
524  |     Reprod Med Biol. 2021;20:524–536.wileyonlinelibrary.com/journal/rmb

Received: 26 July 2021  | Accepted: 3 September 2021

DOI: 10.1002/rmb2.12412  

O R I G I N A L  A R T I C L E

Novel approaches to the management of recurrent pregnancy 
loss: The OPTIMUM (OPtimization of Thyroid function, 
Thrombophilia, Immunity, and Uterine Milieu) treatment 
strategy

Keiji Kuroda1,2  |   Yuko Ikemoto2 |   Takashi Horikawa1  |   Azusa Moriyama1 |   
Yuko Ojiro1 |   Satoru Takamizawa1  |   Toyoyoshi Uchida3 |   Shuko Nojiri4,5 |   
Koji Nakagawa1  |   Rikikazu Sugiyama1

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2021 The Authors. Reproductive Medicine and Biology published by John Wiley & Sons Australia, Ltd on behalf of Japan Society for Reproductive Medicine.

1Centre for Reproductive Medicine and 
Implantation Research, Sugiyama Clinic 
Shinjuku, Tokyo, Japan
2Department of Obstetrics and 
Gynaecology, Faculty of Medicine, 
Juntendo University, Tokyo, Japan
3Departments of Metabolism and 
Endocrinology, Faculty of Medicine, 
Juntendo University, Tokyo, Japan
4Medical Technology Innovation Centre, 
Juntendo University, Tokyo, Japan
5Clinical Research and Trial Centre, 
Juntendo University Hospital, Tokyo, 
Japan

Correspondence
Keiji Kuroda, Centre for Reproductive 
Medicine and Implantation Research, 
Sugiyama Clinic Shinjuku, 1- 19- 6, 
Nishishinjuku, Shinjuku- ku, Tokyo, 160- 
0023, Japan.
Email: kuroda@sugiyama.or.jp

Funding information
Japan Society for the Promotion of 
Science, Grant/Award Number: 18K09273

Abstract
Purpose: Does the OPtimization of Thyroid function, Thrombophilia, Immunity, and 
Uterine Milieu (OPTIMUM) treatment strategy, developed for treating repeated im-
plantation failure (RIF), contribute to improving pregnancy outcomes in patients with 
a history of recurrent pregnancy loss (RPL)?
Methods: Between 2018 and 2019, women with RPL after two or more clinical preg-
nancy losses underwent RPL testing. We treated chronic endometritis with antibi-
otics, high Th1/Th2 cell ratios with vitamin D and/or tacrolimus, overt/subclinical 
hypothyroidism with levothyroxine, and thrombophilia with low- dose aspirin. Of 
168 consecutive women aged ≤43 years, 115 underwent RPL testing. We compared 
100 pregnancies (90 women) and 46 pregnancies (41 women) with and without the 
OPTIMUM treatment strategy, respectively.
Results: RPL testing identified intrauterine abnormalities in 66 (57.4%), elevated Th1/
Th2 cell ratios in 50 (43.5%), thyroid dysfunction in 33 (28.7%), and thrombophilia 
in 33 (28.7%). The live birth rate in the OPTIMUM group was significantly higher 
than that in the control group among women aged <40 years (78.1% and 42.3%, re-
spectively; p = 0.002), but no significant difference was observed in women aged 
≥40 years (55.6% and 30.0%, respectively; p = 0.09).
Conclusions: The OPTIMUM treatment strategy improved pregnancy outcomes in 
patients with not only RIF but also RPL.
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1  |  INTRODUC TION

Pregnancy loss is the most frequent complication during pregnancy.1 
Yet, ≥50% of women with a history of recurrent pregnancy loss (RPL) 
have no risk factors.2– 4 Women with unexplained RPL may suffer 
repeated sporadic miscarriage, but cannot give birth because of risk 
factors undetectable using common RPL screening.5 Although many 
clinical trials for unexplained RPL have been performed, there re-
mains no established treatment.6,7

Pregnancy loss is considered a multifactorial disease, as com-
plex multiple influences including lifestyle habits also affect 
pregnancy outcomes.8– 10 We previously reported a combination 
treatment for abnormalities of intrauterine circumstances, im-
mune status, and thyroid function, referred to as the “OPTIMUM” 
(OPtimization of Thyroid function, Immunity, and Uterine Milieu) 
treatment strategy, for treatment of repeated implantation failure 
(RIF) after multiple embryo transfer cycles in assisted reproductive 
technology (ART) treatment.11 In this strategy, we detected and 
treated the risk factors for reproductive failure including intrauter-
ine disorders, elevated helper- T (Th)1/Th2 cell ratios, and thyroid 
dysfunction.

Thyroid dysfunction has been established as a risk factor for 
RPL.12,13 but intrauterine organic abnormalities including endo-
metrial polyps and submucosal myomas remain insufficient evi-
dence.12 However, hysteroscopic surgery dramatically improves 
pregnancy rate, because intrauterine disorders can impair the 
chance of embryo implantation.14,15 Persistent endometrial in-
flammation (ie, chronic endometritis [CE]) is also not included 
among the risk factors of RPL because of a lack of reliable ev-
idence. However, CE was recognized in the local endometrium 
of 24% to 56% of women with a history of RPL.16– 18 Previous re-
search showed that unexplained RPL is involved in an endometrial 
proinflammatory response with an abnormally increased density 
of uterine natural killer (uNK) cells and aberrant angiogenesis in 
endometrial stromal cells19– 21; therefore, CE is a potential risk fac-
tor for RPL. The relationship between immunological abnormality 
and RPL is also unknown. Successful pregnancy requires balancing 
Th1 and Th2 cells with secretion of pro-  and anti- inflammatory 
cytokines, respectively; thus, perturbations in the Th1/Th2 cell 
ratio with Th1 bias can cause not only implantation failure but 
also pregnancy loss.22,23 Local and systemic abnormal inflamma-
tory reactions are linked to unexplained RPL. Furthermore, in our 
previous study of the OPTIMUM treatment strategy, we exam-
ined and treated thrombophilia with low- dose aspirin, because the 
prevalence of thrombophilia is relatively high in women with an 
RIF history.24,25 Therefore, the OPTIMUM treatment strategy can 
cover various risk factors for pregnancy loss.

In this study, we analyzed the prevalence of impaired intrauter-
ine circumstances, elevated Th1/Th2 cell ratios, thyroid dysfunc-
tion, and thrombophilia, and the prognosis of clinical pregnancy 
in women with a history of RPL after the OPTIMUM treatment 
strategy.

2  |  MATERIAL S AND METHODS

2.1  |  Patient selection

This study is a retrospective cross- sectional study. A total of 180 
consecutive women with a history of RPL after two or more clini-
cal pregnancy losses visited the Sugiyama Clinic Shinjuku from April 
2018 to December 2019. After excluding 12 women aged ≥44 years, 
168 women were recruited (Figure 1). To detect the prevalence of 
risk factors for RPL, 115 women including 67 aged <40 years and 48 
aged ≥40 years underwent our RPL testing for the OPTIMUM treat-
ment strategy in our clinic. The remaining 53 women without RPL 
testing including examinations for thyroid function and thrombo-
philia were also recruited as the control group. In the control group, 
some of the patients did not desire RPL testing or some doctors did 
not suggest RPL testing.

In the OPTIMUM group, 102 clinical pregnancies were confirmed 
in 92 women. We excluded two women who did not want to un-
dergo our immunotherapy, tacrolimus; therefore, 100 pregnancies in 
90 women were recruited for analysis of the therapeutic efficacy of 
the OPTIMUM treatment strategy. In the control group, 46 clinical 
pregnancies were confirmed in 41 women. Therefore, we compared 
the pregnancy prognosis in the OPTIMUM group with that of the 
control group. An intrauterine gestational sac by transvaginal ultra-
sound was used to diagnose clinical pregnancy. Pregnancy loss was 
defined as a loss of clinical pregnancy, not a biochemical pregnancy. 
Infertility was defined as the failure to achieve clinical pregnancy 
after unprotected intercourse for 12 months or longer.

We compared women with a successful live birth (live birth group) 
and those with a pregnancy loss (miscarriage group) in their first 
pregnancies among 90 women who conceived after the OPTIMUM 
treatment strategy. To analyze the predictive factors in 113 women, 
including those unable to conceive for 6 to 14 months after the 
OPTIMUM treatment strategy, we also compared women who had 
a successful live birth within two pregnancies (success group) and 
those with no pregnancy or pregnancy loss (failure group). This study 
was approved by the local ethics committee of Juntendo University, 
Faculty of Medicine (No. 14– 103) and Sugiyama Clinic (No. 18– 002).

