than 100 patients per group. From 2010
onwards, 62% of studies were still small, with almost one in five RCTs
having more than 100 patients per group.

The choice of primary outcome has substantial methodological implica-
tions for RCTs. The potential benefit of a given intervention is truly judged
by its effect on the primary outcome. Moreover, defining a primary
outcome is critical for ‘a priori’ sample size calculations (Zlowodzki and
Bhandari, 2009).Methodologically speaking, performing sample size calcu-
lationsbasedonoocytenumberswill leadto lowernumbersofparticipants
required for the trial, when compared with calculations based on repro-
ductive outcomes. Some authors have even consciously decided to use
oocyte numbers as their primary outcome for sample size calculations,
as the only way of achieving adequate numbers for recruitment within
the setting of their practice (Weissman et al., 2003). However, this
should not justify the decision to use a surrogate marker as a primary
outcome. Sample size calculations are paramount for the design of a high-
quality RCT, for they minimize the incidence of a Type II error (the prob-
abilityof the study not showinga statistical difference inoutcomesalthough
such a difference truly exists) (Maggard et al., 2003). With more than 90%
ofPORRCTs showingnostatistical differences in their reported outcomes
and almost 50% of RCTs not having performed sample size calculations,
one expects that a substantial proportion of these studies will be
exposed to a Type II error. Such research is not as useful, since it lacks
the statistical power to inferequivalence between compared interventions
(Dimick et al., 2001).

How large should a RCT be in order to detect clinically important
differences in reproductive outcomes in the field of POR? Although
reported pregnancy rates do vary, our observations (from the control
groups) suggest that poor responders achieve an average clinical preg-
nancy rate of 15.9% with IVF treatment [95% confidence interval (CI)
13.8–17.9%, 63 RCTs, I2 ¼ 61%, binary random effects]. For an antici-
pated doubling in success with a given intervention (relative improve-
ment 100%), a trial with 90% power and Type I error of 0.05 would
require at least 149 participants per study group (http://clincalc.com).
Only four of our RCTs used high enough numbers of participants in
line with the above calculations, two originating from the same research
group (Lainas et al., 2008; Revelli et al., 2012, 2014; Prapas et al., 2013).
This clearly implies that it is challenging to deliver large-scale RCTs on
poor responders. An obvious reason for the difficulty is that poor
responders only represent a minority of IVF patients. Eligibility for inclu-
sion is also influenced by the ‘strictness’ of the POR criteria used by indi-
vidual studies. One should also take into account that poor responders
with a history of repeated IVF failures may be less willing to accept
randomization or blinding, particularly if they are funding their own
treatment (Hemminki et al., 2004; Page and Persch, 2013).

Publishing in high-impact journals
In summary, 23 RCTs were published in the Fertility and Sterility journal,
followed by 14 in Human Reproduction, 6 in Assisted Reproduction and Gen-
etics, 5 in Gynecological Endocrinology, 4 in Reproductive Biomedicine Online
and 4 in Archives of Gynecology and Obstetrics. The remaining 19 RCTs
were published in various journals specializing in gynaecology or repro-
ductive medicine.

We assessed whether trials with a higher number of favourable meth-
odological traits were more likely to have been published in high-impact
journals (impact factor of 2 or more). The following 10 ‘positive’ traits
were accounted for: reporting of live birth, ITT analysis, sample size calcu-
lation, low-risk randomization technique, allocation concealment, blinding
of patients, blinding of staff, blinding of outcome assessors, CONSORT
flowchart, sample size more than 100 participants per group. Trials with
five or more positive traits were approximately three times more likely
to have been published in high-impact journals (odds ratio 3.45, 95% CI
1.11–10.75).

The key methodological facts and trends in POR research are sum-
marized in Table I.

Clinical trends

Heterogeneity of the POR criteria
Avariety of criteria have been used to characterize poor responders in the
trials in our series. These are broadly categorized in five groups (Fig. 3):

(i) women with previous low ovarian response to IVF ovulation induc-
tion (‘proven’ poor responders),

(ii) women expected to exhibit low ovarian response to planned IVF
ovulation induction (‘expected’ poor responders),

Table I Key methodological facts and trends in ‘poor
responder’ research in assisted conception.

