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Abstract
Background: Previous studies highlighted the negative effect of premature progesterone
elevation (PE) during IVF cycles on the cycle outcomes. The aim of this study was to assess
the validity of progesterone level on hCG day (P4) in the prediction of IVF/ICSI cycles’ outcome.
Methods: In a retrospective cohort study, all fresh cycles of 256 patients who underwent
IVF or ICSI cycles in 2017 at reproductive endocrinology & infertility unit/ Obg/Gyn department
at King Abdulaziz Medical city, Riyadh, Saudi Arabia, were followed up. They were started on
gonadotropin medications for ovarian hyperstimulation, followed by serial transvaginal U/S and
serum estrogen levels each visit. Patients having 2 or more 18mm follicles were triggered by
hCG 10,000 IU and ovum pickup was done 34-36 hrs after. Data were collected on patients’
characteristics [age, BMI infertility type], cycles’ characteristics [number of follicles and
endometrium thickness on hCG day, P4 and estrogen levels], rates of pregnancy and pregnancy
outcomes. Receiver operating characteristic curve was applied to determine the cut-off of P4
that corresponds with a negative pregnancy test. Logistic regression analysis was used and
significance was considered at p - value of ≤0.05.
Results: Pregnancy rate in the study sample was 36.7%. The mean P4 level in cycles with
negative pregnancy tests was significantly higher than the mean in cycles with positive tests
(p = 0.018). After adjusting for confounders, significant negative association between P4 and
pregnancy rate was evident (p < 0.03). The optimum trade-off of P4 for prediction of a negative
pregnancy test was 1.5nmol/L. This cut-off level had a 59% sensitivity, 51% specificity and 68%
positive predictive value and 10% & 15% absolute and relative risk reductions respectively. Cycles
with mean P4 of ≥1.5nmol/L were significantly associated with primary infertility (p = 0.011), lower
mean BMI (p = 0.009) higher mean estrogen level ( p < 0.001), lower live birth rate (p = 0.048),
higher abortion rate (p = 0.039), and higher ovarian hyperstimulation rate (p = 0.027).
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Conclusion: Premature elevation of progesterone level on the hCG day in IVF/ICSI cycles
may have adversely impacted the pregnancy rate and pregnancy outcome. The cutoff point of
1.5nmol/L for this P4 was not valid in predicting pregnancy outcomes.

Background
In the normal menstrual cycle, progesterone level is rising
after luteinizing hormone (LH) surge and ovulation in the
luteal phase. In in vitro fertilization (IVF) cycles, progesterone
level sometimes rise in the follicular phase on the day of human
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chorionic gonadotropin (hCG) administration. This premature
progesterone rise (PE) was called premature luteinization
referred to premature LH surge. With the introduction of
GnRH analogues in IVF cycles, the progesterone level (P4)
was decreased and premature LH surge was inhibited. This is
because suppressing of granulosa cell steroidogenic activity.
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Despite the wide use of GnRH analogous in ART nowadays, the
rise of progesterone level is still observed in some cycles. The
effect of that on the endometrium and cycle outcome is still
controversial and area for discussion [1,2].
Although the frequency of PE varies, incidences as high
as 35% of stimulated cycles in women treated with GnRH
agonists [3,4] and 38% of cycles in women treated with GnRH
antagonists [5,6], have been reported. However, in a large
retrospective analysis of over 4000 cycles, the incidence of
PE above 1.5ng/ml was estimated to be 8.4% in agonist and
antagonist cycles [7,8].
The relationship between PE and pregnancy rate has been
analyzed by using different thresholds of serum progesterone
on the day of hCG. The thresholds were varied and found to
be between 0.4ng/ml and 3ng/ml [9]. For example, in analysis
of a large series by Bosch, et al. [7], the optimal progesterone
threshold over which a detrimental effect on IVF outcome
might be observed has been estimated at 1.5ng/ml. Many
studies reported a negative effect of PE during IVF cycles on
the cycle outcomes including endometrial receptivity [1012]. Lower pregnancy rate and higher pregnancy loss with
PE in IVF cycles had been observed in studies conducted by
Silverberg, et al. [4], although the mechanism of this remains
controversial [4,13]. Then, several authors investigated
the effect of PE during the IVF cycles with GnRH analogues,
some of these reported negative impact on the live birth
and pregnancy rate, while others didn’t ind any association
[14-18]. The aim of this study was to assess the validity of
progesterone level on hCG day (P4) in the prediction of IVF/
ICSI cycles’ outcome in a Saudi setting.

