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Abstract

Purpose This study aimed to investigate the factors that

predict successful pregnancy (live birth) in assisted repro-

ductive technology (ART) for infertile women aged 40 and

older.

Methods Patients who underwent first ART treatments at

the age of 40 and older at our institution were enrolled.

Several factors which can be evaluated before the first

treatments were retrospectively compared among those

patients who did and did not achieve live birth.

Results Nineteen of 119 patients delivered healthy

babies. There was no significant difference of live-birth

rate among age groups of 40, 41 and 42. No women who

underwent the first treatment at age 43 or older achieved

live birth. In the successful group, significantly more

women held FSH levels under 12 mIU/ml and had regular

menstrual cycles (26–32 days) than unsuccessful women of

the same age group. In addition, significantly fewer women

in the successful group had prior ovarian surgery.

Conclusions Our results show that low FSH levels, reg-

ular menstrual cycles and absence of prior ovarian surgery

were related to high live-birth rates and they are good

prognostic factors in patients between 40 and 42 years of

age. On the other hand, none of these parameters were

correlated with success in women aged 43 and older.
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Introduction

Fecundity declines as women get older; this is also the case

with women who are undergoing assisted reproductive

technology (ART) as a treatment of infertility [1, 2].

Spandorfer and Chung [3] reported that female age predicts

over 80% of IVF success. On the other hand, in many

developed countries, there has been a trend toward delay-

ing childbirth, and there has been an increase of older

infertile patients in recent years. Oocyte donation is one

solution. However, in several countries where it is not

permitted, such as Japan, many older infertile women have

difficulties in treatment.

There are several reports regarding the outcome of ART

in older patients. In a large retrospective study in the UK,

1087 cycles were started in 471 women aged 40 years and

older, resulting in 57 deliveries (12.1% live birth rate per

patient) [4]. In another study including only ICSI patients,

53 women achieved ongoing pregnancy at 12 weeks of

gestation in total of 443 patients aged 40 and older,

resulting in an ongoing pregnancy rate per patient of 12.0%

[5]. In more recent studies, live births in patients at the age

of 45 were observed, though the delivery rates were very

low (0.7–4.3%) [6–8].

Many of these studies included only the promising

patients whose basal FSH levels were relatively low. In

several previous studies, clinical pregnancy rates were

related to younger age, lower dose of gonadotropins,

greater number of mature follicles, endometrial thickness,

number of embryos transferred and lower ratio of serum

A. Fujimoto (&) � H. Oishi � T. Hirata � T. Yano � Y. Taketani

Department of Obstetrics and Gynecology, Faculty of Medicine,

University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,

Tokyo 113-8655, Japan

e-mail: fujimoto-tky@umin.ac.jp

T. Fujiwara

Reproduction Center,

International University of Health and Welfare,

8-10-16 Akasaka, Minato-ku, Tokyo 107-0052, Japan

123

Reprod Med Biol (2009) 8:145–149

DOI 10.1007/s12522-009-0023-z



estradiol to number of oocytes [7, 8]. All of these factors,

except age, can be estimated only retrospectively after at

least one treatment cycle. There have been no reports

regarding prognostic factors which can be evaluated before

the first controlled ovarian stimulation.

In this paper we investigated possible prognostic factors

of outcome in the women who underwent their first ART

cycles at the age of 40 and older.

Patients and methods

Between 2001 and 2006, 1309 IVF/ICSI treatments were

performed on 654 patients in IVF Center of the University

of Tokyo Hospital. Three hundred and sixty-six of these

cycles (26.5%) were carried out in women of age of 40 or

older, in which 119 cycles were performed for the first

treatment.

A retrospective analysis was performed with these 119

women. The following factors were evaluated before

treatment: age at the first visit to our hospital, reproductive

history, age at marriage, husband’s age, infertility period,

length from the first visit to the first ART, day 3 FSH level

in a natural cycle, length of the menstrual cycle, presence

of uterine fibroid and/or history of previous myomectomy,

and presence of ovarian cyst and/or history of previous

cystectomy. Cut-off points of day 3 FSH level and length

of one menstrual cycle were calculated using an ROC

curve.

