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Objective: The aim of this study was to evaluate pregnancy outcomes and the live birth rate at 1-year age increments in women aged ≥ 40 
years undergoing fresh non-donor in vitro fertilization (IVF) and embryo transfer (ET), and to identify predictors of success in these patients. 
Methods: This retrospective study was performed among women ≥ 40 years of age between 2004 and 2011. Of the 2,362 cycles that were 
conducted, ET was performed in 1,532 (73.1%). 
Results: The clinical pregnancy rate and live birth rate in women ≥ 40 years significantly decreased with each year of increased age (p < 0.001). 
Maternal age (odds ratio [OR], 0.644; 95% confidence interval [CI], 0.540 – 0.769; p < 0.001), basal follicle-stimulating hormone (FSH) levels (OR, 
0.950; 95% CI, 0.903 – 0.999; p = 0.047), the number of high-quality embryos (OR, 1.258; 95% CI, 1.005 –1.575; p = 0.045), and the number of 
transferred embryos (OR, 1.291; 95% CI, 1.064 –1.566; p = 0.009) were significant predictors of live birth. A statistically significant increase in live 
birth rates was seen when ≥ 3 embryos were transferred in patients 40 to 41 years of age, whereas poor pregnancy outcomes were seen in pa-
tients ≥ 43 years of age, regardless of the number of transferred embryos. Moreover, the cumulative live birth rate increased in patients 40 to 
42 years of age with repeated IVF cycles, but the follicle-stimulating hormone in those ≥ 43 years of age rarely showed an increase. 
Conclusion: IVF-ET has acceptable outcomes in those < 43 years of age when a patient’s own oocytes are used. Maternal age, basal FSH levels, 
and the number of high-quality embryos and transferred embryos are useful predictors of live birth. 
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Introduction

In recent times, pregnancy age has steadily increased, as women 
have become more socially active and marry at a later age. In Korea, 

the number of women giving birth in the age range of 40 to 44 years 
has nearly doubled from 1997 to 2010 [1]. A similar pattern has 
emerged worldwide in assisted reproductive technology (ART) pro-
grams. In the United States, 19% of all infertile women who undergo 
ART procedures are ≥ 40 years of age [2]. In Europe, the percent of 
infertile women aged 40 or over undergoing ART was reported to be 
15.4%, with a value of 13% for in vitro fertilization (IVF) and intracyto-
plasmic sperm injection cycles [3]. In Korea, the percent of women 
≥ 40 years of age who used fresh IVF increased sharply from 11.9% 
in 2009 to 19.7% in 2010 [4].

Fecundity decreases significantly as a woman ages. According to a 
study by Tietze [5], approximately 10% of women cannot achieve 
natural fertility at ages ≤ 34 years, whereas 87% cannot achieve nat-
ural fertility at ages ≥ 45 years. While ART may overcome the age-re-
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lated decline in fertility among women of advanced age to some ex-
tent, ART success rates are also markedly lower among infertile 
women of advanced age [6-9]. This tendency has been reported to 
be associated with reduced oocyte numbers and quality with in-
creased age, along with a higher aneuploidy rate. The increased an-
euploidy rate has been reported to be closely associated with an in-
creased rate of spontaneous abortion [10-12]. When ART with donat-
ed oocytes is used to overcome low pregnancy rates, higher preg-
nancy rates can be achieved in aged women [13-15]. However, in Ko-
rea and some other countries, most aged infertile women prefer IVF-
embryo transfer (ET) procedures with their own oocytes over receiv-
ing oocyte donation due to issues involving their pedigree, as well as 
for ethical and social reasons. Therefore, when infertile women un-
dergo IVF-ET using their own oocytes, physicians must provide data-
based counseling on the pregnancy success rate. 

The purpose of the present study was to evaluate pregnancy out-
comes in women ≥ 40 years undergoing IVF-ET using their own oo-
cytes, analyzing how outcomes changed with each additional year of 
age, and to identify useful predictors of increased success rates in 
these patients. 

Methods

This retrospective study drew from the institutional IVF database to 
obtain information on IVF-ET cycles, regardless of the cause of infer-
tility, performed in women over age 40 at the IVF center of Cheil 
General Hospital and Women’s Healthcare Center between January 1, 
2004 and December 31, 2011. Only IVF cycles resulting from fresh ET 
with the patient’s own oocytes were analyzed, excluding donor oo-
cytes and frozen embryo cycles. Patients’ age at the beginning of the 
cycle was categorized into 1-year age increments, and data were 
compared among these groups. All women underwent measure-
ments of basal follicle-stimulating hormone (FSH), basal luteinizing 
hormone, and estradiol (E2) levels on menstrual cycle day 2 to 3.

 This study was approved by the institutional research ethics com-
mittee (No. CGH-IRB-2015-10). Informed consent could not be ob-
tained, as this study involved a retrospective medical record analysis 
over the course of 10 years.