† The most frequently reported ‘risk of bias’ standard in RCTs is the
preferred randomization method

† A valid, ‘low-risk’ randomization method was reported in three out of
four RCTs

† Recent RCTs are more likely to have reported concealment of patient
allocation

† Less than 1 in 10 RCTs ‘blinded’ patients and ,1 in 5 RCTs ‘blinded’ staff
to the proposed intervention

† One in 10 RCTs ‘blinded’ ultrasound practitioners to patient allocation
when assessing the outcome of early pregnancy

† Recently published RCTs are more likely to include a CONSORT
flowchart

† The majority of RCTs reported an ITT analysis for at least one of their
outcomes, with an improving trend in the recent years

† A clear trend of improvement in reporting live birth is evident in the more
recent studies

† Only one in four RCTs with statistically significant results had previously
submitted a research protocol

† The most commonly reported primary outcome is the number of
retrieved oocytes

† Approximately half of RCTs performed a sample size calculation
† A trend towards larger RCTs is evident in the more recent years
† RCTs with more high-quality methodological features were more likely

to have been published in a high-impact journal
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(iii) either ‘proven’ or ‘expected’ poor responders,
(iv) women fulfilling the recently published Bologna criteria (two out of

three parameters: advanced age/risk factors, abnormal ovarian
reserve tests, less or equal to three retrieved oocytes at previous
stimulation or a suboptimal response with maximal stimulation on
at least two occasions) and

(v) other definitions.

Previous low response to ovarian hyperstimulation has been the most
popular definition, utilized by 56% of RCTs (Fig. 3). Even within this def-
inition though, substantial heterogeneity is present, from the various
standards used to define previous POR (number of retrieved oocytes,
number of recruited follicles, estradiol levels on the day of HCG or com-
binations of the above) to the various cut-offs used for each standard.
The majority of trials in this review used ‘≤3 retrieved oocytes’ (29%)
or ‘≤4 retrieved oocytes’ (25%) in order to define ‘proven’ POR.

‘Expected’ poor responders are also at risk of POR, based on evidence
of their diminished ovarian reserve. Substantial heterogeneity exists here
as well, through the use of various reserve tests with different cut-offs.
While FSH was the dominant criterion in earlier research, it has been
recently superseded by antral follicle count (AFC). The most popular
antral follicle cut-off has been AFC , 5 (33%) and AFC , 6 (27%). Anti-
Mullerian hormone (AMH), a rather recent addition to the family of
ovarian reserve tests, has not been as popular (only two RCTS used
AMH in 2010–2014), which could be attributed to limitations in the
availability or standardization of the older AMH assays in particular
(Iliodromiti et al., 2014a, b; Nelson et al., 2015).

Using a single criterion to define POR may not be satisfactory, as no
single test is able to effectively discriminate between women who have
a reasonable and a low chance of success with IVF treatment. Indeed,
more than half of women with an initial low ovarian response will have
a normal response at a subsequent cycle, suggesting that a substantial
proportion of women may be ‘understimulated’ during their first IVF
cycle (Veleva et al., 2005). This implies that the intensity of stimulation
is also relevant for defining POR, being more likely when few oocytes
are retrieved after consumption of high gonadotrophin doses. Even

AFC and AMH, which enjoy a high discriminatory ability between low
and normal ovarian response, are of limited value in predicting women
who will suffer reduced success after IVF (Iliodromiti et al., 2014a, b;
Hamdine et al., 2015). The Bologna criteria were introduced to minimize
such heterogeneity, by requiring the combined presence of at least two
adverse factors for qualifying (Ferraretti et al., 2011). Advanced female
age has been incorporated into these criteria, as it was considered an in-
dependent risk factor for POR. This is supported by previous research,
where younger ‘poor responders’ have been shown to perform better
than older ones, indicating that the woman’s age may be related to
oocyte quality, in the same way that ovarian reserve correlates with
oocyte availability (Oudendijk et al., 2012). Early observational data indi-
cate that different combinations of the Bologna criteria are associated
with similar reproductive outcomes, supporting the hypothesis that
these criteria are indeed doing what they were designed for—providing
a more homogeneous POR population for research purposes (La Marca
et al., 2015).

