
Reprod Med Biol. 2020;19:3–12.	﻿�    |  3wileyonlinelibrary.com/journal/rmb

1  | INTRODUC TION

Since the first baby in Japan conceived as a result of in vitro fer-
tilization (IVF) was born in 1983, the number of assisted reproduc-
tive technology (ART) cycles has dramatically increased each year. 
According to the latest report from the International Committee 

Monitoring Assisted Reproductive Technologies (ICMART), Japan 
has been one of the largest users of ART worldwide in terms of an-
nual number of treatment cycles performed.1

As it is essential to monitor the trend and situation of ART treat-
ments implemented in the country, the Japan Society of Obstetrics 
and Gynecology (JSOG) began an ART registry system in 1986 
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Abstract
Purpose: The Japan Society of Obstetrics and Gynecology (JSOG) has collected 
cycle-based assisted reproductive technology (ART) data in an online registry since 
2007. Herein, we present the characteristics and treatment outcomes of ART cycles 
registered during 2017.
Methods: We collected cycle-specific information for all ART cycles implemented at 
participating facilities and performed descriptive analysis.
Results: In total, 448,210 treatment cycles and 56,617 neonates (1 in 16.7 neonates 
born in Japan) were reported in 2017, increased from 2016; the number of initiated 
fresh cycles decreased for the first time ever. The mean patient age was 38.0 years 
(standard deviation 4.6). A total 110,641 of 245,205 egg retrieval cycles (45.1%) were 
freeze-all cycles; fresh embryo transfer (ET) was performed in 55,720 cycles. A total 
194,415 frozen-thawed ET cycles were reported, resulting in 66,881 pregnancies and 
47,807 neonates born. Single ET (SET) was performed in 81.8% of fresh transfers and 
83.4% of frozen cycles, with singleton pregnancy/live birth rates of 97.5%/97.3% and 
96.7%/96.6%, respectively.
Conclusions: Total ART cycles and subsequent live births increased continuously in 
2017, whereas the number of initiated fresh cycles decreased. SET was performed in 
over 80% of cases, and ET shifted from using fresh embryos to frozen ones.
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and launched an online registration system in 2007. Since then, 
cycle-specific information for all ART treatment cycles performed 
in ART facilities has been collected. The aim of the present report 
was to describe the characteristics and treatment outcomes of reg-
istered ART cycles during 2017 in comparison with previous year.2

2  | MATERIAL S AND METHODS

Since 2007, the JSOG has requested all participating ART clinics and 
hospitals to register cycle-specific information for all ART treatment 
cycles. The information includes patient characteristics, information 
on ART treatment, and pregnancy and obstetric outcomes. Detailed 
information collected in the registry has been reported previously.3 
For ART cycles performed between January 1 and December 31, 
2017, the JSOG requested registration of the information via an on-
line registry system by the end of November 2018.

Using the registry data for 2017, we performed a descriptive 
analysis to investigate the characteristics and treatment outcomes 
of registered cycles. The number of registered cycles for the initia-
tion of treatment, egg retrievals, fresh embryo transfer (ET) cycles, 
frozen-thawed embryo transfer (FET) cycles, freeze-all embryos/
oocytes cycles, pregnancies, and neonates were compared with 
those in previous years. The characteristics of registered cycles and 
treatment outcomes were described for fresh ET and FET cycles. 
Treatment outcomes included pregnancy, miscarriage and live birth 
rates, multiple pregnancies, pregnancy outcomes for ectopic preg-
nancy, intrauterine pregnancy coexisting with an ectopic pregnancy, 
artificial abortion, stillbirth, and fetal reduction. Furthermore, the 
treatment outcomes of pregnancy, live birth, miscarriage, and mul-
tiple pregnancy rates were analyzed according to patient age. We 
also described treatment outcomes for cycles using frozen-thawed 
oocytes based on medical indications.

