Trying to define the optimal
progesterone elevation cut-off
in fresh in vitro fertilization
cycles: time to evolve our way
of thinking

The effect of elevated progesterone on the day of human cho-
rionic gonadotropin (hCG) administration on the probability
of pregnancy after a fresh embryo transfer has been a matter
of debate for more than 25 years. Available evidence has now
convincingly demonstrated that a negative effect is indeed
present (1), and it can be detected using appropriate analytical
approaches (2). This effect seems to be exerted on the endome-
trium and this hypothesis is supported by both basic and clin-
ical research but most importantly by data suggesting that the
pregnancy rate of embryos obtained from cycles with elevated
progesterone is not affected when these embryos are trans-
ferred in subsequent frozen-thawed embryo transfer cycles
(1). This has led many clinicians and researchers to propose
the freeze-all (or freeze-only) policy as an effective way of
managing elevated progesterone at the end of the follicular
phase.

One of the most controversial aspects of the progesterone
elevation literature has been the selection (arbitrary or not) of
the threshold above which the value of progesterone would be
considered abnormal and an intervention would be reason-
able. This has led to the introduction of multiple such thresh-
olds which has been a source of confusion. Not surprisingly,
currently, the burning question for any clinician measuring
progesterone on the day of hCG is: what is the threshold
that should be used to dictate the cancellation of a fresh trans-
fer and the adoption of a freeze-only policy?

This is the question that Hill et al. (3) are trying to answer
in their elaborate analysis published in this issue of Fertility
and Sterility. They aspire to do so by exploring several
different methodologies while taking into account the sensi-
tivity and specificity of each proposed threshold and also the
potential cost penalty that the application of a freeze-only
strategy using this threshold would incur. Their analysis sug-
gests that adopting a threshold between 1.5 ng/mL to 2.0 ng/
mL seems to be the most cost-effective approach, although
they do acknowledge that a statistically significant negative
effect of progesterone on pregnancy rates is detected much
earlier, using a threshold around 0.7 ng/mL.

The analysis of Hill et al. (3) is thought provoking and
definitely useful for the readership of Fertility and Sterility
since it describes the plethora of different variables one needs
to consider when making a decision to change the criteria of a
freeze-only policy in the clinic. The authors do acknowledge
the limitations of their analysis, which cannot be stressed
enough. Firstly, the potential effectiveness of the freeze-
only strategy in these patients has never been proven through
randomized controlled trials. Hence, the expected benefit of
such a strategy, if any, has not yet been properly quantified
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and for the purpose of this analysis is indirectly calculated
based on retrospective observational data. In addition, their
analysis does not seem to account for significant confounders
such as female age, numbers of oocytes retrieved, number,
developmental stage and quality of embryos transferred.
These have been shown to have significant impact on the as-
sociation of elevated progesterone with live birth rates and
seem to modify the observed effect size (2). Furthermore, their
analysis has not incorporated any measure of uncertainty
(such as 95% confidence intervals) and hence its output
does not describe the range of potential outcomes that could
be observed in the population. Variables such as the timing of
progesterone measurement and the progesterone assay per-
formance, the population mix, the efficiency of cryopreserva-
tion protocols and embryo transfer policies, all of which are
specific to each clinic, can significantly modify the effect of
elevated progesterone on pregnancy rates and alter the suit-
ability of the thresholds. These issues are appropriately dis-
cussed by Hill and colleagues (3) and should be taken into
account by the reader when interpreting the findings of their
study.

The most significant problem, though, lies in the very
essence of the research question that the authors try to
answer, i.e. identifying the optimal threshold for elevated pro-
gesterone. Obviously defining something as abnormal has
been in the core of medical thinking for thousands of years
and is an approach that seems to facilitate clinical decision
making. The tendency, though, to dichotomise the population
in normal and abnormal based on a single threshold value of a
continuous variable is, in most instances, highly problematic
and leads to counter-intuitive clinical scenarios. Essentially,
in the case of elevated progesterone, when one chooses a
threshold, the population is divided in two distinct subgroups,
with the members of each subgroup having the same proba-
bility of pregnancy (the average of the specific subgroup).
Hence, if we select the highly popular 1.5 ng/mL threshold,
then a patient with a serum progesterone of 1.45 ng/mL is un-
affected by “elevated progesterone” whereas a patient with a
serum progesterone of 1.52 ng/mL is considered to be fully
affected (the “all or nothing” hypothesis). The affected patient
is now expected to have a decrease of almost 10% in the prob-
ability of pregnancy as compared to the unaffected patient
when (1) the difference in the progesterone concentration be-
tween these two patients is just 0.07 ng/mL which is well
within the margin of error of most progesterone assays.
Even more surprising is the fact that in this scenario, we as-
sume that the difference in pregnancy rates between these
two patients is the same as in the scenario where a patient
has a progesterone value of 0.7 ng/mL and is compared
with a patient with a progesterone value of 3.0 ng/mL.

Notwithstanding the obvious clinical irrationality of
such an approach and the misclassification issues that it
can generate, dichotomization also results in reduced sta-
tistical power which, when combined with inadequate
adjustment for confounders, frequently leads to type II er-
rors. Epidemiologists and biostatisticians have identified
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this as an important issue in biomedical research and have
named it “dichotomania” (4). The obvious answer to this
problem is to recalibrate our thinking away from artificial
dichotomies. Modern statistical techniques allow for a
much better utilization of continuous data and can pro-
vide a significantly clearer picture of the association under
investigation.

For these reasons, we propose that future clinical
research in this field should move away from the “elevated
progesterone” concept to the far more clinically and statisti-
cally sensible introduction of serum progesterone on the day
of hCG as a continuous covariate in prediction models of live
birth after fresh embryo transfer. This is of paramount
importance since it is highly likely that serum progesterone
concentration on the day of hCG represents the best
currently available proxy variable of endometrial receptivity
after ovarian stimulation.

So far, mostly due to our inefficient methodological
approaches, we have failed to fully utilize the prognostic
information that the measurement of progesterone can
provide to optimize the outcomes of assisted reproductive
technologies for our patients. The study by Hill et al. (3),
represents an important contribution to the literature
because it attempts to take the discussion around elevated
progesterone to the next level. However, it also reveals the
limitations of the current approach and the urgent need to
evolve our way of thinking from trying to determine the
optimal threshold of elevated progesterone to embracing
the actual prognostic value of progesterone concentration
on the day of hCG.
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