Although only three RCTs have been published according to the
Bologna criteria by the end of 2014, it is expected that many more will
follow. At the time of writing this review, out of the 33 registered,
open RCTs on POR, 12 RCTs (36%) have used the Bologna criteria
and a further five RCTs (15%) have used similar to the Bologna criteria
(www.clinicaltrials.gov). This implies that these criteria are already
gaining ground in matters of acceptance by researchers. One would
expect that they will eventually become the default inclusion criteria in
future research. If so, researchers would have to justify any decision
not to utilize these criteria for their upcoming RCTs.

It must be stressed though that the Bologna criteria may have not yet
provided all the answers. Concerns have been raised that a degree of
heterogeneity remains, which could impact on the methodological
quality of future studies (Papathanasiou, 2014). Although the criteria
acknowledge the importance of ‘risk factors’ towards the definition
of POR, the prognostic impact of individual factors is still unclear, par-
ticularly for the young poor responder group (Younis, 2012). Environ-
mental (after surgery, irradiation, etc.) or genetic causes (such as
carrying an unfavourable single mononucleotide polymorphism) may
contribute variably to POR in the young patient, even though they
are both included under the same criteria (La Marca et al., 2013). In
addition, gamete quality issues are not addressed within the Bologna
definition and could, in theory, affect the prognosis of a young poor re-
sponder and the decision to further persevere with treatment or not.
Future research should aim to clarify these uncertainties and, if appro-
priate, lead to revision of the current criteria.

Uncertainty also exists how to meta-analyse studies using the Bologna
criteria, in the light of older studies that have used other definitions.
Methodologically, it may be unwise to include all studies in the same
meta-analysis, in view of problems with heterogeneity. Running separate
analyses is a safer approach, but it may take time for enough suitable trials
to become available, before meaningful conclusions are reached.

There is emerging evidence of a group of ‘suboptimal’ responders,
whose ovaries do not underperform enough to qualify as Bologna
‘poor responders’, but maystill suffer from suboptimal reproductive out-
comes (Polyzos and Sunkara, 2015). The notion of an intermediate ‘poor
responder’ group is in agreement with our current understanding of
ovarian physiology, indicating that the decline in ovarian reserve is a
gradual, non-reversible process, not an all-or-nothing phenomenon
(te Velde and Pearson, 2002; Broekmans et al., 2009).

Figure 3 Frequency of various ‘poor responder’ definitions appear-
ing in randomized trials (presented in three 5-year intervals to display
trends).
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Although the hypothesis of ‘suboptimal’ responders remains to be
explored, researchers may wish to take this new trend into account
when designing their POR populations. There are three reasons for
doing so; firstly, women with a mediocre but not low ovarian perform-
ance are plenty in everyday practice of IVF; secondly, only by including
an intermediate group in future research, we will ever gain insight into
its significance and potential. More importantly in the context of RCTs,
it may well be the case that a ‘suboptimal’ responder group will benefit
more from proposed interventions, simply because it represents the
mild end of the spectrum of POR. In contrast, it is possible that future
POR RCTs will confirm that the Bologna group, being associated with
particularly low prognosis, is more resistant to treatment than any
other POR group. How such an intermediate group should be defined
for the purposes of future research remains to be confirmed, although
the authors of the original publication proposed ‘four to nine retrieved
oocytes’ as their preferred cut-off (Polyzos and Sunkara, 2015). This def-
inition may not be specific enough, particularly when considering the
recent trend towards more individualized stimulation regimens. As in
the case of the Bologna criteria for poor responders, several markers al-
luding to suboptimal performance (tests suggesting diminishing ovarian
reserve, moderate oocyte numbers in the presence of intense stimula-
tion) may need to be combined, in order to better characterize this
novel group of suboptimal responders. For future research, we would
recommend that any intermediate group should be an add-on, not a
replacement of the Bologna criteria.