3  | RESULTS

In Japan, there were 607 registered ART facilities in 2017, of which 
606 participated in the ART registration system. A total 586 facilities 
actually implemented ART treatment in 2017; 19 registered facilities 
did not implement ART cycles. Trends in the number of registered 
cycles, egg retrievals, pregnancies, and neonates born as a result 
of IVF, intracytoplasmic sperm injection (ICSI), and FET cycles from 
1985 to 2017 are shown in Table 1. In 2017, 448,210 cycles were 
registered, and 56,617 neonates were recorded, accounting for 1 in 
16.7 neonates born in Japan (the total number of neonates born in 
Japan was 946,065 in 2017). The total number of registered cycles 
and neonates born as a result of ART demonstrated an increasing 
trend from 1985 to 2017. In 2017, for the first time ever, the num-
ber of registered cycles for fresh IVF and ICSI decreased from the 
previous year; registered IVF and ICSI cycles decreased by 3.2% and 
2.2%, respectively, from the previous year. The number of FET cycles 
increased continuously; the number in 2017 was 198,985 (a 3.7% Ye
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increase from 2016), resulting in 67,255 pregnancies and 48,060 
neonates in 2017. Among registered fresh cycles, 63.3% were ICSI. 
In terms of FET cycles, 188,388 FETs were performed, resulting in 
62,749 pregnancies and 44,678 neonates born in 2016.

The distributions of patient age in registered cycles and different 
subgroups of cycles with ET, pregnancy, and live birth are shown in 
Figure 1. The mean patient age for registered cycles was 38.0 years 
(standard deviation [SD] =4.6); the mean age for pregnancy and live 
birth cycles was 36.0  years (SD  =  4.1) and 35.5  years (SD  =  4.0), 
respectively.

The characteristics and treatment outcomes of registered fresh 
cycles are shown in Table 2. There were 87,445 registered IVF cy-
cles, 26,485 split-ICSI cycles, 128,643 ICSI cycles using ejaculated 
sperm, 2,581 ICSI cycles using testicular sperm extraction (TESE), 
25 gamete intrafallopian transfer (GIFT) cycles, 537 cycles with oo-
cyte freezing based on medical indications, and 3,509 other cycles. 
Of the 245,205 cycles with oocyte retrieval, 110,641 (45.1%) were 
freeze-all cycles. The pregnancy rate per ET was 23.0% for IVF and 
19.2% for ICSI using ejaculated sperm. Single ET was performed at 
a rate of 81.8%, with a pregnancy rate of 21.7%. Live birth rates per 
ET were 16.2% for IVF, 13.2% for ICSI using ejaculated sperm, and 
10.2% for ICSI with TESE. The singleton pregnancy rate and live 
birth rate were 97.5% and 97.3%, respectively.

The characteristics and treatment outcomes of FET cycles are 
shown in Table 3. There were 197,593 registered cycles, among 
which FET was performed in 194,415 cycles leading to 66,881 preg-
nancies (pregnancy rate per FET = 34.4%). The miscarriage rate per 
pregnancy was 25.9%, resulting in a 23.9% live birth rate per ET. 
Single ET was performed at a rate of 83.5%, and the singleton preg-
nancy and live birth rates were 96.7% and 96.6%, respectively.

Treatment outcomes of registered cycles, including pregnancy, 
miscarriage, live birth, and multiple pregnancy rates, according to 
patient age, are shown in Table 4. Similarly, the distribution of preg-
nancy, live birth, and miscarriage rates according to patient age are 
shown in Figure 2. The pregnancy rate per ET exceeded 40% up to 
35 years of age; this rate gradually fell below 30% after age 39 years 
and below 10% after age 45 years. The miscarriage rate was below 
20% under age 35 years but gradually increased to 33.6% and 49.3% 

for those aged 40 and 43 years, respectively. The live birth rate per 
registered cycle was around 20% up to 33 years of age and decreased 
to 9.3% and 3.1% at ages 40 and 43  years, respectively. Multiple 
pregnancy rates varied between 2% and 3% across most age groups.

The treatment outcomes of cycles using frozen-thawed oocytes 
based on medical indications are shown in Table 5. There were a total 
of 91 cycles using frozen oocytes, among which 21 cycles resulted 
in pregnancy (pregnancy rate per FET = 23.1%). The miscarriage rate 
per pregnancy was 14.3%, resulting in a 19.8% live birth rate per ET.

4  | DISCUSSION

Using the current Japanese ART registry system, we demonstrated 
that there were a total 448,210 registered ART cycles and 56,617 
resultant live births, accounting for 1 in 16.7 neonates born in Japan 
during 2017, the most since the registry began. However, in 2017, 
the total number of initiated fresh cycles (both IVF and ICSI) de-
creased from the previous year for the first time. Freeze-all cycles 
predominated, accounting for nearly 45% of total initiated cycles, 
resulting in frozen cycles accounting for most embryo transfers. The 
single ET rate was 81.8% for fresh transfers and 83.4% for frozen 
cycles, which also showed an increasing trend since 2007, reaching 
a singleton live birth rate of nearly 97% in total. These results repre-
sent the latest clinical practice of ART in Japan.

