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Abstract

Objective: The aim of the study was to assess the lower limits of midluteal plasma progesterone and estradiol
concentrations in patients who achieved pregnancy with timed intercourse or intrauterine insemination without a

human menopausal gonadotropin stimulation.

Results: We included 297 pregnant cycles of 297 women and assessed midluteal plasma progesterone and estradiol
concentrations and pregnancy outcomes, retrospectively. These cycles were compared with the non-pregnant cycles
(406 cycles) of the same women who became pregnant. Mean midluteal plasma P4 and E2 concentrations were sig-
nificantly (P < 0.01) higher in pregnant cycles (14.5 and 188.5 pg/mL) than in non-pregnant cycles (10.7 and 162.6 pg/
mL). The 5 percentiles of progesterone and estradiol in pregnant cycles were 5.6 and 70.2 pg/mL, respectively. The
lowest progesterone and estradiol levels in pregnant cycles were 2.3 and 23.4 pg/mlL, respectively. In non-pregnant
cycles, many women had low P4 levels that were less than 5.6 ng/mL. Subgroup analyses showed slight differences
among the four groups, which may have been due to the ovarian function of each group. Miscarriage was not related
to progesterone and estradiol concentrations. These values may be useful for the evaluation of necessary values for
pregnancy with timed intercourse or intrauterine insemination.
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Introduction

Progesterone (P4) and estradiol (E2) are important for a
normal menstrual cycle, implantation, and early embry-
onic development [1]. Since inadequate levels of these
hormones (particularly P4) may lead to unsuccessful
pregnancy and/or miscarriage [1], luteal phase deficiency
(LPD) has been described and discussed. However, a
diagnostic test for LPD has not yet been proven to be
reliable in clinical settings (e.g., basal body temperature
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charting, urinary luteinizing hormone detection Kkits,
luteal P4 levels, and endometrial biopsy) [1].

The midluteal plasma P4 concentration is considered to
be one of the best markers for ovulation and luteinization
because P4 may reflect the functions of the corpus luteum
[2-4]. However, the optimal times to conduct measure-
ments and the methods by which to evaluate P4 values
have not yet been established, and the minimum P4 con-
centration that defines fertile luteal function currently
remains unknown. To the best of our knowledge, only
one previous study reported reference values for mid-
luteal P4 in 192 patients who achieved pregnancy with
human menopausal gonadotropin (hMG)-stimulated

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://orcid.org/0000-0002-6527-434X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13104-018-3188-x&domain=pdf

Takaya et al. BMC Res Notes (2018) 11:61

cycles [5]. Since that study included 48 multiple pregnan-
cies and hMG (150 IU) was administered daily, the mean
value for P4 was relatively high at 29.07 ng/mL. The mini-
mum value for full-term singleton pregnancy (N = 72)
was concluded to be 10.83 ng/mL [5]. Besides P4, E2 is
regarded as a marker for ovulation and luteinization [6].
We conducted this study in order to identify minimum
values for P4 and E2 in patients who became pregnant
with timed intercourse (TI) or intrauterine insemination
(TUI) without hMG stimulation, because a hMG stimula-
tion leads to increases in P4 and E2 [1]. If it is possible
to establish these values, they might be useful for evalua-
tions of the necessary values for pregnancy with not only
TI or IUI, but also natural cycle-frozen embryo transfer
(FET) with the same protocol.

Main text

Materials and methods

A single-center retrospective study was performed. All
patients gave written informed consent for this study.
Institutional Review Board (IRB) approval was obtained
from Jinjukai Ishikawa Hospital (the mother organization
of Reproduction Clinic Osaka).

After opening of our institute on October 2013, we have
been analyzing midluteal plasma P4 and E2 for all women
who hoped for children in all cycles of TI or IUIL At the
time of venipuncture, we asked patients whether they
wanted to participate in the present study, and those who
provided written informed consent were included. Since
the purpose of this study is to determine the lower limit
of P4 and E2 in order to achieve pregnancy, we excluded
the cycles without pregnant. Between October 2013 and
December 2016, 307 women (all Japanese) who became
pregnant with TI or IUI were included in the present
study. After exclusion of 4 twin pregnancies and 6 ectopic
pregnancies, 297 cycles were evaluated for analyses. As
a comparison group, we used the non-pregnant cycles
of the same women who became pregnant. We included
a natural cycle or minimum ovarian stimulation for fol-
licle growth. Ovulation induction cycles with hMG were
excluded. The minimum ovarian stimulation included
letrozole (2.5 mg x 2-4 days, Novartis Pharma K.K.,
Tokyo, Japan), cyclofenil (300-600 mg x 5 days, Aska
Pharmaceutical Co., Ltd., Tokyo, Japan), and clomifene
(50 mg x 3-5 days, Fuji Pharma Co., Ltd., Tokyo, Japan).
Follicular development was monitored by vaginal ultra-
sonography (LOGIQ A5, GE Healthcare Japan, Tokyo,
Japan). Cycles with three or more developing follicles were
canceled. In all cycles, gonadotropin releasing hormone
agonist (GnRHa, buserelin acetate 600 pg, Fuji Pharma
Co., Ltd) was administered as a trigger. Ovulation was
confirmed by ultrasound and serum samples were col-
lected on the 7th day after ovulation. Blood was collected
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from the forearm of patients with a 21G needle. After
venipuncture, blood was centrifuged at 3800 rpm x 5 min
(Mode 2420, Kubota Corporation, Gunma, Japan), and
serum samples were shipped to a clinical laboratory com-
pany (Medic Co., Shiga, Japan) on the same day. Serum
P4 and E2 concentrations were measured by the com-
pany (Medic Co.) using a chemiluminescent enzyme
immunoassay (progesterone and estradiol II, Architect®,
Abott Japan Co., Ltd., Tokyo, Japan). Cycles with luteal
support were excluded. We retrospectively evaluated the
minimum levels of E2 and P4 in the cycle achieving preg-
nancy. Miscarriage was defined as a missing or undetect-
able heart beat at 12 weeks of gestation, while ongoing
pregnacy was defined as a confirmed heart beat beyond
12 weeks of gestation.