Methods
Our study was undertaken at King Abdul-Aziz Medical City
of the National Guard- health affairs, department of obstetrics
and gynecology, reproductive endocrinology and infertility
unit, in Riyadh, Saudi Arabia. In a retrospective cohort study,
all fresh cycles of patients who underwent IVF or ICSI cycles
in 2017 with GnRH agonist or antagonist medications, were
followed up. Frozen cycles were excluded. After reviewing
all patients’ iles for infertility treatment at that period,
302 patients were eligible to be included in our study, 46
patients were cancelled for different reasons (21 patients had
failed fertilization, 8 showed poor response, one developed
ovarian hyperstimulation, 3 with no oocytes retrieved, one
had an endometrial polyp, 6 had immature oocytes, and 6
had arrested embryos). Only 256 patients were followed up.
Patients were started on antagonist [n = 241], short [n = 47]
or long [n = 14] agonist protocols, according to their infertility
evaluation. They were started on gonadotrophin medications
for ovarian hyperstimulation. The starting dose was based
on patient’s age, AFC, BMI and previous response. The
stimulation cycle was followed by serial transvaginal U/S and
serum estrogen level (E2), each visit. When a patient had 2 or
Published: September 11, 2019

more 18mm follicles, she was triggered by hCG 10,000 IU and
ovum pickup was done 34-36 hrs after. We documented all
patients’ characteristics at the starting of the cycles. Number
of follicles and endometrium thickness on hCG triggering day
were also documented. We checked Progesterone level on the
day of triggering (P4) as well as the estrogen level (E2).
Pregnancy rate was calculated. Among patients with
positive pregnancy test, we calculated the rates of term
live birth, preterm birth, abortion and chemical pregnancy.
Patient’s data and cycles’ details for all patients were reviewed
using patients’ iles and the EHR (Best-Care).
All values of the progesterone on the hCG day of IVF/ICSI
cycles were cross classi ied according to their pregnancy test
result (negative or positive), and by various cut-off points
along with the range of progesterone levels above which
subjects may be considered having a negative pregnancy test.
From these tabulations, the sensitivity, speci icity and positive
predictive value were computed for progesterone level at
each cut-off point.
The sensitivity of progesterone level diagnosis for the
pregnancy test result “gold standard” was determined by
calculating how frequent the correct progesterone level diagnosis
was made in each pregnancy test diagnosis. The speci icity of
progesterone diagnosis was determined by calculating how
frequently the progesterone diagnosis was not made when the
corresponding pregnancy test diagnosis was positive. Positive
predictability indicated how frequently the progesterone
diagnosis correctly re lected the negative pregnancy test. Negative
predictability indicated how frequently the progesterone
diagnosis was not made when the corresponding pregnancy test
diagnosis was positive. Also, the level of agreement between
these two methods was determined at each cut-off point by
the calculation of kappa coef icient (k). Absolute risk reduction
(ARR) and relative risk reduction (RRR) were calculated.
The Receiver Operating Characteristic (ROC) curve of
a diagnostic test is a graph of the pairs of sensitivity and
1 minus speci icity that correspond to each possible cutoff for the diagnostic test result. This curve was used to
determine the threshold value of P4 that corresponds to the
negative pregnancy test result. Analyses were performed
using SPSS (version 23). Both descriptive and analytical
statistics were applied. Rates of pregnancy, abortion, live
births were estimated. Chi-square test and Fisher exact were
used to investigate the association between the levels of
progesterone and outcome parameters. Logistic regression
analysis was used to investigate if the change in progesterone
level is a predictor of outcome. Signi icance was considered
at the p - value of ≤0.05. The study was approved by the
IRB of the Ministry of National Guard-Health Affairs (Ref. #
RC17/335/R). This study was conducted in accordance with
the Declaration of Helsinki.
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Results
Of a total of 302 cycles, 46 cycles (15.2%) were cancelled.
The pregnancy rate in the followed up cycles (n = 256) was
36.7%. There was a signi icant negative association between
progesterone level at HCG day and the pregnancy outcome,
with signi icantly higher mean progesterone level among
those with a negative pregnancy test than its counterpart
among those with a positive test (2.26 ± 1.81 vs 1.84 ± 1.01, t
= 2.37, p = 0.018, Table 1).
Applying the ROC curve for progesterone levels on hCG
day and the pregnancy test results shows that the optimum
trade-off level for progesterone was 1.5nmol/L, igure 1. This
cut-off level had a sensitivity of 59% and a speci icity of 51%
for prediction of a negative pregnancy test. The computed
positive predictive value was 68%. The area under the curve
(AUC) was 0.55. This re lects the low validity of this cut-off in
the prediction of pregnancy test results. At this cut-off level,
Table 1: 2 X 2 Cross tabulation of progesterone levels on hCG day and results of
pregnancy test.
Pregnancy test (n = 256)
Negative n = 162 Positive n = 94
2.26 ± 1.81