The characteristic that more than 45% of fresh cycles were 
freeze-all is unique in Japan. Freeze-all is beneficial for avoiding 
complications related to ovarian stimulation, such as ovarian hyper-
stimulation syndrome (OHSS), especially in high-risk patients such 
as those with polycystic ovary syndrome (PCOS) or high ovarian 
reserve.4 However, it remains under discussion whether the freeze-
all strategy is beneficial for the entire IVF population. A recently 
published meta-analysis including 11 randomized controlled trials 
(RCTs) with 5,379 patients reported that freeze-all and subsequent 
elective FET demonstrated significantly higher live birth rates than 
those with fresh ET (risk ratio [RR] =1.12, 95% confidence interval 
[CI], 1.01 to 1.24) in the entire population.5 Interestingly, neither the 
live birth rate (RR = 1.03, 95% CI, 0.91 to 1.17) in the subgroup of 

F I G U R E  1   Age distributions of all 
registered cycles, different subgroups of 
cycles for ET, pregnancy, and live birth in 
2017. Adapted from the Japan Society of 
Obstetrics and Gynecology ART Databook 
2017 (http://plaza.umin.ac.jp/~jsog-
art/2017d​ata_20191​015.pdf). ET, embryo 
transfer

http://plaza.umin.ac.jp/~jsog-art/2017data_20191015.pdf
http://plaza.umin.ac.jp/~jsog-art/2017data_20191015.pdf
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normo-responders nor the cumulative live birth rate in the entire 
population (RR  =  1.04, 95% CI, 0.97 to 1.11) was significantly dif-
ferent between groups. However, a more recent multicenter RCT 

investigating the effect of blastocyst ET after freeze-all or fresh 
ET cycles among 825 ovulatory women from China demonstrated 
that a freeze-all strategy with subsequent elective FET achieved 

TA B L E  2   Characteristics and treatment outcomes of registered fresh cycles in assisted reproductive technology in Japan, 2017

Variables IVF-ET Split

ICSI

GIFT
Frozen 
oocyte Othersa Total

Ejaculated 
sperm TESE

No. of registered initiated cycles 87,445 26,485 128,643 2,581 25 537 3,509 249,225