The Kruskal-Wallis H-test (two-sided) was used for
comparisons among three or more groups. The Mann—
Whitney U-test (two-sided) was used for comparisons
between two groups. Correlations were detected by Pear-
son’s test. Significance was defined as P < 0.05.

Results

In this cohort, 297 pregnant cycles of 297 women were
evaluated for analyses, and were compared with the non-
pregnant cycles (406 cycles) of the same women who
became pregnant. Patient profiles and endocrine param-
eters were shown in Table 1. No significant differences
were observed in age or BMI between the two groups.
Mean midluteal plasma P4 and E2 concentrations were
significantly (P < 0.01) higher in pregnant cycles (14.5
and 188.5 pg/mL) than in non-pregnant cycles (10.7 and
162.6 pg/mL). The 5 percentiles of P4 and E2 in pregnant

Table 1 Patient profiles and endocrine parameters

Pregnant Non-pregnant P value
Patient number 297 159
Cycle number 297 406
Age (years)* 334+40 33.6+38 NS
BMI (kg/m?)* 20.7 £2.8 20.7 £2.7 NS
P4 (ng/mL)
Mean* 145+76 10.7 £ 80 <0.01
Median 12.6 9.7 NA
59%o P4 56 0.54 NA
Lowest P4 23 0.1 NA
E2 (pg/mL)
Mean* 1885+ 11838 162.6 £107.8 <0.01
Median 152.1 134.1 NA
5%o E2 70.2 42.8 NA
Lowest E2 234 253 NA

NS not significant; NA = not available

*Values are indicated by means =+ standard deviations. The Mann-Whitney
U-test (two-sided) was used for comparisons between the two groups
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cycles were 5.6 and 70.2 pg/mL, respectively. The lowest
P4 and E2 levels in pregnant cycles were 2.3 and 23.4 pg/
mL, respectively.

Pregnant cycles were divided into four groups (letro-
zole 26 cycles, cyclofenil 75 cycles, clomifene 132 cycles,
no medication 64 cycles) for the subgroup analyses
(Table 2). No significant difference was observed in BMI
among the four groups. The letrozole group (31.2 years)
was significantly younger than the clomifene group
(33.9 years, P < 0.01) and the cyclofenil group (33.8 years,
P < 0.05). Mean midluteal plasma P4 concentrations were
significantly higher in the clomifene group (17.2 ng/mL)
than in the cyclofenil group (12.0 ng/mL, P < 0.01) and
no medication group (12.8 ng/mL, P < 0.05). Mean mid-
luteal plasma E2 concentrations were significantly higher
(P < 0.01) in the clomifene group (241.8 pg/mL) than in
the letrozole (127.7 pg/mL), cyclofenil (146.9 pg/mL),
and no medication (149.5 pg/mL) groups.

Since a previous study reported that letrozole decreases
E2 levels [7], we evaluated the data with or without letro-
zole in pregnant cycles. A correlation between E2 and
P4 was observed in cycles without letrozole (R = 0.60,
P < 0.01), but not in cycles with letrozole (R = 0.13).
According to the scatter plot for E2 and P4 in preg-
nant cycles without letrozole (Fig. 1a), miscarriage (red
squares) was not associated with either E2 or P4 concen-
trations. However, P4 in miscarriage group was slightly
reduced compared with ongoing pregnancy group (blue
diamonds) without statistical significance. As a con-
trol group, Fig. 1b shows a scatter plot for E2 and P4 in

Table 2 Subgroup analyses in pregnant cycles
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non-pregnant cycles without letrozole. Many women had
low P4 levels less than 5.6 ng/mL. However, some women
also had high P4 levels.