1.84 ± 1.01

t = 2.37
p = 0.018

≥1.5 nmol/L (n, %)

96

46

142

<1.5 nmol/L (n, %)

66

48

114

Mean progesterone level on hCG
day (nmol/L)
Progesterone level on hCG day

Sensitivity = 96/162 = 59%; Specificity = 48/94 = 51%; Positive Predictive Value (PPV)
= 96/142 = 68%, kappa = 0.103 (p = 0.077), AUC = 0.55, Absolute Risk Reduction
(ARR) = (96/142)-(66/114) = 10%, Relative Risk Reduction (RRR) = [(96/142)(66/114)]/(96/142) = 15%.

the absolute risk reduction was 10% and the relative risk
reduction was 15%, i.e.; pregnancy failure would be reduced
by 15% when P4 level is < 1.5nmol/L. At this cut-off, the level
of agreement between the P4 level and the pregnancy test
results, as calculated by kappa coef icient, was not signi icant
(k = 0.10, p = 0.077), Table 1.
Table 2 shows the comparison between cycles with
<1.5nmol/L and ≥1.5nmol/L mean progesterone level on
the hCG day (P4), in terms of; patients characteristics, cycle
characteristics, cycle outcome and complications. Cycles
whose mean level of progesterone at hCG day is ≥1.5nmol/L
showed signi icantly higher proportion of primary infertility
(54.1% vs 39.2%, χ2 = 6.54, p = 0.011), lower mean BMI (28.13
± 5.6 vs 29.76 ± 4.9, t = 2.62, p = 0.009) and higher mean
estrogen level (9602.09 ± 6952 vs 5518.36 ± 4359, t = 6.22,
p <0.001). They showed also less favorable outcome in terms
of term lower proportion of live birth (47.8% versus 68.1%,
χ2 = 3.92, p = 0.048), higher proportion of abortion (24.4%
versus 8.2%, χ2 = 4.25, p = 0.039), and higher proportion
of ovarian hyperstimulation (8.1% vs 2.3%, χ2 = 7.22, p =
0.027). Endometrial polyp was seen only in patients with low
progesterone level. The incidence of premature progesterone
elevation (PE) was 55.4% in all stimulation protocols. It was
58.5% (141/241) in antagonist protocol group, and 50.8%
(31/61) in agonist protocol group (χ2 = 1.17, p = 0.28).
After adjusting for BMI, type of infertility and estrogen
level at hCG day, the signi icant negative association between
P4 and pregnancy outcome was retained, with a p - value of
<0.03 (Table 3).