In search of a universal comparator
The choice of the control group (comparator) is an important consider-
ation for researchers. In pragmatic trials, the comparator typically com-
prises what is considered ‘standard care’ in the field of interest. There are
arguments in support of using ‘standard care’ to ascertain the merits of
novel interventions. By doing so, the trial findings can be moreconfidently
generalized to the everyday clinical setting (where standard care is deliv-
ered). It also allows the interpretation of findings across different RCTs.
Finally, in conjunction with more uniform population criteria, e.g. the
Bologna criteria, a common comparator may promote more meaningful
meta-analyses.

Often the choice of a control is straightforward; either no additional
intervention (standard care only) or placebo use. However, in the field
of assisted conception and in POR research in particular, it is common
that various interventions, such as stimulation protocols, are compared
against each other. Within our series, the most popular comparison has
been between the antagonist protocol and the microdose flare protocol
(10 RCTs in total), followed by the comparison between the antagonist
protocol and the long down-regulation (long) protocol (8 RCTs). Ex-
pectedly, protocols other than the long protocol appear at least as prom-
inently in POR trials (Fig. 4); this maybe explained by the fact that, to date,
there is no agreed best protocol to represent ‘standard care’ in POR re-
search. Appraisal of the research evidence indicates that no single stimu-
lation protocol is superior to another for poor responders. Our series
supports this statement; of the eight RCTs comparing the long with
the antagonist protocol, the results were inconclusive, with only one
trial reporting improved ongoing pregnancy rates with the long protocol
(Prapas et al., 2013). The long protocol was compared with the micro-
dose flare in a single RCT, without any differences in oocyte numbers
or reproductive outcomes (Chatillon-Boissier et al., 2012). A Cochrane

review suggested that the antagonist protocol may lead to a higher oocyte
yieldcompared with the longprotocol (Pandian etal., 2010). However, the
findings were based on low-quality evidence which is likely to change with
future research. Even so, neither protocol is superior in terms of the more
important pregnancy outcomes. A more recent meta-analysis did not
detect any differences in oocyte yields or pregnancy outcomes between
agonist and antagonist protocols (Pu et al., 2011).

Clinical practice also varies, with the majority of clinicians (67%) not
opting for a down-regulation protocol for their poor responders
(Tur-Kaspa and Fauser). This is in contrast to the unselected IVF popu-
lation, where the long down-regulation protocol is still considered the
first-line treatment option worldwide (Tur-Kaspa and Fauser). It is not
clear why certain protocols have been so popular for poor responders.
They could have become physician favourites, based on their favourable
pharmacokinetics (avoiding down-regulation, flareeffect) or the available
low-quality evidence of improvement in surrogate markers (Pandian
et al., 2010). For the antagonist stimulation protocol in particular, experi-
ence is rapidly growing worldwide. Consequently, it is currently acknowl-
edged to be as efficacious as the long protocol, and a recognized modality
in conventional stimulation (Nargund et al., 2007).

When considering the optimal strength of the stimulation regimen, the
Bologna criteria state that at least 150 IU of FSH should qualify as conven-
tional stimulation (Ferraretti et al., 2011). However, many women diag-
nosed with POR will have already been subjected to stimulation with
average FSH doses. For these women, it may be perfectly acceptable
that, in the context of an RCT, they receive high strength stimulation
(300 IU–450 IU/daily).

In summarizing the above, a strong argument can be made for using the
long down-regulation or the antagonist protocol as ‘universal compara-
tors’ in POR research.

Multiple interventions
IVF qualifies as a complex intervention, as it includes a multitude of pro-
cesses, it is being delivered by a multidisciplinary team and it has a variety
of outcomes which are of interest to consumers, clinicians and funders.
Furthermore, IVF allows for substantial flexibility in the planning and de-
livery of the treatment, with a clear trend of becoming even more indivi-
dualized in the recent years (La Marca and Sunkara, 2014). Therefore,

Figure 4 Most popular interventions in ‘poor responder’ rando-
mized trials (presented in three 5-year intervals to display trends).
DHEA, dehydroepiandrosterone.
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designing and executing clinical trials on IVF patients requires careful
consideration of the included processes and/or behaviours, potential
interactions, as well as knowledge of the basic science in support of
these interactions (Moore et al., 2015).