Controlled ovarian hyperstimulation (COH) was achieved either by 
short or long protocols using the gonadotropin-releasing hormone 
(GnRH) agonist leuprolide (Lucrin; Abbott Korea, Seoul, Korea) or 
GnRH antagonist protocols using 0.25 mg of GnRH antagonists (Cet-
rotide; Merck Serono, Geneva, Switzerland or Orgalutran; Schering-
Plough Organon, Oss, the Netherlands). The COH protocol was cho-
sen based on the patient’s age, cause of infertility, basal FSH level, 
previous ovarian response to gonadotropin, body mass index, and 
physician preference. The most common starting dosage of recombi-

nant FSH and/or human menopausal gonadotropin was 225 to 300 
IU/day. Follicle monitoring was started on day 6 by transvaginal ul-
trasonography. Recombinant human chorionic gonadotropin (hCG) 
(Ovidrel, Merck Serono) was administered subcutaneously at a 250-
µg or 500-µg dose when a dominant follicle had reached a maxi-
mum diameter of 18 mm or greater. Follicle aspiration was per-
formed approximately 36 hours after hCG administration for oocyte 
retrieval. Cycle cancellation was based on a combination of factors, 
including low E2 levels and poor follicular response to gonadotropin. 
IVF was performed using standard procedures. In cases of male fac-
tor infertility or a low number of retrieved oocytes, intracytoplasmic 
sperm injection was performed. Embryos were generally transferred 
to the uterus on days 2 to 5 after oocyte retrieval. We evaluated the 
embryo quality using Veeck’s classification [16], according to equality 
of the blastomere, cytoplasmic fragmentation, and cytoplasmic bleb-
bing. We divided embryos into grades I, I-a, II, II-a, and III. We defined 
high-quality embryos as grade I, grade I-a, and grade II. The number 
of embryos transferred was determined by the available number of 
embryos, the number of high-quality embryos, and previously at-
tempted cycles. The luteal phase was supplemented with daily intra-
muscular injections of 50 mg of progesterone in oil or 400 mg of pro-
gesterone administered vaginally. Pregnancy was determined by the 
serum β-hCG level 12 days after oocyte retrieval. When the serum 
β-hCG level was above 5 mIU/mL, it was repeatedly tested to confirm 
doubling. Clinical pregnancy was defined as the visualization of an 
intrauterine gestational sac by transvaginal ultrasonography, togeth-
er with an appropriate β-hCG concentration.

Pregnancies were followed to delivery in the database. The live 
birth rate per transferred cycle was the primary outcome measure. 
Pregnancy rates and spontaneous abortion rates were also calculat-
ed in 1-year age increments. 

All statistical analyses were performed using PASW ver. 18.0 (SPSS 
Inc., Chicago, IL, USA). Continuous variables were presented as 
mean ± standard deviation, and categorical variables were expressed 
as raw numbers or percentages. We compared the number of re-
trieved oocytes and the number of transferred embryos among 
women at each age through analysis of variance. Chi-square test, 
Fisher exact test, and the linear-by-linear association method were 
used to compare percentages. Multiple logistic regression analysis 
was used to identify significant predictors. Cumulative live births 
were calculated with Kaplan-Meier curve analysis according to the 
number of attempted IVF cycles. The p-values < 0.05 were consid-
ered to indicate statistical significance.

Results

We initiated 2,362 cycles in 1,049 infertile women aged 40 and 
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over, which corresponded to 15.7% of the 15,051 non-donor fresh 
cycles performed in Cheil General Hospital during that period of 
time. The indications for IVF-ET in these 1,049 women were unex-
plained infertility (42%), ovulatory factor infertility (19%), tubal factor 
infertility (18%), male factor infertility (13%), endometriosis (5%), 
and uterine factor infertility (3%). In 267 cycles (11.3%), the oocyte 
retrieval schedule was cancelled due to poor ovarian response. The 
mean fertilization rate was 58.0% ± 36.6%. Of the 2,362 cycles that 
were started, ET was performed in 1,532 (73.1%). The mean number 
of retrieved oocytes per cycle was 5.0 ± 5.4. The mean number of 
transferred embryos was 2.5 ± 1.2. The overall clinical pregnancy rate 
per ET was 13.4%. The overall live birth rate per ET was 6.7%, and the 
spontaneous abortion rate per ET was 43% (Figure 1).

The data from all 2,362 cycles, subdivided by 1-year age increments 

at age 40 and over, are presented in Table 1. The cancellation rate in-
creased from 7.8% at the age of 40 years to 22% at ages ≥ 45 years 
during COH. The total cancellation rate in both COH and ET was high 
as 30.1% at the age of 40 years and 50% at ages ≥ 45 years. The clini-
cal pregnancy rate decreased from 22.3% at the age of 40 years to 
2.7% at ages ≥ 45 years. The live birth rate decreased from 12.9% at 
the age of 40 years to 0.7% at ages ≥ 45 years. The clinical pregnancy 
rate and live birth rate in women ≥ 40 years significantly decreased 
every year (p < 0.001) (Figure 2).