Table 2: Demographic profile, protocol, stimulation protocol and parameters and outcomes in IVF/ICSI cycles for two progesterone levels on the hCG day.
Progesterone level at hCG day
<1.5 nmol /L (n = 114)

≥1.5 nmol/L (n = 142)

χ2/t

P - value

Patient characteristics
Age (mean ± SD)

32.97 ± 4.62

32.43 ± 4.7

t = 0.995

0.322

Type of infertility (no, %)
Primary
Secondary

39.2% (51)
60.8% (79)

54.1% (93)
45.9% (79)

χ2 = 6.54

0.011

29.76 ± 4.9

28.13 ± 5.6

t = 2.62

0.009

BMI (mean ± SD)

Protocol & Stimulation parameters
Protocol:
GnRH agonist (20.2%, n = 61)

49.2% (30)

50.8% (31)

GnRH antagonist (79.8%, n = 241)

41.5% (100)

58.5% (141)

χ2 = 1.17

0.28

Endometrium thickness on hCG day

12.24 mm ± 13.6

10.93 mm ± 10.8

t = 0.915

0.341

E2 level on HCG (mean ± SD)

5518.36 ± 4359

9602.09 ± 6952

t = 6.22

<0.001

Number of Oocytes retrieved

10.85 ±16.7

13.46 ± 17.8

t = 1.304

1.97

Cycle’s outcomes
% (no.)

% (no.)

Pregnancy rate (36.7%, n = 94)

42.6% (49)

31.9% (45)

χ2 = 3.12

p - value
0.0.77

Term Live birth (58%, n = 54)*

72.3% (34)

46.7% (21)

χ2 = 3.92

0.048

Preterm live birth (10.8%,10)*

8.2% (4)

13.3% (6)

-

0.52@

Abortion 16.1% (n = 15)*

8.2% (4)

24.4% (11)

χ2 = 4.25

0.039

Chemical (no,%): (15.1%, 14)*

14.3% (7)

15.6% (7)

χ2 = 0.002

0.97

Cancelled cycles (15.2%, n = 46)

11.5 (15)

18% (31)

Cycle’s Complications

% (no.)

% (no.)

Ovarian hyperstimulation (5.6%, 17)

2.3% (3)

8.1% (14)

χ2 = 7.22

0.027

Endometrial polyp (0.7%, 2)

1.6% (2)

0% (0)

--

--

@----Fisher’s Exact test. *among patients with positive pregnancy test
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Table 3: Logistic regression analysis of progesterone level and pregnancy outcomes.
Independent variables

B (SE)

p - value

Progesterone level at hCG day

-0.24 (0.11)

<0.03**

BMI

-0.002 (0.01)

0.80

Infertility type (1ry vs 2ry)

-0.008 (0.26)

0.98

Estrogen level at hCG day

0.01 (0.01)

0.86

**Statistically significant.

Figure 1: Receiver operating characteristic curve of cut-off of progesterone level
at hCG day for pregnancy outcome.

Discussion
Pregnancy rate in our study was 36.7%. This igure was
comparable to igures of 30.6% [19] and 34% [20] in previous
studies. A progesterone rise during the late follicular phase
(P4) has been considered a negative predictive factor for
clinical outcome in both GnRH agonist [4,21] and antagonist
protocols [7,22]. In our study, there was a signi icant negative
association between P4 level on hCG day and the pregnancy
outcome, with signi icantly higher mean P4 level among those
with negative pregnancy test than its counterpart among
those with positive test. This inding was in agreement with
what was reported by Mascarenhas, et al. [20] and Ashmita, et
al. [19], Higher P4 level in our study was also associated with
lower rate of term live birth and higher rates of abortion and
ovarian hyperstimulation. Huang, et al. [17], in a study of 2566
patients, reported that PE negatively correlated with live birth
in fresh embryo transfer cycles. Data from large previous
retrospective [7] and prospective [23] studies supported the
notion that pregnancy rates are inversely related to P4 levels,
especially when a threshold of 1.5ng/ml is adopted.
The relationship between progesterone elevation (PE)
and pregnancy rate has been analyzed by using different
thresholds of serum progesterone on the day of hCG. The
thresholds were varied and found to be between 0.4ng/ml and
Published: September 11, 2019