2.2  |  OPTIMUM treatment strategy protocol

The design of OPTIMUM treatment strategy was described pre-
viously11 (Figure 2). Our RPL testing consisted of the following: 
hysteroscopy; endometrial biopsy for CD138 immunostaining and 
intrauterine bacterial culture; measurement of serum levels of 
25- hydroxyvitamin D3 (25OHVD), interferon (IFN)- γ– producing 
Th cell (Th1 cell) and interleukin (IL)- 4- producing Th cell (Th2 cell); 
testing for thyroid function including thyroid- stimulating hormone 
(TSH) levels and thyroid peroxidase antibody (TPOAb); and throm-
bophilia screening for antiphospholipid syndrome (APS), protein 
C and S deficiency and factor XII deficiency. We did not perform 
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preimplantation genetic testing for aneuploidy (PGT- A) and struc-
tural rearrangements (PGT- SR) or endometrial microbiome analysis.

2.3  |  Medical interview for lifestyle habits

Pregnancy loss is caused by multiple environmental, genetic, and life-
style factors.8,9 Risk factors that increase the rate of pregnancy loss 
1.5-  to 2- fold include smoking 10 to 20 or more cigarettes daily,26,27 
daily caffeine intake of two to three cups of coffee,28 drinking alcohol 
twice a week or more,29 and obesity with a body mass index >30 kg/
m2.30 Thus, we confirmed the women's lifestyle habits and recom-
mended adjustments such as cessation of smoking, caffeine intake, 
and drinking as well as diet and moderate exercise for obesity. The 
experience of pregnancy loss is often physical burden, leading to 
depression, anxiety disorders, and insomnia.31– 33 Maternal stress is 
involved in an increased risk of pregnancy loss.34,35 Therefore, coun-
seling was provided as necessary to relieve their stress and anxiety.

2.4  |  Tests and treatment for intrauterine 
circumstances

To confirm intrauterine milieu, we performed a hysteroscopy and 
endometrial biopsy for CE. When intrauterine diseases including 

submucosal myomas, endometrial polyps, and intrauterine adhesion 
were detected by hysteroscopy, we performed hysteroscopic sur-
gery first. On the day of surgery, all women underwent endometrial 
sampling for intrauterine bacterial culture with antibiotic sensitivity 
testing using endometrial suction curette (Pipet Curet; Fuji Medical 
Corporation, Tokyo, Japan) after the vagina was washed sufficiently 
with physiological saline to prevent sample contamination. All in-
trauterine disorders and typical CE findings such as an erythrogenic 
surface, stroma, and micropolyps36 were removed using a monopolar 
resecting loop (Olympus, Tokyo, Japan) without applying electrodes, 
as described previously.37 The specimens were fixed in 10% formalde-
hyde for histological examination with CD138 immunohistochemistry 
staining. We sent the samples to BML, Inc. (Tokyo, Japan) for both 
CD138 immunostaining and bacterial cultures. Pathologists stained 
the specimens using anti- CD138 antibodies (M7228; Dako, Agilent 
Technologies Japan, Ltd., Tokyo, Japan) and counted the CD138- 
positive plasmacytes in 10 nonoverlapping random stromal areas 
visualized at 400- fold magnification (BML, Inc.); CE was diagnosed 
with the presence of five or more CD138- positive cells. In our previ-
ous study, most CE in women with endometrial polyps were cured 
by polypectomy without antibiotic therapy.37 Unnecessary antibiotic 
treatment decreased the CE recovery rates by polypectomy and preg-
nancy outcomes after surgery.37 Therefore, CD138 immunostaining 
and bacterial cultures were reexamined without antibiotics during the 
luteal phase in the next menstruation cycle after surgery.

F I G U R E  1  Flowchart of patient selection. Of 180 women with recurrent pregnancy loss (RPL), we recruited 168 women, including 115 
women who underwent our RPL testing (OPTIMUM group) and 53 women without RPL testing (control group); 12 women aged ≥44 years 
were excluded. To analyze the efficacy of the OPTIMUM treatment strategy, 100 pregnancies in 90 women in the OPTIMUM group and 46 
pregnancies in 41 women in the control group were recruited
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Our treatment protocol for CE without intrauterine disorders 
was described previously.38 Women underwent endometrial sam-
pling during the luteal phase. When CE was diagnosed, patients 
received oral doxycycline (Vibramycin® tablets; Pfizer Japan Inc., 
Tokyo, Japan), 100 mg twice a day for 2 weeks as the first choice. 
If CE was not cured and specific bacteria were detected (except for 
Lactobacillus spp. or Bifidobacterium spp.), second- line therapy con-
sisted of bacterium- sensitive antibiotics for 2 weeks, based on the 
results of the antibiotic sensitivity testing. If CE was not cured with-
out specific bacteria, we administered a combination of amoxicillin 
(Sawacillin® tablets, 250 mg; LTL Pharma Co., Ltd.), azithromycin 
(Azithromycin tablets, 250 mg; Fuji Pharma Co., Ltd.), metronidazole 
(Flagyl®, 250 mg; Shionogi & Co., Ltd.), and antibiotic- resistant lactic 
acid bacteria (Biofermin- R® tablets, 6.0 mg; Biofermin pharmaceu-
tical Co., Ltd.) twice daily for 2 weeks. When CE was not cured by 
antibiotic treatment, dilatation and curettage (D&C) was performed 
to remove the endometrium with plasmacytes.

2.5  |  Tests and treatment for Th1/Th2 cell balance

Immune testing consisted of measuring serum 25OHVD, IFN- 
γ, and IL- 4 using SRL Inc. (Tokyo, Japan) as described previ-
ously.39,40 Vitamin D deficiency, insufficiency, and sufficiency were 
diagnosed as 25OHVD levels of <12, between ≥12 and <30, and 

≥30 ng/ml, respectively.41 Th1 and Th2 cell levels were measured as 
CD4+ T lymphocytes with IFN- γ without IL- 4 and CD4+ T lympho-
cytes with IL- 4 without IFN- γ, respectively.

Vitamin D insufficiency and deficiency were treated with vitamin 
D supplementation (Sugiyama Clinic Original Vitamin D Supplement, 
Calinesse, Tokyo, Japan) containing vitamin D3 (cholecalciferol). 
Vitamin D was supplemented at 1000 or 2000 IU daily for 25OHVD 
levels of ≥20 and <30 ng/ml or <20 ng/ml, respectively, based on our 
previous report.39 Based on the previous study, the definition of high 
Th1/Th2 cell ratios was determined to be >10.3.40 Elevated Th1/Th2 
cell ratios can be attenuated by vitamin D supplementation39; there-
fore, when the women had high Th1/Th2 cell ratios and low 25OHVD 
levels, the serum levels of 25OHVD, Th1, and Th2 cells were retested 
after 3 months or more of vitamin D intake. When their 25OHVD levels 
were <30 ng/ml, the daily dose of vitamin D supplementation was in-
creased by a further 1000 IU. When high Th1/Th2 cell ratios could not 
be controlled, we treated them using an immunosuppressive drug, tac-
rolimus (Prograf® capsules, 1 mg; Astellas Pharma), as described previ-
ously.40,42 Women with RPL who had Th1/Th2 cell ratios of 10.3– 12.9, 
13.0– 15.7, and ≥15.8 were treated with 1, 2, and 3 mg of tacrolimus 
daily, respectively, from the day of positive pregnancy test (4– 5 weeks 
of gestation). In some women with a history of RIF, the intake of tac-
rolimus was initiated from 1 day before the day of embryo transfer, as 
in our previous trial.11 In women with aberrant elevated Th1 cell levels 
(≥28.8), the dosage of tacrolimus was increased by a further 1 mg.42

F I G U R E  2  Recurrent pregnancy loss testing and treatment for risk factors of pregnancy loss. Recurrent pregnancy loss (RPL) testing 
included a hysteroscopy, endometrial biopsy for CD138 immunostaining and bacterial culture, and blood testing for 25- hydroxyvitamin D3, 
interferon- γ– producing helper- T (Th1) cell, interleuking- 4- producing helper- T (Th2) cell, thyroid function, and thrombophilia. We treated 
intrauterine organic disorders with hysteroscopic surgery, chronic endometritis with antibiotics and/or dilatation and curettage, high Th1/
Th2 cell ratios with vitamin D supplementation and/or tacrolimus, overt or subclinical hypothyroidism with levothyroxine and thrombophilia 
with low- dose aspirin and/or low- molecular- weight heparin [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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2.6  |  Tests and treatment for thyroid function

To examine thyroid function, we measured serum TSH and TPOAb 
levels using a commercial electrochemiluminescence immunoas-
say (normal range: 0.56– 4.30 μIU/ml, Roche Diagnostics) and an 
enzyme- linked immunosorbent assay (normal range: <16.0 IU/ml; 
Roche Diagnostics), respectively. The treatment threshold for thy-
roid abnormalities using levothyroxine in the patients with RPL was 
TSH ≥2.5 μIU/ml. All women with levothyroxine treatment main-
tained TSH levels <2.5 μIU/ml and continued until live birth.

