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Background: Beyond the established role of serum progesterone measurement in the luteal phase of
menstrual cycle to confirm recent ovulation, it is also increasingly used to detect premature luteinization
during in vitro fertilization (IVF) hyperstimulation, where late follicular phase increase in serum progester-
one is reportedly associatedwith adversepregnancy outcomes. Virtually all serumprogesteronemeasure-
ments in clinical and IVFpracticeusedirect, nonextraction immunoassays, often inmultiplex, high-throughput
platformassays optimized for high, postovulatory,midluteal phase serumprogesterone concentrations. How-
ever, the performance of direct progesterone immunoassays for smaller increases is not established.
Methods:We studied 254 women undergoing IVF hyperstimulation with serum progesterone around
the time of human chorionic gonadotropin (hCG) administration, measured in each sample by a direct
progesterone immunoassay (Beckman Coulter Access) and by LC-MS.
Results: Immunoassay overestimated serum progesterone in almost every sample with an increasingly
high variability and deviation at lower concentrations (immunoassay <5 nmol/L, equivalent to LC-MS <2
nmol/L).
Conclusions: Immunoassay consistently overestimates serum progesterone levels so that low mea-
surements (immunoassay <5 nmol/L) are too inaccurate to be used quantitatively. The utility of higher
serum progesterone measurements by immunoassay and serum progesterone and other steroids
measured by multiplex LC-MS profiling in predicting IVF pregnancy outcomes warrants further inves-
tigation. There is a need for caution in clinical diagnosis of premature luteinization based on increased
late follicular phase serum progesteronemeasurements using direct progesterone immunoassay that
consistently overestimates low serum progesterone concentrations.

IMPACT STATEMENT
The patients whomay benefit from progesteronemeasurements are individuals undergoing IVF

hyperstimulation. Evidence presented allows better characterization of serum progesterone mea-
surement at lower concentrations required for clinical diagnosis of premature luteinization during
an IVF cycle. Direct (nonextraction) progesterone immunoassay consistently overestimates serum
progesterone concentration, especially at lower levels.
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Progesterone is a C21 steroid hormone se-
creted by the corpus luteum after ovulation during
the menstrual cycle. If pregnancy ensues, proges-
terone secretion is secreted from the placenta to
provide essential support for implantation and
maintenance of early pregnancy. Measurement of
serumprogesterone has an established diagnostic
role in the midluteal phase to confirm recent ovu-
lation, and there is increasing use of serum pro-
gesterone during the late follicular phase to detect
premature luteinization during in vitro fertilization
(IVF)5 hyperstimulation, reportedly associated with
adverse pregnancy outcomes. In IVF, gonadotro-
pin-releasing hormone (GnRH) analogs are used in
controlled ovarian hyperstimulation to suppress
pituitary gonadotropin secretion, including pre-
venting a premature luteinizing hormone (LH)
surge. Nevertheless, during IVF hyperstimulation,
increases in serum progesterone during the im-
mediate preovulatory (late follicular) phase are re-
ported in 5%–35% of IVF cycles (1), a finding
termed “premature luteinization.”
Although the pathophysiology of premature lu-

teinization is poorly understood, it may impair en-
dometrial receptivity (2, 3). Hypotheses to explain
its origins include increased numbers of follicles
recruited by hyperstimulation (4), incompletely
suppressed endogenous LH surge, excessive cir-
culating LH-like activity from exogenous gonado-
tropins, or aberrant LH receptor response to
hyperstimulation (1, 5).
However, the association between premature

luteinization and adverse pregnancy outcomes in
IVF hyperstimulation is debatable in some studies
(6–9) but not all (10–12), including a meta-
analysis (4) showing detrimental effects. Heteroge-
neity among these studies may have arisen from
various differences including the specific thresh-
olds used to define increased serum progester-

one, variation in the assay methodology, and
systematic differences in IVF protocols used (4, 6).
The currently available method to measure se-

rum progesterone is based on direct, nonextrac-
tion immunoassays that are optimized to quantify
high serum progesterone levels used to confirm
ovulation. The performance of the direct proges-
terone immunoassays to detect the much smaller
late follicular rise that defines premature luteiniza-
tion has not been established. It is widely recog-
nized that direct nonextraction immunoassays
overestimate concentrations of serum testoster-
one and estradiol compared with the gas or liquid
chromatography, mass spectrometry–based ref-
erence methods, especially at lower circulating
concentrations (13–15). Therefore, this study eval-
uated the accuracy of serum progesterone mea-
surement by a direct (nonextracted) immunoassay
against an LC-MS method across the full range of
serum progesterone concentrations.