A common occurrence in PORresearch is the use of multiple interven-
tions in the same study group with the potential to interact with each
other. We are referring to the deliberate use of extra interventions as
part of the original study design, not the inadvertent subtle differences
in managing the compared groups which result from lack of ‘blinding’.
An example is the use of pretreatment, such as the combined oral contra-
ceptive pill (COCP), a progestogen or estradiol tablets, as priming agents
before the onset of down-regulation or stimulation (Smulders et al.,
2010). Six RCTs, within our series, used pretreatment regimens prefer-
entially for one of their study groups, in addition to a different stimulation
protocol. Another common scenario is the use of different stimulation
drug regimens in addition to different protocols for group comparisons
(eight RCTs in our series).

Multiple interventions may interfere with the interpretation and
generalizability of the findings of a given trial. If a significant difference in
outcomes is detected between groups exposed to multiple interven-
tions, it is impossible to confirm which intervention—or interven-
tions—would be responsible. Even if one would refer to previous
research for evidence of efficacy of these interventions, this is still meth-
odologically inferior to a one-to-one comparison in a RCT setting. Con-
sequently, this research may only be applicable to clinical settings where
the same interventions are faithfully applied. Trials comparing multiple
interventions may also introduce heterogeneity and bias in subsequent
meta-analysis, when combined with trials of single interventions.

An example of a multiple intervention in POR research with high
potential for bias is when one of the groups preferentially receives the
COCP before an antagonist protocol. There is accumulating evidence
that such pretreatment may ‘dampen’ ovarian response to stimulation
and, thus, reduce success of the antagonist protocol (Smulders et al.,
2010; Griesinger et al., 2015). Consequently, if this combined protocol
proves inferior to another during a head-to-head comparison, it is not
possible to generalize these findings to the original antagonist protocol
(without pretreatment). Furthermore, it may be inappropriate to
‘pool’ together antagonist trials with and without COCP pretreatment,
as this will inevitably introduce bias in the size or even the direction of the
measured effect.

In summary, we would recommend that researchers make every
effort to avoid comparing multiple interventions. For the common prac-
tice of pretreatment before IVF stimulation, they should aim to use the
same for all groups under study or, even better, none at all. The alterna-
tiveof including two groups foreachprotocolunder study—onewith and
one without pretreatment—is feasible but will substantially inflate the
required sample size of the planned study.

‘Significant’ interventions
A total of 33 interventions have been investigated against POR within our
series (Table II). Of these, only 12 interventions have been reported as
beneficial for reproductive outcomes in isolated trials (Table III).

Reviewing the literature is one of the principal tasks of a researcher, with
a view to identifying ‘gaps’ that merit further research. However, deciding
which intervention to investigate depends heavily on personal judgement,
specialist interests and the available resources. We comment below on

interventions which have been reported as potentially beneficial at least
once in POR clinical trials. For such ‘promising’ interventions, further
research is usually warranted. Nonetheless, it is not the intention of this
review to scrutinize the methodological quality of separate trials; this
should be part of future RCTs or systematic reviews.

Conventional protocol comparisons have been evaluated on poor
responders more than any other intervention. The available trials,
more often than not, have reported non-significant differences in
pregnancy outcomes. The presence of substantial heterogeneity and
variation in methodological quality between studies have also contribu-
ted to less than conclusive meta-analyses with a substantial risk of bias
(Sunkara et al., 2007; Al-Inany et al., 2011). Nevertheless, since the
two largest trials on stimulation protocols were the ones that showed
significant results, it may be worth persevering with further research
on the potential benefit of these protocols.

Table II Interventions investigated by RCTs in ‘poor
responders’ (most popular intervention first).