2.7  |  Tests and treatment for thrombophilia

Thrombophilia tests consisted of measuring serum levels of protein 
C and S activities, factor XII, antiphospholipid antibodies including 
lupus anticoagulant, anticardiolipin antibodies including IgG and IgM 
and anti- β2- GP1 antibodies including IgG and IgM. When positive 
antiphospholipid antibody was confirmed, the detected antibody 
was remeasured 3 months later and the decision to administer low- 
dose aspirin (Bafferin Combination Tablet A81, 81 mg; Eisai Co., Ltd.) 
was made. Treatment with low- dose aspirin was started from the day 
of the positive pregnancy test. In some women with a history of RIF, 
daily aspirin intake was initiated from 10 days after ovulation or the 
start of progesterone administration in embryo transfer cycles, as in 
our previous trial.11 We administered low- molecular- weight heparin 
to only one woman with APS who had a clinical pregnancy loss with 
normal karyotype even with treatment with low- dose aspirin.

2.8  |  Treatment for women without risk factors

When any risk factors, except for vitamin D insufficiency, were not 
detected after RPL testing, we recommended supplementation of 
30 mg dydrogesterone tablets (Duphastone 5 mg, Abbott Japan LLC, 
Tokyo, Japan) three times daily until 12 weeks of gestation. Deficient 
or inadequate progesterone secretion during the luteal phase is as-
sociated with pregnancy loss,43 and unexplained RPL is involved in 
perturbed decidual change of the endometrium.44,45 Delayed im-
plantation timing of an embryo is also linked to an increased risk of 
subsequent pregnancy loss rates.46 Therefore, luteal support with 
progesterone treatment has a potential therapeutic effect on induc-
ing decidualization of the endometrium and optimizing the timing of 
implantation, leading to pregnancy loss prevention.

2.9  |  Statistical analysis

All statistical analyses were performed using Statistical Analysis 
System version 9.4 (SAS Institute, Cary, NC, USA). Statistical sig-
nificance was calculated using the t test for differences in contin-
uous variables, and chi- square and Fisher's exact tests were used 
as appropriate to test the statistical significance of the categorical 

variables. To identify predictive factors that affect pregnancy out-
comes after the OPTIMUM treatment strategy in women with RPL, 
we constructed a multivariable logistic regression model to deter-
mine the independent factors while controlling for confounders. 
Odds ratios (ORs) and their 95% confidence intervals (CIs) were com-
puted. The level of significance was defined as p < 0.05.

3  |  RESULTS

3.1  |  Prevalence of risk factors for pregnancy loss

Table S1 shows the characteristics of the women with a history of 
RPL who underwent the OPTIMUM treatment strategy. The prev-
alence of risk factors for pregnancy loss is shown in Table 1. The 
prevalence of intrauterine abnormalities was 61.2% (41 women) and 
52.1% (25 women) among women aged <40 and ≥40 years, respec-
tively. Of the 66 women with impaired intrauterine circumstances, 
90.9% (60 women) had CE. With regard to immunological status, 
≥90% of women with RPL had vitamin D insufficiency or deficiency. 
The prevalence of an aberrant high Th1/Th2 cell ratio was 43.3% 
(29 women) and 43.8% (21 women) among women aged <40 and 
≥40 years, respectively. Thyroid disorders including subclinical or 
overt hypothyroidism were recognized in 34.3% (23 women) and 
29.2% (14 women) of women aged <40 and ≥40 years, respec-
tively. Furthermore, thrombophilia was found in 37.3% (25 women) 
and 29.2% (14 women) of the women aged <40 and ≥40 years, re-
spectively, including 11 women diagnosed with APS. Relationships 
among impaired intrauterine circumstances, elevated Th1/Th2 cell 
ratios, thyroid disorders, and thrombophilia are shown in Figure 3. 
The RPL testing showed that 60 (52.2%) of the RPL women had two 
or more risk factors, including 5 (4.3%) who had all four risk factors. 
The relationships among four risk factors for pregnancy loss were 
irregular and complicated. However, there were no risk factors in 11 
women (9.6%).

3.2  |  Treatment for CE and aberrant high 
Th1/Th2 ratios

Of the 60 women with CE, CE was detected in five and two women 
after hysteroscopic polypectomy and adhesiolysis, respectively. 
After surgery, recovery from CE was confirmed with reexamina-
tion of endometrial biopsy without antibiotics in five women. In two 
women, CE was cured by treatment using bacterium- sensitive an-
tibiotics, as in our previous report.37 Of the remaining 53 women 
without intrauterine disorders, 41 (68.3%) and 11 (18.3%) recovered 
from CE in the first and second cycles of antibiotic therapy, respec-
tively. One woman (1.7%) without recovery from CE after two cycles 
of antibiotic therapy underwent D&C and was cured of CE. Finally, 
all women in our study recovered from CE.

Of the 50 women with high Th1/Th2 cell ratios, 46 (92.0%) had a 
lack of vitamin D. In 28 women, 3 to 6 months after starting vitamin 
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D intake at 1000– 2000 IU daily, a retest of the Th1/Th2 cell ratio and 
25OHVD level showed an increase in 25OHVD from 18.1 ± 5.0 ng/
ml to 31.2 ± 7.3 ng/ml (p < 0.001) and a decrease in the Th1/Th2 
cell ratio from 16.9 ± 5.9 to 13.1 ± 4.8 (p = 0.007). The Th1/Th2 cell 
ratio was reduced in 25 women (89.3%) including 10 women (35.7%) 
with normalized the ratio (<10.3). For the 30 women with clinical 
pregnancy with a high Th1/Th2 cell ratio even after vitamin D sup-
plementation, we recommended daily administration of tacrolimus 
beginning after a positive pregnancy test. No patients had any side 
effects from vitamin D and tacrolimus treatment.

3.3  |  Pregnancy outcomes after OPTIMUM 
treatment strategy

To investigate the efficacy of the OPTIMUM treatment strategy 
for preventing pregnancy loss in women with RPL, we compared 
pregnancy outcomes between those who received the OPTIMUM 
treatment strategy and those who did not. Table 2 summarizes 
the characteristics of the women with RPL in both the control and 
OPTIMUM groups. Differences in age, pregnancy history, anti- 
Müllerian hormone (AMH) levels, prevalence of infertility, and 

TA B L E  1  Prevalence of risk factors for pregnancy loss

< 40 years, n = 67 ≥ 40 years, n = 48

Intrauterine circumstance

Normal, n (%) 26 (38.8) 23 (47.9)

Chronic endometritis, n (%) 38 (57.0) 22 (46.0)

Endometrial polyp, n (%) 3 (4.5) 4 (8.3)

Intrauterine adhesion, n (%) 3 (4.5) 1 (2.1)

Submucosal myoma, n (%) 1 (1.5) 0 (0)

Total women with impaired intrauterine circumstance, n (%)a  41 (61.2) 25 (52.1)

Immunological tolerance

Vitamin D

25- hydroxyvitamin D3, ng/ml, mean ±SD 20.2 ± 7.1 18.6 ± 6.2

Sufficiency, n (%) 5 (7.5) 4 (8.3)

Insufficiency, n (%) 56 (83.6) 39 (81.3)

Deficiency, n (%) 6 (9.0) 5 (10.4)

Total women with lack of vitamin D, n (%) 62 (92.5) 44 (91.7)

Helper T cells

Th1 cell, %, mean ± SD 24.9 ± 9.2 21.7 ± 7.1

Th2 cell, %, mean ± SD 2.6 ± 0.9 2.4 ± 1.0

Th1/Th2 cell ratio, %, mean ± SD 10.9 ± 6.5 10.6 ± 5.4

Total women with aberrant high Th1/Th2 cell ratio, n (%) 29 (43.3) 21 (43.8)

Thyroid function

Subclinical hypothyroidism, n (%) 20 (29.9) 12 (25.0)

Overt hypothyroidism, n (%) 2 (3.0) 2 (4.2)

Hyperthyroidism, n (%) 1 (1.5) 0 (0)

Thyroid peroxidase antibody- positive, n (%)b  11 (16.4) 7 (14.6)

Total women with thyroid dysfunction, n (%) 23 (34.3) 14 (29.2)

Thrombophilia

Lupus anticoagulant positive, n (%) 2 (3.0) 0 (0)

Anticardiolipin antibody (IgG, IgM) positive, n (%) 4 (6.0) 4 (8.3)

Anti- β2- GP1 antibody (IgG, IgM) positive, n (%) 1 (1.5) 0 (0)

Total women with antiphospholipid syndrome, n (%) 7 (10.4) 4 (8.3)

Protein C deficiency, n (%) 1 (1.5) 1 (2.1)

Protein S deficiency, n (%) 2 (3.0) 3 (6.3)

Factor XII deficiency, n (%) 18 (26.9) 7 (14.6)

Total women with thrombophilia, n (%)c  25 (37.3) 14 (29.2)

aFour women aged <40 years and two aged ≥40 years had two intrauterine disorders.
bEighteen women with thyroid peroxidase antibody- positive included 4 and 14 women with overt and subclinical hypothyroidism, respectively.
cThree women aged <40 years and one aged ≥40 years had two thrombophilia.