In patients of GnRH agonist long protocol, nafarelin

nasal spray (Nasanyl�; Pfizer Pharmaceuticals, Japan) was

started in the mid-luteal phase. On the third day of the

following menstruation cycle, ultrasound examination was

performed to confirm pituitary suppression, followed by

the administration of human menopausal gonadotropin

(Nikken hMG�; Kowa Soyaku Co. Ltd., Japan). In patients

of GnRH antagonist protocol, hMG was started on the third

day of a menstrual cycle, followed by the combination with

cetrorelix (Cetrotide�; Shionogi Pharmaceuticals , Japan)

0.25 mg s.c. When the size of the lead follicle reached

18 mm in mean diameter as measured by transvaginal

ultrasound, 10000 IU of hCG was administered.

Oocytes were retrieved transvaginally with ultrasound

guidance 34 h after hCG injection. They were inseminated

or injected with husband’s spermatozoa, depending on

semen quality. Up to three best-quality embryos were

transferred to the uterus 72 h later. The luteal phase was

supported with progesterone suppository (200 mg/day) and

transdermal estradiol (Estraderm M�; Kissei Pharmaceu-

ticals, Japan). Luteal support was continued up to 7 weeks

of gestation, when fetal heartbeat was detected with

transvaginal ultrasound. Only the women who delivered

live babies as the result of one or more cycles of ART in

our hospital by September, 2007 were included in the

successful group. Therefore, patients whose pregnancies

resulted in spontaneous abortion or who became pregnant

in a way other than ART were excluded from the suc-

cessful group.

Statistical analyses were performed using Statcel�

(OMS publishing Inc. Japan). Mann–Whitney U-test, chi-

square test, Wilcoxon rank-sum test and Fisher’s exact

probability test were used as appropriate. Significance was

defined at a level of p \ 0.05.

Results

Of 119 women who underwent ART for the first time in

our hospital, 19 (16.0%) resulted in live births. The live-

birth rate was significantly lower than that of women

under 40 at the same period (54.4%). The initial analysis

was an evaluation between different starting-age groups

(Table 1). The live birth rate at the age of 40 was

slightly but not significantly higher than that at the age

of 41 or 42. None of the patients who underwent first

cycles at 43 years of age or older achieved a live birth

(n = 28). Thus the live birth rate of a younger group

(40–42) was significantly higher than that of an older

group (43 and older) (p \ 0.01).

The contribution of age to the prognosis was so clear that

all the following analyses were performed on three groups:

patients aged B42 who achieved a live birth (group A,

n = 19), patients aged B42 who did not achieve a live birth

(group B, n = 72) and patients aged C43 (group C, n = 28).

Between groups A and B, the following factors were

significantly different: basal FSH values, length of the

menstrual cycle, the length from the first visit to the first

ART treatment, presence of ovarian cyst and/or history of

previous cystectomy, and history of recurrent abortion.

Table 1 ART outcome according to the starting-age of the patients

Age at first IVF (years) Number of

patients

Live

birth

Live birth

rate (%)

B39 463 252 54.4

40 30 7 23.3a

41 34 7 20.6a

42 27 5 18.5a

43 13 0 0a

44 7 0 0a

45 8 0 0a

40–42 91 19 20.9*

43–45 28 0 0*

* p \ 0.01
a ns
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Basal FSH values were measured in 81 women aged

B42 (15 in group A and 66 in B). Fourteen of 15

patients in group A had relatively low basal FSH values

(B12 mIU/ml), as did 39 of 66 women in group B.

When 12 mIU/ml was selected as the FSH cut-off value,

low FSH values were significantly related to high live

birth rate (Table 2).

Length of the menstrual cycle was also evaluated. In

group B, 14 of 67 patients had length less than 26 days,

while none of group A did (p \ 0.05) (Table 2).

When the length from the first visit to ART was ana-

lyzed, shorter periods from the first visit to the first IVF/

ICSI treatment (\3 months) were significantly related to

higher live birth rate (Table 3). There was no significant

difference in live birth rate among subgroups of 3–5, 6–11

and C12 months.