Antagonist

Microdose flare

Long protocol

LH added

Letrozole + FSH+ antagonist

DHEA

Short protocol

Transdermal testosterone

Growth hormone

HCG added at stimulation

Increase of FSH dose

Clomiphene citrate + FSH/HMG + -antagonist

Luteal FSH start

Estrogen for luteal support

Follicular flushing

Long-stop protocol

FSH/HMG only (no agonist or antagonist)

FSH dose 300 IU

Late FSH start

Metformin

Ultrashort agonist-antagonist

Modified flare

Low-dose aspirin

Natural cycle

Mini-long protocol

Step-down of FSH dose

Luteal phase antagonist

Gamete intrauterine transfer

Day of embryo transfer

Early (Day 1) FSH start

FSH dose 450 IU

FSH dose 600 IU

Clomiphene citrate only

DHEA, dehydroepiandrosterone.
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Novel stimulation protocols have been sporadically investigated in the
research context with promising results. A particularly interesting modal-
ity involves the use of FSH or LH during the luteal phase of a long down-
regulation protocol, in an effort to improve follicular recruitment (Kucuk
and Sozen, 2007; Ferraretti et al., 2014). Likewise, limited but promising
experimental research is available on interventions applied past the stage
of ovarian stimulation, exploring other factors unrelated to oocyte quan-
tity or quality. These have focused on the optimal timing of embryo trans-
fer or the optimal type of luteal support (Bahceci et al., 2006; Kutlusoy

et al., 2014). However, these findings need to be replicated in future
trials before becoming part of routine clinical practice.

A degree of enthusiasm currently revolves around the use of androgen
supplements as adjuvants for poor responders (Sunkara et al., 2012). An-
drogen supplementation may have a direct beneficial effect on the ‘poor
responder’ ovary, through an increase in the number of antral follicles or
up-regulation of FSH receptors (Weil et al., 1998; Nielsen et al., 2011).
Our review has indeed identified such supplements—transdermal testos-
terone and dehydroepiandrosterone (DHEA)—as of some promise,

.............................................................................................................................................................................................

Table III Interventions with at least one RCT indicating benefit in reproductive outcomes.

Intervention Significant
outcome

Numberof RCTs showing
benefit

Number of RCTs showing no
benefit

Estrogen add-back for luteal support Live birth 1 RCT
Kutlusoy et al. (2014)

1 RCT
Aghahosseini et al. (2011)

rLH 4-day treatment followed by rFSH treatment
during long protocol

Live birth 1 RCT
Ferraretti et al. (2014)

None

DHEA supplementation Ongoing pregnancy 1 RCT
Moawad and Shaeer (2012)

4 RCTs
Wiser et al. (2010)
Artini et al. (2012)
Kara et al. (2014)
Yeung et al. (2014)

Antagonist flexible protocol (compared with
microdose flare protocol)

Ongoing pregnancy 1 RCT
Lainas et al. (2008)

8 RCTs
Akman et al. (2001)
Martinez et al. (2003)
Malmusi et al. (2005)
Schmidt et al. (2005)
De Placido et al. (2006)
Demirol and Gurgan (2009)
Kahraman et al. (2009)
Davar et al. (2013)

Day 2 embryo transfer (compared with Day 3) Ongoing pregnancy 1 RCT
Bahceci et al. (2006)

None

Long protocol (compared with antagonist protocol) Clinical pregnancy 1 RCT
Prapas et al. (2013)

7 RCTs
Cheung et al. (2005)
Marci et al. (2005)
Tazegul et al. (2008)
Kim et al. (2009)
Shahrokh Tehrani Nejad et al. (2008)
Kim et al. (2011)
Sunkara et al. (2014)

Follicular flushing Clinical pregnancy 1 RCT
Mok-Lin et al. (2013)

1 RCT
Levens et al. (2009)

Day 4 FSH start (compared with Day 1 FSH start)
during antagonist protocol

Clinical pregnancy 1RCT
Baerwald et al. (2012)

None

Transdermal testosterone Clinical pregnancy 1 RCT
Kim et al. (2011)

2 RCTs
Massin et al. (2006)
Fabregues et al. (2009)

Luteal phase FSH start Clinical pregnancy 1 RCT
Kucuk et al. (2008)

2 RCTs
Kucuk and Sozen (2007)
Kansal Kalra et al. (2008)

Addition of rLH mid-stimulation (compared with FSH
dose increase)