530  |    KURODA et Al.

pregnancy procedures were not significant in both groups. With 
regard to pregnancy outcomes, the live birth rate in the OPTIMUM 
group was significantly higher than that in the control group among 
women aged <40 years (78.1% and 42.3% per pregnancy, respec-
tively; p = 0.002). In women aged ≥40 years, the live birth rate 
was higher in the OPTIMUM group than that in the control group; 
however, there was no significant difference (55.6% and 30.0% per 
pregnancy, respectively; p = 0.09). Of 59 women with miscarriage, 
33 (55.9%) underwent chromosome analysis of products of concep-
tion. The rate of normal karyotype in women aged <40 years in the 
control group was relatively higher (40.0%), yet there were no sig-
nificant differences between the control and OPTIMUM groups in 
both patients aged <40 and ≥40 years (p = 0.34 and 1.00, respec-
tively). Finally, 87.7% (50/57 women) and 60.6% (20/33 women) of 
the patients aged <40 and ≥40 years, respectively, had a child birth 
in one or two clinical pregnancies after the OPTIMUM treatment 
strategy.

3.4  |  Predictive factors for pregnancy outcomes 
after the OPTIMUM treatment strategy

After the OPTIMUM treatment strategy, 87.7% of the women aged 
<40 years who suffered from multiple pregnancy losses had live 
birth; however, the remaining 12.3% of them ended in pregnancy 
loss. To identify the predictive factors for the therapeutic efficacy of 
the OPTIMUM treatment strategy, we compared the 62 women who 
had successfully childbirth (live birth group) and the 28 women who 
unfortunately ended in pregnancy loss (miscarriage group) in the 

first clinical pregnancy (Table 3). Women in the live birth group were 
significantly younger than those in the miscarriage group (36.5 ± 4.0 
and 39.1 ± 3.5 years, respectively, p = 0.002). Intriguingly, the 
prevalence of infertility in the miscarriage group was strikingly high 
at 96.4% compared with 66.1% in the live birth group (p = 0.001). 
There were no significant differences in AMH levels, number of past 
pregnancy losses, history of live birth, or risk factors of pregnancy 
loss, including abnormalities of intrauterine circumstances, Th cell 
balance, thyroid function, and thrombophilia. Univariate analysis 
also demonstrated that the predictive factors for successful child-
birth after the OPTIMUM treatment strategy were younger age 
(OR = 1.22, 95% CI = 1.06– 1.40) and no infertility (OR = 13.83, 95% 
CI = 1.76– 108.95).

The OPTIMUM treatment strategy is the treatment procedure 
not only for RPL but also for infertility.11 However, unfortunately, 
23 women could not reach clinical pregnancy for 6– 14 months after 
the OPTIMUM treatment strategy. Therefore, we also analyzed 
the predictive factors in 113 women including 70 women who had 
a successful live birth within two pregnancies (success group) and 
43 women with no pregnancy or with pregnancy loss (failure group; 
Table 4). The women in the success group were significantly younger 
and had higher AMH levels as compared with those in the failure 
group. Univariate analysis showed that the predictive factors for 
the success of the OPTIMUM treatment strategy were younger age 
(OR = 1.25, 95% CI = 1.11– 1.41), high AMH level (OR = 0.65, 95% 
CI = 0.44– 0.95), and no infertility (OR = 3.84, 95% CI = 1.41– 10.45). 
In the multivariate analysis, the predictive factors were younger age 
(OR = 1.22, 95% CI = 1.04– 1.43) and ART treatment (OR = 0.19, 95% 
CI = 0.05– 0.73).

F I G U R E  3  Prevalence of risk factors 
for pregnancy loss. Venn diagram showing 
the number of women with thyroid 
dysfunction, impaired intrauterine 
circumstances, high Th1/Th2 cell ratios, 
thyroid, and thrombophilia [Colour figure 
can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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4  |  DISCUSSION

Most of the women aged <40 years reached childbirth after the 
OPTIMUM treatment strategy. Although many risk factors for preg-
nancy loss, not RPL, have been reported, yet ≥50% of women with 
RPL have no risk factors in common RPL screening.3 In humans, the 
incidence of pregnancy loss with embryonic chromosomal abnor-
malities is very high47; therefore, various risk factors of pregnancy 
loss are not statistically included in the factors for RPL.6 However, 
complex multiple influencers of pregnancy loss may trigger RPL as 
multifactorial disease.8,9 In our study, >50% of the women also had 
two or more risk factors. The only currently established treatments 
for RPL are levothyroxine supplementation for hypothyroidism and 
low- dose aspirin and low- molecular- weight heparin for APS.12 No 

efficacious treatment has been found for unexplained RPL.6,7 Yet, 
treatment for risk factors of pregnancy loss, not only RPL, may be 
necessary while keeping costs low. Our testing in the OPTIMUM 
treatment strategy costs 50 000– 60 000 yen ($US 455– 545),11 and 
medical insurance in Japan can cover a part of these examinations 
including testing for thrombophilia and thyroid function. Therefore, 
the OPTIMUM treatment strategy does not pose a large financial 
burden for patients.

Most young women with RPL achieved childbirth under the 
OPTIMUM treatment strategy. However, in women with advanced 
aged (≥40 years), this treatment resulted in only 55.6% having a 
baby in their first pregnancy. Female aging strongly increases the 
incidence of embryonic chromosomal abnormalities and preg-
nancy loss.48,49 In fact, in our study, the predictive factors of 

TA B L E  2  Clinical characteristics and pregnancy outcomes in control and OPTIMUM groups

< 40 years ≥ 40 years

Control
n = 24

OPTIMUM
n = 57 p- value

Control
n = 17

OPTIMUM
n = 33 p- value

Age, years, mean ±SD (range) 35.8 ± 2.8 (30−39) 35.1 ± 3.4 (26−39) 0.40 41.5 ± 1.1 (40−43) 41.2 ± 1.2 (40−43) 0.36

Pregnancy history, median (range)

Gravida 3 (2−6) 2 (2−5) 0.22 3 (2−6) 3 (2−9) 0.06

Parity 0 (0−2) 0 (0−1) 0.47 0.5 (0−1) 0 (0−1) 0.08

No. of clinical pregnancy 
losses

2 (2– 5) 2 (2−5) 0.63 3 (2– 5) 2 (2−9) 0.05

AMH, ng/ml, mean ±SD 3.4 ± 3.0 4.4 ± 3.4 0.55 2.3 ± 2.0 2.0 ± 1.6 0.74

Prevalence of infertility, n (%) 19 (79.2) 40 (70.2) 0.59 15 (88.2) 28 (84.8) 1.00

Risk factors for RPL, n (%)

Impaired intrauterine 
circumstance

− 35 (61.4) − − 16 (48.5) −

Aberrant high Th1/Th2 cell 
ratio

− 24 (42.1) − − 13 (39.4) −

Thyroid disorder − 21 (36.8) − − 11 (33.3) −

Thrombophilia − 23 (40.4) − − 11 (33.3) −

Procedures of pregnancy, n (%)a  n = 26 n = 64 n = 20 n = 36

Intercourse 5 (19.2) 17 (29.8) 0.53 2 (10.0) 0 (0) 0.12

Intrauterine insemination 0 (0) 3 (5.3) 0 (0) 0 (0)

ART treatment 21 (80.8) 44 (64.9) 18 (90.0) 36 (100)

Pregnancy outcome, n (%)