METHODS

In a single-center observational study, serum
samples were provided from 254 women under-
going IVF hyperstimulation in a private IVF clinic.
Blood samples taken routinely around the time of
human chorionic gonadotropin (hCG) administra-
tion had serum progesterone measured by both
a direct progesterone immunoassay (Beckman
Coulter Access) and LC-MS.
The progesterone immunoassaywas performed

according to the manufacturer's directions with a
limit of detection of 0.1 ng/mL (0.32 nmol/L) and
linearity between 0.1 and 40 ng/mL (0.32 and
127.2nmol/L). Theassaywasmonitored foraccuracy
and reproducibility within (n = 24) and between (n =
603) assay using QC samples at low (nominal 3.5
nmol/L, within-assay 3.5 nmol/L, CV 11.5%; between-
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assay 3.3 nmol/L, CV 13.4%), medium (nominal 32.1
nmol/L, within-assay 32.6 nmol/L, CV 4.9%; between-
assay 32.7 nmol/L, CV 7.8%), and high (nominal 83.1
nmol/L, within-assay 83.1 nmol/L, CV 4.2%; between-
assay 87.1 nmol/L, CV 7.9%) ranges.
The LC-MS measurement of serum progester-

one was quantified using a previously described
(16) and modified (17) method for steroids em-
ploying atmospheric positive pressure ionization
in positive mode. Progesterone was quantified
by monitoring of transitions for progesterone
(315.3¡97.1, Steraloids) and d9-progesterone
(324.3¡100.1, CDN Isotopes). The quadratic cali-
bration curve was linear between 0.05 and 128
ng/mL (0.16 and 407 nmol/L) with a limit of detec-
tion of 0.02 ng/mL (0.06 nmol/L) and limit of quan-
tification 0.05 ng/mL (0.16 nmol/L). The assay was
monitored for accuracy and reproducibility using
quality control samples at low (0.8 ng/mL, 2.6
nmol/L), medium (3.2 ng/mL, 10.2 nmol/L), and
high (16 ng/mL, 51 nmol/L) levels in each run. The
accuracy of the progesterone measurements was
96.4 (1.9) (SE)% (in triplicates over 11 serial dilutions
spanning the full dynamic range) compared with a
certified reference material preparation (Cerillant).
When pooling the results from QC samples across
the 3 levels, the accuracy was 109% (within-run) and
101% (between-run), and coefficient of variation was
5% (within-run) and 9% (between-run).
Serum progesterone measurements were

compared by Bland–Altman deviance plot and
Passing–Bablok regression methods (MedCal, ver-
sion 16). For quantitative analysis, left-censored
(undetectable) results in LC-MS were assigned a
value of 0.05 ng/mL. For graphical purposes, only
samples with LC-MS results above the quantifica-
tion limits are included.

RESULTS

Serum progesterone was detected in 252 (99%)
samples by immunoassay and in 215 (85%)
samples by LC-MS. The results compared by

Bland–Altman deviance plot (Fig. 1) and Passing–
Bablok regression (Fig. 2) are shown.
The Bland–Altman analysis (Fig. 1, with the dot-

ted line of identity and 95% CIs in dashed lines
and the solid line indicating mean difference)
shows that immunoassay overestimated serum
progesterone in every sample [median 4.8 vs 1.5
nmol/L; median difference 4.4 nmol/L (interquar-
tile range 3.5–5.9 nmol/L)]. The upward bias of im-
munoassay increased exponentially at low serum
progesterone concentrations (immunoassay <5
nmol/L or LC-MS <2 nmol/L).
In the Passing–Bablok regression (Fig. 2, with the

dotted line of identity and solid line for regression
slope with dashed lines for the 95% CIs for slope),
the slope was 1.0 (95% CI, 0.9–1.1) and intercept
was 3.2 nmol/L (95% CI, 3.1–3.3 nmol/L).
The median age of women was 38 years (range

20–49), but age was not correlated with either im-
munoassay or LC-MS results or their difference.