None of the patients in group A had ovarian cyst or

previous surgery on their ovaries. The history or presence

of ovarian cyst was significantly related to lower live birth

rate (Table 4).

Twelve of 91 women aged B42 had history of recurrent

abortion with previous pregnancy. The live birth rate of

these subjects was significantly lower than that of the

patients with no history of recurrent abortion (p \ 0.05)

(Table 2).

Between the patients in groups A and B, neither age at

first visit, age at marriage, duration of infertility, husbands’

age, nor the proportion of infertility factors was signifi-

cantly different (Table 2). In addition, neither the rate of

nulligravida nor nullipara was significantly different. His-

tory of myomectomy or presence of uterine fibroid was not

significantly different, either.

Of 19 patients who achieved a live birth, 13 women did

in the first oocyte retrieval cycles, two in the frozen embryo

transfer cycles after one failure with fresh embryos, and

four in the second oocyte retrieval cycles. No one reached

live-birth after the third treatment.

Discussion

Our results demonstrate that there are several prognostic

factors of live birth in ART for infertile patients aged 40

and older. The live birth rate of women who started ART at

each age between 40 and 42 was not significantly different,

while none of the women aged 43 or older delivered. The

sharp decline of both pregnancy and live birth rates in

patients aged 43 or 44 has also been observed in previous

reports [4, 5, 7–9]. In the analysis of the patients aged

Table 2 Characteristics of the three study groups, patients aged B42 achieving live birth (group A), patients aged B42 who did not achieve live

birth (group B) and the patients aged C43 (group C)

Group A Group B Group C p value

(A vs. B)Live birth group

(n = 19)

No live birth group

(Age 40–42)

(n = 72)

No live birth group

(Age 43–45)

(n = 28)

Age at first visit 40.2 ± 0.9 (39–42) 40.2 ± 1.2 (37–42) 42.8 ± 1.1 (41–45) (ns)

Age at marriage 32.5 ± 4.6 (26–41) 32.7 ± 4.6 (24–41) 34.7 ± 4.9 (26–41) (ns)

Duration of infertility (months) 41.3 ± 38.0 (1–144) 45.6 ± 43.6 (1–204) 48.3 ± 54.1 (1–180) (ns)

Husbands’ age 42.5 ± 6.6 (33–63) 40.9 ± 4.1 (28–50) 45.0 ± 5.5 (36–66) (ns)

Percentage of nulligravida 11 (57.9%) 40 (55.6%) 17 (60.7%) (ns)

Percentage of nullipara 15 (78.9%) 60 (83.3%) 25 (89.3%) (ns)

Patients with history of recurrent abortion 0 (0%) 12 (16.7%) 4 (14.3%) \0.05

Tubal factor 5 (26.3%) 24 (33.3%) 6 (21.4%) (ns)

Male factor 13 (68.4%) 36 (50.0%) 17 (60.7%) (ns)

Unexplained infertility 5 (26.3%) 23 (31.9%) 10 (35.7%) (ns)

FSH B12 mIU/ml 14/15 (93.3%) 39/66 (59.1%) 18/25 (72%) \0.01

Percentage of patients with menstrual cycle length

C26 days

16/16 (100%) 53/67 (79.1%) 14/23 (60.9%) \0.05

Ages and duration of infertility are expressed as mean ± SD

Table 3 ART outcome based on the length from the first visit to the

first treatment

Length from the first

visit to the first ART (months)

Age 40–42 live

birth rate (%)

Age

43–45

0–2 38.5 (10/26)* 0/8

3B 13.8 (9/65)* 0/20

3–5 10.0 (3/30) 0/8

6–11 21.4 (3/14) 0/5

12B 14.3 (3/21) 0/7

*p \ 0.01
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between 40 and 42, ovarian reserve was the main prog-

nostic factor of ART success. Good ovarian reserve is

related to low FSH values and absence of ovarian cyst or

previous surgeries to the ovaries. Short menstrual cycle

length reflects diminished ovarian reserve [10, 11] and poor

ART results in such patients were also recently reported

[12].