Live birth rate (/pregnancy) 11 (42.3) 50 (78.1) 0.002* 6 (30.0) 20 (55.6) 0.09

Miscarriage rate (/pregnancy) 15 (57.7) 14 (21.9) 14 (70.0) 16 (44.4)

Cumulative live birth rate (/
patient)

11 (45.8) 50 (87.7) <0.001* 6 (35.3) 20 (60.0) 0.14

Chromosome analysis of POC, 
n (%)

n = 10 n = 7 n = 8 n = 8

Normal karyotype 4 (40.0) 1 (14.3) 0.34 2 (25.0) 1 (12.5) 1.00

Aneuploid 6 (60.0) 6 (85.7) 6 (75.0) 7 (87.5)

Abbreviations: AMH, anti- Müllerian hormone; ART, assisted reproductive technology; POC, products of conception; RPL, recurrent pregnancy loss; 
SD, standard deviation.
aIn the pregnancy prognosis, we compared between 46 clinical pregnancies of 41 women in the control group and 100 pregnancies of 90 women in 
the OPTIMUM group.
*p < 0.05.
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successful live birth in the OPTIMUM treatment strategy included 
female age. Although we did not perform PGT- A in this study be-
cause it remains in the clinical trial stage in Japan, if PGT- A can 
be combined with the OPTIMUM treatment strategy, a further 
increase in the live birth rate can be expected among women of 
advanced age.

Infertility is a predictive factor for pregnancy prognosis in the 
OPTIMUM treatment strategy. In our study, 95.5% (21/22 women) of 
the women without infertility had their babies in the first pregnancy; 
therefore, the OPTIMUM treatment strategy has adequate preven-
tive effects on repeated pregnancy losses among women without 
infertility. However, the miscarriage rate in the women with both 

TA B L E  3  Predictive factors for therapeutic effects of OPTIMUM treatment strategy in the women with clinical pregnancy

Live birth groupa 
n = 62

Miscarriage groupa 
n = 28 p- value

Univariate analysis
OR (95%CI)

Multivariate analysis
OR (95%CI)

Age, years, mean ±SD (range) 36.5 ± 4.0 (26−43) 39.1 ± 3.5 (29−43) 0.002* 1.22 (1.06−1.40) 1.23 (0.98−1.53)

AMH, ng/ml, mean ±SD 3.8 ± 3.2 2.5 ± 2.5 0.10 0.68 (0.43−1.08) 1.13 (0.61−2.12)

Prevalence of infertility, n (%) 41 (66.1) 27 (96.4) 0.001* 13.83 (1.76−108.95) 8.77 (0.96−80.45)

No of past pregnancy losses, 
median (range)

2 (2−5) 2 (2−9) 0.30 0.57 (0.20−1.63) 0.44 (0.11−1.86)

Past history of live birth, n (%) 14 (22.6) 3 (10.7) 0.25 0.41 (0.11−1.57) 0.25 (0.03−1.88)

Risk factors for RPL

Impaired intrauterine 
circumstance, n (%)

35 (56.5) 16 (57.1) 1.00 1.03 (0.42−2.53) 1.21 (0.33−4.36)

Aberrant high Th1/Th2 cell 
ratio, n (%)

26 (41.9) 11 (39.3) 1.00 0.90 (0.36−2.23) 0.66 (0.18−2.45)

Thyroid disorder, n (%) 19 (30.7) 13 (46.4) 0.16 1.96 (0.78−4.91) 1.99 (0.62−6.41)

Thrombophilia, n (%) 21 (33.9) 13 (46.4) 0.35 1.69 (0.68−4.20) 2.27 (0.68−7.57)

Abbreviations: AMH, anti- Müllerian hormone; CI, confidence interval; OR, odds ratio; RPL, recurrent pregnancy loss; SD, standard deviation.
aTo identify the predictive factors for the therapeutic efficacy of the OPTIMUM treatment strategy, we compared the 62 women who had 
successfully childbirth (live birth group) and the 28 women who ended in pregnancy loss (miscarriage group) in the first clinical pregnancy after the 
OPTIMUM treatment strategy.
*p < 0.05.

TA B L E  4  Predictive factors for therapeutic effects of OPTIMUM treatment strategy in the women with and without clinical pregnancy

Success groupa 
n = 70

Failure groupa 
n = 43 p- value

Univariate analysis 
OR (95%CI)

Multivariate 
analysis OR (95%CI)

Age, years, mean ± SD (range) 36.7 ± 4.0 (26−43) 39.6 ± 3.1 (29−43) <0.001* 1.25 (1.11−1.41) 1.22 (1.04−1.43)

AMH, ng/ml, mean ± SD 3.6 ± 3.0 2.4 ± 2.9 0.03* 0.65 (0.44−0.95) 0.85 (0.53−1.35)

Prevalence of infertility, n (%) 49 (70.0) 37 (86.0) 0.07 3.84 (1.41−10.45) 3.85 (0.96−15.45)

No of past pregnancy losses, median 
(range)

2 (2−5) 2 (2−9) 0.58 0.80 (0.35−1.79) 0.79 (0.27−2.33)

Past history of live birth, n (%) 15 (21.4) 7 (16.3) 0.63 0.64 (0.24−1.67) 0.54 (0.15−1.97)

Risk factors for RPL

Impaired intrauterine circumstance, 
n (%)

39 (55.7) 27 (62.8) 0.56 1.20 (0.56−2.54) 1.21 (0.46−3.22)

Aberrant high Th1/Th2 cell ratio, n (%) 29 (41.4) 19 (44.2) 0.85 1.05 (0.50−2.22) 1.06 (0.40−2.82)

Thyroid disorder, n (%) 21 (30.0) 16 (37.2) 0.54 1.23 (0.56−2.72) 1.16 (0.43−3.10)

Thrombophilia, n (%) 25 (35.7) 14 (32.6) 0.84 1.07 (0.49−2.32) 1.30 (0.47−3.56)

Fertility treatment

Non- ART treatment, n (%) 19 (27.1) 16 (37.2) 0.30 Reference Reference

ART treatment, n (%) 51 (72.9) 27 (62.8) 0.97 (0.43−2.15) 0.19 (0.05−0.73)

Abbreviations: AMH, anti- Müllerian hormone; ART, assisted reproductive technology; CI, confidence interval; OR, odds ratio; RPL, recurrent 
pregnancy loss; SD, standard deviation.
aSuccess group includes women who succeeded childbirth in the first pregnancy after OPTIMUM treatment strategy and failure group involves 
women who ended in no pregnancy or pregnancy loss at the first pregnancy.
*p < 0.05.
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RPL and infertility was 39.7% (27/68 women). After women have 
overcome fertility treatment and successful embryo implantation 
is confirmed, the experience of fetal loss induces intense psycho-
logical stress.50 Chronic psychological stress triggers an increased 
risk of infertility and miscarriage.34,35,51– 53 Stress- induced anxiety 
promotes immune responses via a rise in Th1/Th2 cell balance with 
Th1 bias.54 In addition, repeated exposure to semiallogeneic em-
bryos and fetuses may promote systemic immunological rejection. 
In fact, women with RIF or RPL have a higher Th1/Th2 cell ratio as 
compared with fertile women.55 There is an overlap between immu-
nological factors and other risk factors for RIF and RPL.56 Therefore, 
women with a history of infertility and RPL may be a distinct popu-
lation who have babies with difficulty. Nevertheless, it is important 
to assist patients in giving birth before their miscarriage rates are 
increased with female aging and immunological rejection is induced 
with repeated reproductive failures.

The univariate analysis showed that advanced age, decreased 
AMH level, and infertility were associated with no pregnancy or 
with miscarriage. To shorten the time to live birth, patients need to 
consider fertility treatment including ART. ART treatment was also 
detected as the predictive factor in the multivariate analysis but not 
univariate analysis. In the success group, all women ≥40 years old 
and/or with AMH <1 ng/mL underwent ART treatment, whereas 
in the failure group, 27.6% of those ≥40 years old (8/29 women) 
and 40.0% with an AMH <1 ng/mL (6/15 women) did not undergo 
ART. In women with advanced age and diminished ovarian reserve, 
ART treatment is required for successful childbirth. Furthermore, 
although PGT- A could not be performed in our study, it should be 
served as an additional choice in women of advanced age with a his-
tory of RPL.