Clinical pregnancy 1 RCT
Ruvolo et al. (2007)

2 RCTs
De Placido et al. (2001)
De Placido et al. (2005)

High FSH dose (300 IU/day) (compared with
150 IU/day)

Clinical pregnancy 1 RCT
Klinkert et al. (2005)

None

rLH/rFSH, recombinant LH/FSH.
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based on a single ‘favourable’ RCT for each intervention (Kim et al., 2011;
Moawad and Shaeer, 2012). Nevertheless, other similar RCTs (two for
testosterone and four for DHEA) have not confirmed these findings,
making a strong case for further research (Table III).

A renewed interest in milder forms of stimulation on the POR popu-
lation has also been documented, with six RCTs having used letrozole/
gonadotrophins (Fig. 4) and three RCTs having used clomiphene citrate
with or without gonadotrophins for their study groups. The rationale for
a milder approach is that of non-inferiority, aiming to test if milder stimu-
lation, in spite of potentially recruiting fewer oocytes, is as effective as
conventional stimulation. Indeed, although four studies demonstrated
a lower oocyte yield with these custom protocols, no differences in
reproductive outcomes were reported. Further trials on the effect of
milder stimulation on the Bologna responders are required in order to
substantiate the role of such protocols.

The key clinical facts and trends in POR research are summarized in
Table IV.

Designing future trials on poor
responders
Based on this review’s findings, we provide a series of recommendations
for designing future trials for poor responders:

Population: Choosing to define the population based on the Bologna cri-
teria appears to be a ‘safe’ approach, in view of the increasing popu-
larity and acceptance of these criteria by the scientific community
(Ferraretti et al., 2011). If the researchers opt for more ‘relaxed’ defi-
nitions—including a group of ‘suboptimal’ responders’—they should
be prepared to justify this decision.

Intervention: Since no single intervention stands out as a clearly beneficial
one, any novel or already tested intervention can be a candidate for
future trials. It is sensible to focus on interventions already shown as
beneficial in at least one previous RCT. In addition, clinical research
should closely follow more basic research that explores the underlying
mechanisms through which these interventions may alleviate POR.

Detailing these mechanisms should be an integral part of the final pub-
lication on novel POR interventions.

Comparator: For investigating novel stimulationprotocols, one could opt
to use the long agonist down-regulation or the antagonist protocol for
one of the control groups.

Outcomes: It is important that reporting live birth becomes a priority for
future POR research. Studies may continue to report ongoing/clinical
pregnancy, as it is the imminent outcome reflecting success or failure
of treatment and, also, a favourite among clinicians (Braakhekke et al.,
2014). Reporting miscarriage rates is also recommended, as it is the
main adverse event after IVF treatment.

Randomization and allocation concealment: It is important to opt for a
genuine randomization method, such as a computer-generated pseudo-
random number sequence. For concealing allocation, one could opt for
an internet-based randomization system or the old-fashioned sealed,
opaque, sequentially numbered envelopes.

Blinding of patients or staff: Although a well-designed placebo is meth-
odologically the preferred ‘blinding’ tool for single add-on interven-
tions, researchers should consider the practicalities of designing a
placebo, as well as patient acceptability for using one. For protocol
comparisons, designing a proper placebo may be even harder. Even
so, the investigators should aim to secure ‘blinding’ through a
variety of modalities that aim to conceal sensitive methodological in-
formation from patients, investigators and assessors. In that respect,
staff and patients could be trained with regard to their expected roles
and conduct during the course of the trial.

Minimization of attrition bias: Publishing a CONSORT flowchart that
details the patients’ pathway through treatment, including withdra-
wals, results in less biased analyses and is strongly recommended. It
is also a prerequisite for publication in select high-impact journals.
ITT analysis also accounts for attrition bias and should be reported,
at least in the context of ‘superiority’ trials.

Minimization of selective reporting bias: Researchers should aim to
publish a study protocol. High-impact journals require that such a
protocol has been published ‘a priori’ before even considering an
RCT for publication. Reporting live birth and miscarriage rates also
acts as a safeguard against selective outcome reporting.