In the groups aged 43 and older, these prognostic factors

were not related to live birth. There may be an oocyte aging

in this group which can not be assessed in the factors stated

here.

History of recurrent abortion before entering ART was

inversely correlated to live birth. Our results were different

from a previous report [8], which concluded there was no

relationship between prior pregnancy and live birth in

ART, though they did not see if their patients had history of

recurrent spontaneous abortion. Most patients in this study

had previous abortions at the age of near 40 or older. In

patients aged 40 and older, 87–92% of spontaneous abor-

tion can be attributed to chromosomal abnormality [13,

14]. Some of the patients became pregnant after ART in

this study, but none of them delivered. Our result shows

that ART procedure can not improve embryo quality in

older patients.

In the analysis of the duration from the first visit to

the first treatment cycle, more patients with duration less

than 3 months achieved a live birth. We suggest the

choice of ART to patients aged 40 and over even when

the duration of infertility is short and the screening tests

showed no problems except their ages, because the

chance to conceive for them may be limited. Most of the

patients in this group selected ART just after screening

of infertility factors and counseling with doctors. After

3 months from the first visit, live birth rate significantly

decreased. This result suggests that it is beneficial to

decide to undergo ART as early as possible in older

infertile women, though the possibility is not totally

excluded that some percentage of women who decided to

undergo ART within 3 months may achieve pregnancy

with treatments other than ART. To determine the effi-

cacy of ART relative to other treatments for older

infertile women, a randomized controlled study on a

large number of older women is required.

To our knowledge, this is the first report regarding the

prognostic factors which can be evaluated before the first

ART treatment for older infertile patients. Some of the

previous studies included only promising patients with low

FSH values [4, 8, 9], and in other reports, oocyte retrieval

was canceled in cases of single or two growing follicles [4,

7, 9]. In our study, controlled ovarian stimulation was

started in all the patients, only excluding those with no

chance of pregnancy due to ovarian failure or other rea-

sons. Oocyte collection was scheduled in the presence of at

least one growing follicle. Thus selective bias is considered

to be minimized.

In this study, live-birth rate per patient was defined as

the indicator of success, while clinical pregnancy rate per

treatment cycle was used in many previous reports. There

is no doubt that in older infertile patients, pregnancy rates

are relatively low and miscarriage rates are high. In our

preliminary analysis, miscarriage rates of older patients

were significantly higher than those of younger patients. In

addition, low ongoing pregnancy rate per cycle leads to

repetitive trial of treatment in many cases, which may

cause bias in analysis when ‘‘per cycle’’ is set as the main

outcome. Therefore, in a study limited to older infertile

patients, clinical pregnancy rate per treatment cycle does

not seem to be an appropriate index. The information on

the delivery rate per patient is more useful for both doctors

and patients in counseling of infertility treatment.

In summary, the factors that predict successful preg-

nancy in ART for infertile women who start the treatment

at age 40 and older were as follows: age B42, basal FSH

B12 mIU/ml, one menstrual cycle length C26 days,

absence of ovarian cyst and no history of recurrent abor-

tion. In women aged 43 and older, the live birth rate is very

low irrespective to ovarian reserve. In some countries,

unsuccessful older patients may have an option of oocyte

donation, whereas in Japan, it is not allowed. Sufficient

psychological care together with medical information is

necessary in counseling these patients. Thus the results of

the present study can be helpful for prognosis of ART in

Table 4 ART outcome based on the presence of uterine fibroid or ovarian cyst

Age 40–42 live birth rate (%) Age 43–45

Uterine fibroid (?) 25.0 (6/24)a 0/13

History of myomectomy 10.0 (3/30)a 0/0

Uterine fibroid (-) 17.5 (10/57)a 0/15

Ovarian cyst (?) or history of cystectomy/adnectomy 0.0 (0/13)* 0/7

Ovarian cyst (-) 24.4 (19/78)* 0/21

* p \ 0.01
a ns
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older infertile women, and can be also helpful for coun-

seling them.
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