3ng/ml [9]. The analysis of a large series by Bosch, et al. [7],
the optimal progesterone threshold over which a detrimental
effect on IVF outcome might be observed has been estimated
at 1.5ng/ml. In our study, applying the ROC curve for P4 and
the pregnancy test results showed that the optimum trade-off
level for progesterone was 1.5nmol/L. This cut-off level had
a sensitivity of 59% and a speci icity of 51% for prediction
of a pregnancy test result. The computed positive predictive
value was 68%. Thus, at this cut-off level, the progesterone
test correctly diagnosed 59% of negative pregnancy test
results, missed 41% of these negative pregnancy tests, but
misclassi ied 49% of positive pregnancy results as negative
results (false positives). At this cut-off level, absolute risk
reduction was 10% and relative risk reduction was 15%, i.e.;
pregnancy failure would be reduced by 15% when the level
of P4 is less than 1.5nmol/L. The level of agreement between
the P4 and the pregnancy test results, as calculated by kappa
coef icient, was not signi icant (k = 0.10, p = 0.077). Meanwhile,
there was no signi icant difference between the group with P4
<1.5nmol/L and those with ≥1.5nmol/L in pregnancy rate.
These indings may re lect that the low validity of the cut-off
of 1.5nmol/L for P4 in the prediction of pregnancy outcome.
Even, using the cut-off of ≥1.2nmol/L, recommended by
others [7], would result in a very low (28%) sensitivity, 69%
speci icity and 61% positive predictive value.
The pathogenesis of PE in controlled ovarian
hyperstimulation (COH) cycles is still poorly understood.
The incidence of PER in our study was 55.5% (142/256),
based on a cut-off level of 1.5nmol/L for P4. This igure is
high if compared with igures of 13.19% [19], 13.02% [18]
and 38.3% [7]. However, comparison is dif icult when the
de inition of PE is different in various studies. Among factors
associated with PE are the type of protocol, the type and total
dose of gonadotropin given, E2 levels on the day of trigger and
the number of intermediate follicles recruited [19]. Bosch,
et al. [7] concluded that estrogen values on the day of hCG
trigger were associated with increased progesterone levels (P
<0.0001).In our study, higher mean level of P4 of ≥1.5nmol/L
showed signi icantly higher mean estrogen level (E2). This
was in agreement with the indings of Ashmita, et al. [19] who
reported a higher incidence of PE in the cycles with E2 ≥2500
IU. The incidence of elevated progesterone concentrations
was higher in rFSH-treated patients than in HMG-treated
patients [23], and in cases with large doses of gonadotropins
given [19,24]. However, in our study, there was no signi icant
association between the type of protocol and P4 level. The
mean number of oocytes retrieved was signi icantly higher in
patients with higher P4 levels [25], but our study showed no
such association. In our study, signi icant associations were
shown between P4 level and only 3 variables; type of infertility
and BMI and E2 level, however, none of these variables had a
signi icant association with the pregnancy rate. Adjusting for
these variables, P4 level was the only signi icant predictor of
pregnancy outcome.
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Conclusion
Premature progesterone level on the day of hCG in IVF/
ICSI cycles might have a role in predicting pregnancy outcome.
However, the cut-off of ≥1.5nmol/L for progesterone on the
hCG day is not a valid threshold in the prediction of pregnancy
outcome. Further studies are necessary to con irm these
indings.
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