Discussion

Our results suggest that the lower limits (5%o) of mid-
luteal plasma P4 and E2 in patients who became preg-
nant with TI or IUI without hMG stimulation were 5.6
and 70.2 pg/mL, respectively. This is the first study to
report reference values for P4 and E2 in patients with
pregnancy without an hMG stimulation. Only one previ-
ous study showed the minimum value of midluteal P4 in
72 patients who achieved a singleton pregnancy in stimu-
lated cycles (hMG 150 IU daily) with timed intercourse
as 10.8 ng/mL [5]. We set the lower limit of P4 and E2
as 5%o, because the World Health Organization (WHO)
determined semen quality parameters as 5%o for the
lower reference limit [8].

As minimum values, ovulation and luteinization are
confirmed when midluteal P4 was more than 1.8-5.0 ng/
mL [9-13]; however, it has yet to be established whether
these values are adequate for pregnancy. Since pregnancy
is the best evidence for adequate ovulation and luteiniza-
tion, reference values for P4 and E2 need to be evaluated
in pregnant cycles only. In non-pregnant cycles, many
women had low P4 levels less than 5.6 ng/mL, while some
had high P4 levels; other factors may have contributed to
the failure to achieve pregnancy in the latter.

Recent evidence was obtained to show reference val-
ues for P4. The nucleolar channel system (NCS) in the

Letrozole Cyclofenil Clomifene No medication P value
(n=26) (n=75) (n=132) (n=64)
Age (years)* 312 +£30% 338439 339+40 334442 <001
BMI (kg/mz)* 205436 204+ 24 211428 204 +29 NS
P4 (ng/mL)
Mean* 128 £ 4.1 120459° 172 4+£90 12.8 4 5.4¢ <0.01
Median 129 1.1 154 1.9 NA
5%o P4 59 48 6.6 58 NA
Lowest P4 4.6 23 3.7 50 NA
E2 (pg/mL)
Mean* 127.7 & 84.6° 146.9 4 80.6° 2418 £ 1387 149.5 4 56.9° <001
Median 106.8 1331 2033 140.1 NA
5%o0 28.2 59.9 933 713 NA
Lowest E2 234 442 70.2 71.1 NA

NS not significant, NA not available

*Values are indicated by means =+ standard deviations. The Kruskal-Wallis H-test (two-sided) was used for comparisons among the four groups

? The Mann-Whitney U-test (two-sided) was used for comparisons between the two groups compared with clomifene group (P < 0.01)

b The Mann-Whitney U-test (two-sided) was used for comparisons between the two groups compared with cyclofenil group (P < 0.05)

¢ The Mann-Whitney U-test (two-sided) was used for comparisons between the two groups compared with clomifene group (P < 0.05)
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Fig. 1 a Scatter plot for E2 and P4 concentrations in pregnant
cycles without letrozole. Red squares indicate miscarriages (miss-
ing or undetectable heart beat at 12 weeks of gestation), and blue
diamonds indicate ongoing pregnancies as a confirmed heart beat
beyond 12 weeks of gestation. b Scatter plot for E2 and P4 concentra-
tions in non-pregnant cycles without letrozole

endometrium is a marker for endometrial receptivity
[14]. An NCS study in the endometrium revealed that the
minimum P4 level was 4.0 ng/mL [15]. This value indi-
cated ovulation only; it did not indicate the necessary
value for pregnancy. Since there is no linear correlation
between the prevalence of NCS and P4 levels, this level
simply indicated the P4 threshold level. Thus, endome-
trial receptivity may require 4.0 ng/mL or more of P4.

In terms of a luteal phase deficiency, there is currently
no standard P4 value during the luteal phase in normal
fertile women [1, 16, 17]. Therefore, whether the mini-
mum P4 concentration defines fertile luteal function
remains unknown. Moreover, corpus luteum functions
vary from cycle to cycle because the corpus luteum
changes from cycle to cycle [2, 3]. Since it currently
remains unclear whether women have a luteal phase
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deficiency [1], a minimum value may be useful as a treat-
ment tool.

Subgroup analyses showed slight differences among
the four groups, which may have been due to the ovar-
ian function of each group differing at the time of the
selection of medication by the physician. However, the
number of samples in each group was too small to reach
a concrete conclusion. Therefore, we included all women
in the present study.

Conclusions

The lower limits of midluteal plasma P4 and E2 concen-
trations in patients who achieved pregnancy with TI or
IUI without an hMG stimulation were 5.6 ng/mL and
70.2 pg/mL, respectively, in our limited study population.

Limitations

This was a retrospective observational study. A prospec-
tive study may be difficult to perform to assess mini-
mum values for pregnancy because data from pregnant
patients only are needed for analyses. Furthermore, since
P4 levels may fluctuate in the 90-min period during the
midluteal phase (2.3-40.1 ng/mL) [18], a single value may
not be sufficient. However, since the aim of the present
study was to assess the minimum values of P4 and E2,
fluctuations may not have influenced the data obtained.
Moreover, the sample size may have been too small to
establish the minimum values of P4 and E2, and this
was a single-center study conducted in the Osaka region
using a single ethnicity (only Japanese). Therefore, further
studies are needed in order to obtain minimum values in
ethnic groups other than Japanese.
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