No. of egg retrieval 85,541 26,185 126,996 2,577 25 530 3,351 245,205

No. of fresh ET cycles 21,939 5,691 26,931 675 25 2 457 55,720

No. of freeze-all cycles 34,930 17,320 55,585 1,295 0 457 1,054 110,641

No. of cycles with pregnancy 5,047 1,475 5,174 108 7 0 128 11,939

Pregnancy rate per ET 23.0% 25.9% 19.2% 16.0% 28.0% 0 28.0% 21.4%

Pregnancy rate per egg retrieval 5.9% 5.6% 4.1% 4.2% 28.0% - 3.8% 4.9%

Pregnancy rate per egg retrieval 
excluding freeze-all cycles

10.0% 16.6% 7.2% 8.4% 28.0% - 5.6% 8.9%

SET cycles 18,428 4,913 21,502 412 3 - 300 45,559

Pregnancy following SET cycles 4,234 1,312 4,179 72 0 - 86 9,883

Rate of SET cycles 84.0% 86.3% 79.8% 61.0% 12.0% - 65.6% 81.8%

Pregnancy rate following SET 
cycles

23.0% 26.7% 19.4% 17.5% 0.0% - 28.7% 21.7%

Miscarriages 1,227 327 1,380 36 3 - 31 3,004

Miscarriage rate per pregnancy 24.3% 22.2% 26.7% 33.3% 42.9% - 24.2% 25.2%

Singleton pregnanciesb 4,755 1,417 4,881 98 7 - 121 11,279

Multiple pregnanciesb 114 35 136 4 0 - 3 292

Twin pregnanciesb 113 33 134 3 0 - 3 286

Triplet pregnanciesb 1 2 2 1 0 - 0 6

Quadruplet pregnanciesb 0 0 0 0 0 - 0 0

Multiple pregnancy rateb 2.3% 2.4% 2.7% 3.9% 0.0% - 2.4% 2.5%

Live births 3,555 1,085 3,552 69 4 - 90 8,355

Live birth rate per ET 16.2% 19.1% 13.2% 10.2% 16.0% - 19.7% 15.0%

Total number of neonates 3,635 1,103 3,653 70 4 - 92 8,557

Singleton live births 3,464 1,066 3,439 66 4 - 88 8,127

Twin live births 84 17 107 2 0 - 2 212

Triplet live births 1 1 0 0 0 - 0 2

Quadruplet live births 0 0 0 0 0 - 0 0

Pregnancy outcomes

Ectopic pregnancies 58 12 63 0 0 - 3 136

Intrauterine pregnancies coexisting 
with ectopic pregnancy

1 0 1 0 0 - 0 2

Artificial abortions 18 5 25 0 0 - 0 48

Stillbirths 14 3 14 0 0 - 1 32

Fetal reductions 1 0 0 1 0 - 0 2

Unknown cycles for pregnancy 
outcomes

102 32 111 2 0 - 2 249

Abbreviations: ET, embryo transfer; IVF-ET, in vitro fertilization-embryo transfer; ICSI, intracytoplasmic sperm injection; GIFT, gamete intrafallopian 
transfer; TESE, testicular sperm extraction; SET, single embryo transfer.
aOthers include zygote intrafallopian transfer (ZIFT). 
bSingleton, twin, triplet, and quadruplet pregnancies were defined according to the number of gestational sacs in utero. 
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a significantly higher live birth rate than did fresh blastocyst ET 
(RR = 1.26, 95% CI, 1.14 to 1.41).6 Thus, evidence for the use of a 
freeze-all strategy in the entire IVF population remains limited.

FET might increase specific complications during pregnancy. 
Previous analysis using the Japanese ART registry has demonstrated 
that FET is associated with significantly higher risk for hypertensive 
disorders of pregnancy (HDP) and placenta accreta than fresh ET.7 
In particular, higher risk of HDP in FET is noted in several RCTs.4,6 
Recently, it was reported that methods of endometrium preparation, 
especially hormone replacement cycles for FET, might be associated 
with these complications.8 Therefore, caution should be exerted 
with respect to the risks of specific pregnancy complications, al-
though frozen ET is reported to be beneficial in avoiding OHSS and 

reducing the risk of low birth weight and preterm delivery, as com-
pared with fresh cycles.9

ICSI cycles accounted for 63% of registered fresh cycles in 2017. 
An increasing trend in ICSI use is seen worldwide. The latest report 
from ICMART indicates that ICSI was used at a rate of 66.5% in 2011 
among 65 countries and 2,560 ART clinics.1 That report also high-
lighted that large disparities exist for ICSI; the ICSI rate varies from 
97% in Middle Eastern countries to 55% in Asia, 69% in Europe, and 
73% in North America. Importantly, despite its increased use, there 
is no rigorous evidence that ICSI improves reproductive outcomes, 
especially for non-male factor infertility such as unexplained infer-
tility,10 low ovarian reserve, 11 or advanced maternal age.12 Based 
on this insufficient evidence, practice committees of the American 

TA B L E  3   Characteristics and treatment outcomes of frozen-thawed embryo transfer cycles in assisted reproductive technology, Japan, 
2017

Variables FET Othersa Total

No. of registered initiated cycles 197,593 1,199 198,792

No. of FET 194,415 1,053 195,468

No. of cycles with pregnancy 66,881 353 67,234

Pregnancy rate per FET 34.4% 33.5% 34.4%

SET cycles 162,343 746 163,089

Pregnancy following SET cycles 57,167 241 57,408

Rate of SET cycles 83.5% 70.8% 83.4%

Pregnancy rate following SET cycles 35.2% 32.3% 35.2%

Miscarriages 17,343 81 17,424

Miscarriage rate per pregnancy 25.9% 22.9% 25.9%

Singleton pregnanciesb 63,391 324 63,715

Multiple pregnanciesb 2,168 22 2,190

Twin pregnanciesb 2,126 22 2,148

Triplet pregnanciesb 42 0 42

Quadruplet pregnanciesb 0 0 0

Multiple pregnancy rateb 3.3% 6.4% 3.3%

Live births 46 396 228 46 624

Live birth rate per FET 23.9% 21.7% 23.9%

Total number of neonates 47,807 235 48,042

Singleton live births 44,820 213 45,033

Twin live births 1,471 11 1,482

Triplet live births 15 0 15

Quadruplet live births 0 0 0

Pregnancy outcomes

Ectopic pregnancies 354 2 356

Intrauterine pregnancies coexisting with ectopic pregnancy 3 0 3

Artificial abortions 286 3 289

Stillbirths 180 1 181

Fetal reduction 15 0 15

Unknown cycles for pregnancy outcomes 1,901 33 1,934

Abbreviations: FET, frozen-thawed embryo transfer; SET, single embryo transfer.
aIncluding cycles using frozen-thawed oocytes. 
bSingleton, twin, triplet, and quadruplet pregnancies were defined according to the number of gestational sacs in utero. 
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F I G U R E  2   Pregnancy, live birth, and 
miscarriage rates, according to patient 
age, among all registered cycles in 2017. 
Adapted from the Japan Society of 
Obstetrics and Gynecology ART Databook 
2017 (http://plaza.umin.ac.jp/~jsog-
art/2017d​ata_20191​015.pdf). ET, embryo 
transfer