It remains controversial whether RPL is the target of immuno-
therapy and how many miscarriages immune testing and treatment 
should be considered.12 Our previous study demonstrated that two 
or more pregnancy losses, but not one, were associated with Th1/
Th2 cell imbalance with proinflammatory Th1 bias.55 Therefore, 
women with a history of two or more consecutive miscarriages can 
undergo testing for Th cell balance. Appropriate vitamin D supple-
mentation for women without a sufficient vitamin D level could 
improve an aberrantly high Th1 cell level and Th1/Th2 cell ratio.39 
In our study, vitamin D replacement also decreased the high Th1/
Th2 cell ratio in approximately 90% of women, including 35.7% with 
a normalized Th1/Th2 cell ratio after supplementation. Tacrolimus 
treatment for women with RPL has been reported,57,58 but the evi-
dence is still insufficient. Of the 30 pregnant women with tacrolimus 
intake for high Th1/Th2 cell ratios even after vitamin D supplemen-
tation, 21 (70.0%) reached a live birth in the first pregnancy. Among 
women aged <40 years, 77.8% (14/18 women) had their babies. 
Tacrolimus is a safe drug without complications for pregnancy and 
the fetus when using <3– 4 mg per day, which is equivalent to ≤6 ng/
ml.57 There was also no side effect in the women who supply tacroli-
mus in our study. Tacrolimus use is one treatment choice for women 
with a history of RPL and a high Th1/Th2 cell ratio after vitamin D 
supplementation.

The intrauterine environment is important for the growth of 
embryos and fetuses. Adverse effects of persistent endometrial in-
flammatory disease such as CE on female fecundity have been re-
ported.59– 61 Morimune, et al reported a comparison of data from 
pregnancy outcomes between women with and without CE, finding 
that the miscarriage rate in women with untreated CE was signifi-
cantly higher than in women without CE (40.0% and 12.8%, respec-
tively).62 Although there have been only few reports on the pregnancy 
outcomes of women with untreated CE, a relationship between unex-
plained RPL and local endometrial proinflammatory response with ab-
errantly increased uNK cells and angiogenesis has been reported.19– 21 
Among proinflammatory mediators in women with unexplained 
RPL, IL33/ST2 activity is disordered in the human endometrium.63 
Furthermore, nucleotide polymorphisms in NLRP, which is a key gene 
in the regulation of IL- 1β, are also involved in RPL.64 Therefore, local 
and systemic persistent inflammatory responses with Th1- related me-
diators are liked to an increased risk of pregnancy loss.

There is no established treatment for unexplained RPL.7 In our 
study, of the 38 pregnant women without established risk factors for 
RPL, such as thyroid disorder or thrombophilia, 73.7% (28 women) 
had their babies in the first pregnancy after the OPTIMUM treat-
ment. Among 24 women aged <40 years, 79.2% (20 women) had 
a live birth, and the cumulative live birth rate within two pregnan-
cies was 95.8% (23 women). We treated 15 women without any 
risk factors, including uterine and immune factors, with dydroges-
terone during the luteal phase, and vitamin D insufficiency or defi-
ciency was treated with vitamin D supplementation in all 15 women. 
Progesterone is an essential hormone for decidualization of the 
human endometrium and pregnancy maintenance. Progesterone can 
activate the secretion of endometrial cortisone during decidualiza-
tion of the endometrium, leading to direct and indirect regulation of 
abnormally increased uNK cells and angiogenesis and optimization 
of immune tolerance for an embryo.65– 67 In addition, progesterone 
can reduce contraction of uterine smooth muscle and prostaglan-
din production.68 Therefore, progesterone is a potential inhibitor of 
pregnancy loss. In a randomized controlled trial of vaginal proges-
terone suppositories for women with unexplained RPL, no signifi-
cant difference was found between pregnancy outcomes in women 
receiving progesterone and those receiving placebo.69 However, 
a systematic review found that synthetic progestogen, dydroges-
terone, has a therapeutic effect on unexplained RPL.70,71 Systemic 
treatment with synthetic progestogen may be more effective than 
vaginal progesterone suppositories. Furthermore, RPL is strongly 
associated with psychological stress, and treatment with placebo 
has been shown to relieve stress and decrease the miscarriage rate.6 
Even if progesterone and vitamin D treatments have no beneficial 
effects on pregnancy outcomes, mental stress may be reduced by 
the placebo effects. Treatment using dydrogesterone and vitamin 
D supplements is inexpensive (300 yen, US dollar 2.7/day for dy-
drogesterone and 50– 100 yen, US dollar 0.5– 0.9/d for vitamin D) 
and has no adverse effects on pregnancy or the fetus. The use of 
progesterone and vitamin D can be considered as treatment for un-
explained RPL.
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The OPTIMUM treatment strategy is the first treatment proce-
dure for not only RIF but also RPL. However, the OPTIMUM treat-
ment strategy for RPL is different from that for RIF as follows: the 
initiation of tacrolimus intake from positive pregnancy test for RPL 
and 1 day before the day of embryo transfer for RIF; the start of low- 
dose aspirin intake from positive pregnancy test for RPL and 10 days 
after ovulation or the initiation of progesterone administration in 
embryo transfer cycles; medical interview and recommendation of 
lifestyle habit improvement for RPL; and progesterone treatment for 
RPL without any risk factors for pregnancy loss.

This study has some limitations. First, this is a retrospective co-
hort study. Therefore, the patients in the control group did not desire 
or were not suggested RPL testing. It might cause a selection bias of 
this study. Second, there are still no global standard diagnostic cri-
teria for CE. The presence of five or more CD138- positive plasma-
cytes in 10 nonoverlapping random stromal areas was defined as CE. 
The different criteria might result in different outcomes. Third, our 
recent report showed that, according to data from fertile women, 
a high Th1/Th2 cell ratio was >11.8.55 However, subjects receiving 
tacrolimus treatment were defined as having a Th1/Th2 cell ratio 
>10.3 in this study, based on previous data in infertile women with a 
history of childbirth.40 Fourth, data from the chromosomal analysis 
of the couples were not included in this study.

In conclusion, this is the first report of the OPTIMUM treatment 
strategy for women with a history of RPL. Combination treatment for 
abnormalities of intrauterine circumstances, Th1/Th2 cell balance, 
thyroid function, and thrombophilia can improve pregnancy outcomes 
in the women with RPL. However, among women with advanced age, 
diminished ovarian reserve or infertility, fertility treatment including 
ART should be performed to shorten the time to live birth. In addition, 
this treatment cannot cover pregnancy loss with embryonic chromo-
somal abnormalities; therefore, combining the OPTIMUM treatment 
strategy with PGT- A may produce further efficacy expected to pre-
vent pregnancy loss in women with advanced age.

ACKNOWLEDG EMENTS
We thank all participating patients in this study of the OPTIMUM 
treatment strategy. We thank Ms. Sayaka Kitagawa of Sugiyama 
Clinic Shinjuku for assisting with data collection. Keiji Kuroda was 
supported by JSPS KAKENHI grant 18K09273.

CONFLIC TS OF INTERE S T
All authors have no conflicts of interest to declare relevant to this 
study. Human rights statement and informed consent: This study 
was approved by the local ethics committee of Juntendo University, 
Faculty of Medicine (No. 14– 103) and Sugiyama Clinic (No. 18– 002). 
All procedures followed were in accordance with the ethical stand-
ards of the responsible committee on human experimentation and 
with the Helsinki Declaration of 1964 and its later amendments. 
All recruited women provided written informed consent. The data 
that support the findings of this study are available on request from 
the corresponding author. The data are not publicly available due 
to privacy or ethical restrictions. Animal studies: This article does 

not contain any study with animal participants that have been per-
formed by any of the authors.

ORCID
Keiji Kuroda  https://orcid.org/0000-0003-2759-9159 
Takashi Horikawa  https://orcid.org/0000-0001-7848-0671 
Satoru Takamizawa  https://orcid.org/0000-0002-1103-6856 
Koji Nakagawa  https://orcid.org/0000-0003-0874-5894 
Rikikazu Sugiyama  https://orcid.org/0000-0002-8892-2119 

R E FE R E N C E S
 1. Sugiura- Ogasawara M, Suzuki S, Ozaki Y, Katano K, Suzumori N, 

Kitaori T. Frequency of recurrent spontaneous abortion and its 
influence on further marital relationship and illness: the Okazaki 
Cohort Study in Japan. J Obstet and Gynaecol Res. 2013;39:126- 131.

 2. Stephenson MD. Frequency of factors associated with habitual 
abortion in 197 couples. Fertil Steril. 1996;66:24- 29.

 3. Morita K, Ono Y, Takeshita T, et al. Risk factors and outcomes 
of recurrent pregnancy loss in Japan. J Obstet and Gynaecol Res. 
2019;45:1997- 2006.

 4. Sugiura- Ogasawara M, Ozaki Y, Katano K, et al. Abnormal embry-
onic karyotype is the most frequent cause of recurrent miscarriage. 
Hum Reprod. 2012;27:2297- 2303.