Primary outcome: Studies should clearly state their primary outcome.
Preference should be given to pregnancy outcomes, with particular
emphasis on live birth.

Sample size: Performing sample size calculations at the design stage ensures
adequate study powerand minimizes the risk of a Type II error. It is likely
that an adequately powered RCT on POR will require at least 150 parti-
cipants per group. To recruit these high numbers, trials may have to be
multi-centred.

Cost-effectiveness: Although this review has not looked specifically at how
often POR RCTs have addressed cost-effectiveness issues, it appears
this has not been a priority so far. Cost-effectiveness is particularly
relevant to non-inferiority POR studies which focus on milder—and
frequently less costly—stimulation protocols. However, in this particu-
lar fieldof assisted conception, even ‘superiority’ trials may benefit from
including cost-effectiveness analyses. This is because the likelihood of
demonstrating similar efficacy between compared interventions is
high in POR trials. In case of two interventions being reported as
equally clinically effective, it is sensible to opt for the one which is
clearly more cost-effective.

Table IV Key clinical facts and trends in ‘poor
responder’ research.

† The most popular criterion for defining ‘poor responders’ in RCTs has
been low ovarian response at previous stimulation

† The most popular cut-off value for defining previous low response is ‘less
or equal to three retrieved oocytes’

† The most popular tests used in RCTs to define diminished ovarian
reserve are AFC and FSH, followed by age and AMH

† Most research interventions were applied before/during controlled
ovarian hyperstimulation

† The most popular stimulation protocols investigated in ‘poor responder’
research are the antagonist protocol, the microdose flare protocol and
the long down-regulation protocol

† RCTs on popular protocols for poor responders have reported
conflicting results with regard to oocyte yields and reproductive
outcomes

† Only 1 in 10 RCTs has reported statistically significant differences in
reproductive outcomes

† No ‘positive’ intervention is supported by more than one ‘positive’ RCT
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Limitations
An obvious limitation of the review is that, in spite of having applied a
multi-source approach for searching the scientific literature, some
‘poor responder’ RCTs may still have been missed. Nevertheless, we
expect that, in view of the large number of included studies (75 RCTs),
a small number of missing trials should not affect the overall interpret-
ation of our findings.

We also decided to investigate a particular set of methodological stan-
dards, out of the many which have been reported by other methodology
reviews in healthcare (Dechartres et al., 2011). We focused on these
standards because we felt that they relate to the more practical qualita-
tive aspects of study design for the benefit of researchers. We were also
conscious not to over-expand this part of the review to the detriment of
the latter part, which evaluated the equally important clinical aspects of
‘poor responder’ trials.

Conclusions
Our observations are in support of a continuing interest being vested in
POR research. This is not unexpected, if one considers that POR is
common in everyday IVF practice, with evidence of increasing prevalence
(Devine et al., 2015).

Despite the presence of an improving trend in certain aspects of study
design, the majority of published trials on POR still suffer from methodo-
logical flaws and are, thus, regarded as being high-risk of bias. The same
trials have used a variety of definitions for their poor responders and a
variety of interventions for their head-to-head comparisons. As a conse-
quence, no real progress has been made in identifying clearly beneficial
interventions. Moreover, the presence of clinical heterogeneity pre-
cludes the conducting of meaningful and conclusive meta-analysis.

It is recognized that �85% of research is wasted, usually because it asks
the wrong questions, is badly designed, not published or poorly reported
(Chalmers and Glasziou, 2009). As a result, an initiative has recently been
launched to coordinate the efforts towards reducing research waste by
promoting more useful research (http://researchwaste.net). In line with
this initiative, this novel type of ‘methodology and clinical’ review has pro-
videdacomprehensive overview ofPORresearch, withparticular focus on
quality aspects of the relevant randomized trials. Based on this analysis, it
has provided custom research recommendations; it has extended beyond
the particulars of how to design a good trial, by also exploring which ‘poor
responders’ and what interventions should be given research priority. By
applying the lessons learned from past research, it is hoped that future
trials will be of sufficient high quality to provide clear and conclusive
answers on how to best manage this challenging group of women.
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