TA B L E  5   Treatment outcomes of 
cycles using frozen-thawed oocytes 
based on medical indications in assisted 
reproductive technology, Japan, 2017

Variables
Embryo transfer using 
frozen-thawed oocyte

No. of registered cycles 193

No. of ET 91

No. of cycles with pregnancy 21

Pregnancy rate per ET 23.1%

SET cycles 69

Pregnancy following SET cycles 18

Rate of SET cycles 75.8%

Pregnancy rate following SET cycles 26.1%

Miscarriages 3

Miscarriage rate per pregnancy 14.3%

Singleton pregnanciesa 20

Multiple pregnanciesa 1

Twin pregnanciesa 1

Triplet pregnanciesa 0

Quadruplet pregnanciesa 0

Multiple pregnancy ratea 4.8%

Live births 18

Live birth rate per ET 19.8%

Total number of neonates 18

Singleton live births 18

Twin live births 0

Triplet live births 0

Quadruplet live births 0

Pregnancy outcomes

Ectopic pregnancies 0

Intrauterine pregnancies coexisting with ectopic pregnancy 0

Artificial abortions 0

Stillbirths 0

Fetal reduction 0

Unknown cycles for pregnancy outcomes 0

Abbreviations: ET, embryo transfer; SET, single embryo transfer.
aSingleton, twin, triplet, and quadruplet pregnancies were defined according to the number of 
gestational sacs in utero. 

http://plaza.umin.ac.jp/~jsog-art/2017data_20191015.pdf
http://plaza.umin.ac.jp/~jsog-art/2017data_20191015.pdf
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Society for Reproductive Medicine and the Society for Assisted 
Reproductive Technology have concluded that routine use of ICSI 
in patients with non-male factor infertility is not recommended.13

The strength of the Japanese ART registry is its mandatory re-
porting system with a high compliance rate, in cooperation with the 
government subsidy system. Using this system, nearly all participat-
ing ART facilities (606 of 607 facilities) have registered cycle-specific 
information.

Nevertheless, several limitations exist in the registry. First, the 
registry includes only cycle-specific information; it is very difficult to 
identify cycles in the same patient using the registry. Under current 
Japanese ART practice, in which nearly half of initiated cycles are 
freeze-all, current indicators such as pregnancy and live birth rate 
per aspiration cycle would be markedly underestimated. In fact, the 
abovementioned report from ICMART described that the delivery 
rate per oocyte aspiration in Japan was the lowest among 65 coun-
tries, which could mislead public opinion regarding the quality of 
treatment as ET was not performed in most included fresh cycles.1 
It has recently been suggested that the cumulative live birth rate per 
oocyte aspiration is more suitable when reporting the success rate 
of IVF outcomes.14,15 Yet, the appropriate definitions to be used in 
calculating the cumulative live birth rate are under discussion. The 
format of the Japanese ART registry may need to be changed, to 
report indicators for comparability.

Second, the Japanese ART registry includes unfertilized oocyte 
freezing cycles only for medically indicated cases, such as fertility 
preservation in cancer patients; the registry does not include cycles 
with non-medical indications. Because no other regulatory measure 
in reproductive medicine that includes oocyte freezing is enforced 
in Japan, there is no information available regarding the practices 
outside this registry.

In conclusion, our analysis of the ART registry during 2017 
demonstrated that the total number of ART cycles increased 
whereas the number of initiated fresh cycles decreased for the 
first time ever. SET was performed at a rate of more than 80%, 
resulting in a 97% singleton live birth rate. Although an increas-
ing trend for frozen ET and freeze-all cycles is characteristic in 
Japan, further investigation is required to evaluate the effect of 
the freeze-all strategy and frozen ET on cumulative live births, 
and particularly with respect to both maternal and neonatal safety 
issues. These data represent the latest clinical practices of ART 
in Japan. Further improvement in the ART registration system in 
Japan is important.
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