 5. Ogasawara M, Aoki K, Okada S, Suzumori K. Embryonic karyotype 
of abortuses in relation to the number of previous miscarriages. 
Fertil Steril. 2000;73:300- 304.

 6. Kuroda K. Previous trial studies of unexplained recurrent miscar-
riage. In: Kuroda K, Brosens JJ, Quenby S, Takeda S, eds. Treatment 
Strategy for Unexplained Infertility and Recurrent Miscarriage. 
Springer Singapore; 2018:85- 94.

 7. Kuroda K. Treatment strategy for unexplained recurrent miscar-
riage. In: Kuroda K, Brosens JJ, Quenby S, Takeda S, eds. Treatment 
Strategy for Unexplained Infertility and Recurrent Miscarriage. 
Springer Singapore; 2018:115- 125.

 8. Parazzini F, Bocciolone L, Fedele L, Negri E, La Vecchia C, 
Acaia B. Risk factors for spontaneous abortion. Int J Epidemiol. 
1991;20:157- 161.

 9. Rai R, Regan L. Recurrent miscarriage. Lancet. 2006;368:601- 611.
 10. Kuroda K. Lifestyle habits and pregnancy loss. In: Kuroda K, Brosens 

JJ, Quenby S, Takeda S, eds. Treatment Strategy for Unexplained 
Infertility and Recurrent Miscarriage. Springer Singapore; 2018:95- 104.

 11. Kuroda K, Matsumura Y, Ikemoto Y, et al. Analysis of the risk factors 
and treatment for repeated implantation failure: OPtimization of 
Thyroid function, IMmunity and Uterine Milieu (OPTIMUM) treat-
ment strategy. Am J Reprod Immunol. 2021;85:e13376.

 12. ESHRE Guideline Group on RPL, Bender Atik R, Christiansen OB, 
et al. ESHRE guideline: recurrent pregnancy loss. Hum Reprod Open. 
2018;2018:hoy004.

 13. Thangaratinam S, Tan A, Knox E, Kilby MD, Franklyn J, Coomarasamy 
A. Association between thyroid autoantibodies and miscarriage and 
preterm birth: meta- analysis of evidence. BMJ. 2011;342: d2616.

 14. Bosteels J, Kasius J, Weyers S, Broekmans FJ, Mol BW, D'Hooghe 
TM. Hysteroscopy for treating subfertility associated with sus-
pected major uterine cavity abnormalities. Cochrane Database Syst 
Rev. 2015;(2):Cd009461.

 15. Spiewankiewicz B, Stelmachów J, Sawicki W, Cendrowski K, 
Wypych P, Swiderska K. The effectiveness of hysteroscopic pol-
ypectomy in cases of female infertility. Clin Exp Obstet Gynecol. 
2003;30:23- 25.

 16. McQueen DB, Perfetto CO, Hazard FK, Lathi RB. Pregnancy out-
comes in women with chronic endometritis and recurrent preg-
nancy loss. Fertil Steril. 2015;104:927- 931.

https://orcid.org/0000-0003-2759-9159
https://orcid.org/0000-0003-2759-9159
https://orcid.org/0000-0001-7848-0671
https://orcid.org/0000-0001-7848-0671
https://orcid.org/0000-0002-1103-6856
https://orcid.org/0000-0002-1103-6856
https://orcid.org/0000-0003-0874-5894
https://orcid.org/0000-0003-0874-5894
https://orcid.org/0000-0002-8892-2119
https://orcid.org/0000-0002-8892-2119


    |  535KURODA et Al.

 17. Zolghadri J, Momtahan M, Aminian K, Ghaffarpasand F, Tavana Z. 
The value of hysteroscopy in diagnosis of chronic endometritis in 
patients with unexplained recurrent spontaneous abortion. Eur J 
Obstet Gynecol Reprod Biol. 2011;155:217- 220.

 18. Bouet PE, El Hachem H, Monceau E, Gariepy G, Kadoch IJ, Sylvestre 
C. Chronic endometritis in women with recurrent pregnancy loss 
and recurrent implantation failure: prevalence and role of office 
hysteroscopy and immunohistochemistry in diagnosis. Fertil Steril. 
2016;105:106- 110.

 19. Quenby S, Kalumbi C, Bates M, Farquharson R, Vince G. 
Prednisolone reduces preconceptual endometrial natural 
killer cells in women with recurrent miscarriage. Fertil Steril. 
2005;84:980- 984.

 20. Quenby S, Nik H, Innes B, et al. Uterine natural killer cells and 
angiogenesis in recurrent reproductive failure. Hum Reprod. 
2009;24:45- 54.

 21. Clifford K, Flanagan AM, Regan L. Endometrial CD56+natural killer 
cells in women with recurrent miscarriage: a histomorphometric 
study. Hum Reprod. 1999;14:2727- 2730.

 22. Raghupathy R, Makhseed M, Azizieh F, Omu A, Gupta M, Farhat 
R. Cytokine production by maternal lymphocytes during normal 
human pregnancy and in unexplained recurrent spontaneous abor-
tion. Hum Reprod. 2000;15:713- 718.

 23. Ng SC, Gilman- Sachs A, Thaker P, Beaman KD, Beer AE, Kwak- Kim 
J. Expression of intracellular Th1 and Th2 cytokines in women with 
recurrent spontaneous abortion, implantation failures after IVF/ET 
or normal pregnancy. Am J Reprod Immunol. 2002;48:77- 86.

 24. Grandone E, Colaizzo D, Lo Bue A, Checola MG, Cittadini E, 
Margaglione M. Inherited thrombophilia and in vitro fertilization 
implantation failure. Fertil Steril. 2001;76:201- 202.

 25. Azem F, Many A, Ben Ami I, et al. Increased rates of thrombophilia in 
women with repeated IVF failures. Hum Reprod. 2004;19:368- 370.

 26. Winter E, Wang J, Davies MJ, Norman R. Early pregnancy loss fol-
lowing assisted reproductive technology treatment. Hum Reprod. 
2002;17:3220- 3223.

 27. Venners SA, Wang X, Chen C, et al. Paternal smoking and preg-
nancy loss: a prospective study using a biomarker of pregnancy. Am 
J Epidemiol. 2004;159:993- 1001.

 28. Chen LW, Wu Y, Neelakantan N, Chong MF, Pan A, van Dam RM. 
Maternal caffeine intake during pregnancy and risk of pregnancy 
loss: a categorical and dose- response meta- analysis of prospective 
studies. Public Health Nutr. 2016;19:1233- 1244.

 29. Kesmodel U, Wisborg K, Olsen SF, Henriksen TB, Secher NJ. 
Moderate alcohol intake in pregnancy and the risk of spontaneous 
abortion. Alcohol Alcohol. 2002;37:87- 92.

 30. Boots CE, Bernardi LA, Stephenson MD. Frequency of euploid 
miscarriage is increased in obese women with recurrent early preg-
nancy loss. Fertil Steril. 2014;102:455- 459.

 31. Lok IH, Neugebauer R. Psychological morbidity following miscar-
riage. Best Pract Res Clin Obstet Gynaecol. 2007;21:229- 247.

 32. Kolte AM, Olsen LR, Mikkelsen EM, Christiansen OB, Nielsen HS. 
Depression and emotional stress is highly prevalent among women 
with recurrent pregnancy loss. Hum Reprod. 2015;30:777- 782.

 33. Craig M, Tata P, Regan L. Psychiatric morbidity among pa-
tients with recurrent miscarriage. J Psychosom Obstet Gynaecol. 
2002;23:157- 164.

 34. Li W, Newell- Price J, Jones GL, Ledger WL, Li TC. Relationship 
between psychological stress and recurrent miscarriage. Reprod 
Biomed Online. 2012;25:180- 189.

 35. Sugiura- Ogasawara M, Furukawa TA, Nakano Y, Hori S, Aoki K, 
Kitamura T. Depression as a potential causal factor in subsequent 
miscarriage in recurrent spontaneous aborters. Hum Reprod. 
2002;17:2580- 2584.

 36. Cicinelli E, Resta L, Nicoletti R, et al. Detection of chronic en-
dometritis at fluid hysteroscopy. J Minim Invasive Gynecol. 
2005;12:514- 518.

 37. Kuroda K, Takamizawa S, Motoyama H, et al. Analysis of the ther-
apeutic effects of hysteroscopic polypectomy with and without 
doxycycline treatment on chronic endometritis with endometrial 
polyps. Am J Reprod Immunol. 2021;85:e13392.