DISCUSSION

Serum progesterone is routinely measured by
direct immunoassay onmultiplex platforms, which
have rapid turnaround, are relatively inexpensive,
and are easily integrated into chemical pathology
laboratory assay profiles. The most widely used
and best established indication for measurement
of the serum progesterone is that recent ovulation
is confirmed by a high midluteal concentration. In
addition, more recently, there has been growing
use to diagnose premature luteinization based
on late follicular phase measurement of much
lower levels of serum progesterone. This appli-
cation has a paucity of supporting evidence at
such low serum progesterone concentrations.
This study demonstrates that a widely used proges-
terone immunoassay consistently overestimates se-
rum progesterone levels when compared with the
reference method of LC-MS measurement and is
increasingly severe at lower serum progesterone
concentrations. Despite the consistent overestima-
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tion, the present study supports the use of direct
progesterone immunoassay to confirm recent ovu-
lation because of the reasonable agreement be-
tween thedirect immunoassay and LC-MS reference
methodologyathigher serumprogesteroneconcen-
trations (>5 nmol/L by immunoassay, >2 nmol/L by
LC-MS). However, the increasing severe upward de-
viations of the immunoassay at lower serumproges-
terone concentrations (immunoassay <5 nmol/L,
LC-MS <2 nmol/L) questions the reliability of using

these lower serum progesterone measurements to
define premature luteinization.
These latter findings are relevant to the clinical

practice in some IVF clinics to use a threshold of se-
rum progesterone to diagnose premature luteiniza-
tion and to make decisions to defer or to proceed
with embryo transfer in that cycle (18, 19). Overesti-
mation of relatively small late follicular phase in-
creases in serum progesterone has the potential to
mistakenlydeferembryo transferdue to inaccurately

Fig. 1. Bland–Altman deviance analysis plotting the difference between the immunoassay and LC-MS
assay for serum progesterone (in nmol/L) for all samples using only serum progesterone concentra-
tions above limit of quantification.
The main figure shows the difference plotted as a percentage deviation on the y axis and the LC-MS measurements on
the x axis. The inset shows the same data plotted, with the y axis as the absolute difference between the immunoassay
and LC-MS assay. The horizontal lines indicate the line of identity (dotted), the mean (solid line), and 95% CIs (dashed
lines) of the deviations. Note the immunoassay overestimates serum progesterone in every sample with the upward
bias increasing exponentially at low serum progesterone concentrations. For further details, see the text. IA,
immunoassay.
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increased measurements of serum progesterone.
For accurate measurement of serum progester-
one at such low threshold applications, LC-MS
should be preferred for progesterone measure-
ment due to its accuracy, at even these relatively
low circulating progesterone concentrations
(20). A limitation of our study is that we did not
evaluate the IVF outcomes to correlate with the
serum progesterone levels.
We conclude that while supporting the utility of

high serum progesterone immunoassay measure-

ment (>5 nmol/L) to verify recent ovulation, the
inaccuracy of lower serum progesterone concen-
trations raises questions about the reliability of
direct progesterone immunoassay to define pre-
mature luteinization. This observation highlights
the need for caution regarding clinical decision-
making for management of embryos in IVF cycles
with apparently high late follicular phase serum
progesterone concentrations based on an immu-
noassay that consistently overestimates low se-
rum concentrations.

Fig. 2. Passing–Bablok regression of serum progesterone by immunoassay (y axis) against LC-MS assay
(x axis) showing the regression (solid line) with the line of identity (dotted line) and 95% CIs for slope
(dashed lines).
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