 38. Kuroda K, Horikawa T, Moriyama A, et al. Impact of chronic endo-
metritis on endometrial receptivity analysis results and pregnancy 
outcomes. Immun Inflamm Dis. 2020;8:650- 658.

 39. Ikemoto Y, Kuroda K, Nakagawa K, et al. Vitamin D regulates ma-
ternal T- helper cytokine production in infertile women. Nutrients. 
2018;10:902.

 40. Nakagawa K, Kwak- Kim J, Ota K, et al. Immunosuppression with 
tacrolimus improved reproductive outcome of women with re-
peated implantation failure and elevated peripheral blood Th1/Th2 
cell ratios. Am J Reprod Immunol. 2015;73:353- 361.

 41. Ross AC, Manson JE, Abrams SA, et al. The 2011 report on dietary 
reference intakes for calcium and vitamin D from the Institute of 
Medicine: What clinicians need to know. J Clin Endocrinol Metab. 
2011;96:53- 58.

 42. Nakagawa K, Kwak- Kim J, Kuroda K, Sugiyama R, Yamaguchi K. 
Immunosuppressive treatment using tacrolimus promotes preg-
nancy outcome in infertile women with repeated implantation fail-
ures. Am J Reprod Immunol. 2017;78:e12682.

 43. Csapo AI, Pulkkinen MO, Wiest WG. Effects of luteectomy and 
progesterone replacement therapy in early pregnant patients. Am 
J Obstet Gynecol. 1973;115:759- 765.

 44. Gellersen B, Brosens JJ. Cyclic decidualization of the human 
endometrium in reproductive health and failure. Endocr Rev. 
2014;35:851- 905.

 45. Teklenburg G, Salker M, Heijnen C, Macklon NS, Brosens JJ. The 
molecular basis of recurrent pregnancy loss: impaired natural em-
bryo selection. Mol Hum Reprod. 2010;16:886- 895.

 46. Wilcox AJ, Baird DD, Wenberg CR. Time of implantation of the con-
ceptus and loss of pregnancy. N Engl J Med. 1999;340:1796- 1799.

 47. Segawa T, Kuroda T, Kato K, et al. Cytogenetic analysis of the re-
tained products of conception after missed abortion following blas-
tocyst transfer: a retrospective, large- scale, single- centre study. 
Reprod Biomed Online. 2017;34:203- 210.

 48. Simon AL, Kiehl M, Fischer E, et al. Pregnancy outcomes from more 
than 1,800 in vitro fertilization cycles with the use of 24- chromosome 
single- nucleotide polymorphism- based preimplantation genetic 
testing for aneuploidy. Fertil Steril. 2018;110:113- 121.

 49. Franasiak JM, Forman EJ, Hong KH, et al. The nature of aneuploidy 
with increasing age of the female partner: a review of 15,169 con-
secutive trophectoderm biopsies evaluated with comprehensive 
chromosomal screening. Fertil Steril. 2014;101:656- 663.e651.

 50. Chen TH, Chang SP, Tsai CF, Juang KD. Prevalence of depressive 
and anxiety disorders in an assisted reproductive technique clinic. 
Hum Reprod. 2004;19:2313- 2318.

 51. Lynch CD, Sundaram R, Maisog JM, Sweeney AM, Buck Louis GM. 
Preconception stress increases the risk of infertility: results from 
a couple- based prospective cohort study– the LIFE study. Hum 
Reprod. 2014;29:1067- 1075.

 52. Domar AD, Clapp D, Slawsby EA, Dusek J, Kessel B, Freizinger M. 
Impact of group psychological interventions on pregnancy rates in 
infertile women. Fertil Steril. 2000;73:805- 811.

 53. Gourounti K, Anagnostopoulos F, Vaslamatzis G. The relation of 
psychological stress to pregnancy outcome among women under-
going in- vitro fertilization and intracytoplasmic sperm injection. 
Women Health. 2011;51:321- 339.

 54. Maes M, Song C, Lin A, et al. The effects of psychological stress 
on humans: Increased production of pro- inflammatory cyto-
kines and a Th1- like response in stress- induced anxiety. Cytokine. 
1998;10:313- 318.

 55. Kuroda K, Nakagawa K, Horikawa T, et al. Increasing number of im-
plantation failures and pregnancy losses associated with elevated 
Th1/Th2 cell ratio. Am J Reprod Immunol. 2021;86:e13429.



536  |    KURODA et Al.

 56. de Ziegler D, Frydman RF. Recurrent pregnancy losses, a lasting 
cause of infertility. Fertil Steril. 2021;115:531- 532.

 57. Nakagawa K, Kwak- Kim J, Hisano M, et al. Obstetric and perinatal 
outcome of the women with repeated implantation failures or re-
current pregnancy losses who received pre-  and post- conception 
tacrolimus treatment. Am J Reprod Immunol. 2019;82:e13142.

 58. Nakagawa K, Kuroda K, Sugiyama R, Yamaguchi K. After 12 consecu-
tive miscarriages, a patient received immunosuppressive treatment 
and delivered an intact baby. Reprod Med Biol. 2017;16:297- 301.

 59. Kimura F, Takebayashi A, Ishida M, et al. Review: Chronic en-
dometritis and its effect on reproduction. J Obstet Gynaecol Res. 
2019;45:951- 960.

 60. Cicinelli E, Bettocchi S, de Ziegler D, et al. Chronic endometritis, 
a common disease hidden behind endometrial polyps in premeno-
pausal women: First evidence from a case- control study. J Minim 
Invasive Gynecol. 2019;26:1346- 1350.

 61. Pirtea P, Cicinelli E, De Nola R, de Ziegler D, Ayoubi JM. Endometrial 
causes of recurrent pregnancy losses: endometriosis, adenomyosis, 
and chronic endometritis. Fertil Steril. 2021;115:546- 560.

 62. Morimune A, Kimura F, Nakamura A, et al. The effects of chronic 
endometritis on the pregnancy outcomes. Am J Reprod Immunol. 
2021;85:e13357.

 63. Salker MS, Nautiyal J, Steel JH, et al. Disordered IL- 33/ST2 acti-
vation in decidualizing stromal cells prolongs uterine receptivity in 
women with recurrent pregnancy loss. PLoS One. 2012;7:e52252.

 64. Huang J- Y, Su M, Lin S- H, Kuo P- L. A genetic association study of 
NLRP2 and NLRP7 genes in idiopathic recurrent miscarriage. Hum 
Reprod. 2013;28:1127- 1134.

 65. Kuroda K, Venkatakrishnan R, James S, et al. Elevated periimplan-
tation uterine natural killer cell density in human endometrium is 
associated with impaired corticosteroid signaling in decidualizing 
stromal cells. J Clin Endocrinol Metab. 2013;98:4429- 4437.

 66. Kuroda K, Venkatakrishnan R, Salker MS, et al. Induction of 11β- 
HSD 1 and activation of distinct mineralocorticoid receptor-  and 
glucocorticoid receptor- dependent gene networks in decidualizing 
human endometrial stromal cells. Mol Endocrinol. 2013;27:192- 202.

 67. Guo W, Li PF, Zhao GF, Fan HY, Hu YL, Hou YY. Glucocorticoid re-
ceptor mediates the effect of progesterone on uterine natural killer 
cells. Am J Reprod Immunol. 2012;67:463- 473.

 68. Szekeres- Bartho J, Balasch J. Progestagen therapy for recurrent 
miscarriage. Hum Reprod Update. 2008;14:27- 35.

 69. Coomarasamy A, Williams H, Truchanowicz E, et al. A randomized 
trial of progesterone in women with recurrent miscarriages. N Engl 
J Med. 2015;373:2141- 2148.

 70. Saccone G, Schoen C, Franasiak JM, Scott RT Jr, Berghella V. 
Supplementation with progestogens in the first trimester of preg-
nancy to prevent miscarriage in women with unexplained recurrent 
miscarriage: a systematic review and meta- analysis of randomized, 
controlled trials. Fertil Steril. 2017;107:430- 438.e433.

 71. Carp HJ. Progestogens in the prevention of miscarriage. Horm Mol 
Biol Clin Investig. 2016;27:55- 62.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Kuroda K, Ikemoto Y, Horikawa T, et al. 
Novel approaches to the management of recurrent pregnancy 
loss: The OPTIMUM (OPtimization of Thyroid function, 
Thrombophilia, Immunity, and Uterine Milieu) treatment 
strategy. Reprod Med Biol. 2021;20:524– 536. https://doi.
org/10.1002/rmb2.12412

https://doi.org/10.1002/rmb2.12412
https://doi.org/10.1002/rmb2.12412