When IVF parameters were compared between women ≥ 40 years 
of age who had a live birth (n = 102) versus those who did not have a 
live birth (n = 1,430), the live birth group had a significantly lower 
maternal age (40.9 ± 1.2 years vs. 42.0 ± 1.9 years, p < 0.001), lower 
paternal age (41.8 ± 3.7 years vs. 42.6 ± 4.7 years, p = 0.034), and few-

Table 1. IVF-ET parameters in women aged 40 and over						    

Variable 40 yr 41 yr 42 yr 43 yr 44 yr ≥ 45 yr

Initiated cycle 589 498 385 329 261 300
Basal FSH (mIU/mL) 12.2 ± 6.4a,b) 12.6 ± 7.8c,d) 12.5 ± 6.9e,f) 12.5 ± 6.9g) 14.3 ± 8.6 16.1 ± 8.8
Cancelled cycles of COH (n, % per initiated cycle) 46 (7.8) 50 (10) 39 (10.6) 35 (10.6) 31 (11.9) 66 (22)
Retrieved cycle 543 448 346 294 230 234
Retrieved oocyte  6.5 ± 6.5h) 5.8 ± 5.7i,j) 4.9 ± 4.9k,l)  4.6 ± 4.8m,n) 3.2 ± 3.3 2.6 ± 3.0
Fertilization rate (%) 58.6 ± 36.5 56.0 ± 35.1 62.8 ± 33.3 54.8 ± 36.8 55.5 ± 41.5 59.3 ± 38.7
Transferred cycle 412 339 280 205 146 150
Transferred embryo 2.8 ± 1.2o,p) 2.5 ± 1.2q) 2.4 ± 1.2r) 2.5 ± 1.2s) 2.3 ± 1.2 2.0 ± 1.2
Cancelled cycle at transfer (n, % per retrieved cycle) 131 (24.1) 109 (24.3)  66 (19.1)  89 (30.3)  84 (36.5) 84 (35.9)
Total cancelled cycle (n, % per initiated cycle) 177 (30.1) 159 (31.9) 105 (27.3) 124 (37.7) 115 (44.1) 150 (50)

Values are presented as number or mean ± standard deviation unless otherwise indicated.						    
IVF, in vitro fertilization; ET, embryo transfer; FSH, follicle-stimulating hormone; COH, controlled ovarian hyperstimulation.					   
a-s)Analysis of variance: a)p = 0.003, c)p = 0.042, e)p = 0.04, compared to age 44 yr; b,d,f,g)p < 0.001, compared to age ≥ 45 yr; h)p < 0.001, compared to ages 42, 43, 44, 
and ≥ 45 yr; i)p = 0.03, compared to age 43 yr; j,p)p < 0.001, compared to ages 44 and ≥ 45 yr; k)p = 0.03, m)p = 0.041, compared to age 44 yr; l,n,q)p < 0.001,  
r)p = 0.030, s)p = 0.004 compared to age ≥ 45 yr; o)p = 0.001, compared to age 42 yr.

Figure 1. Summary of in vitro fertilization-embryo transfer cycles in this study. COH, controlled ovarian hyperstimulation.

563 Cancelled cycles of transfer
(23.8% Per initiated cycle)
(26.9% Per retrieved cycle)

13.4% Clinical pregnancy rate per transfer
6.7% Live birth rate per transfer
43.0% Spontaneous abortion rate per transfer 

267 Cancelled cycles of COH
(11.3% Per initiated cycle)

2,362 Initiated cycles
(1,049 Patients)

2,095 Retrieved cycles
(88.7% Per initiated cycle)

1,532 Transferred cycles
(64.9% Per initiated cycle)
(73.1% Per retrieved cycle)
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er repeated IVF cycles (2.5 ± 2.0 vs. 3.1 ± 2.5, p = 0.004). Moreover, the 
live birth group showed statistically significantly lower basal FSH lev-
els (9.7 ± 4.4 mIU/mL vs. 11.8 ± 6.2 mIU/mL, p = 0.001), higher E2 lev-
els on the hCG day (1,628.1 ± 1,569.2 pg/mL vs. 1,304.1 ± 1,387.3 pg/
mL, p = 0.049), more high-quality embryos (0.57 ± 0.9 vs. 0.36 ± 0.7, 
p = 0.028), a higher number of retrieved oocytes (8.1 ± 6.0 vs. 5.7 ±  
5.2, p < 0.001), and a higher number of transferred embryos (3.1 ± 1.1 
vs. 2.5 ± 1.2, p < 0.001) (Table 2). Based on these findings, multiple lo-
gistic regression analysis was performed to determine the predictors 
of live birth. An analysis of the various factors associated with live 
birth identified maternal age at cycle initiation (odds ratio [OR], 0.644; 
95% CI, 0.540–0.769; p < 0.001), the level of basal FSH (OR, 0.950; 95% 
CI, 0.903–0.999; p = 0.047), the number of high-quality embryos (OR, 
1.258; 95% CI, 1.005–1.575; p = 0.045), and the number of transferred 

embryos (OR, 1.291; 95% CI, 1.064–1.566; p = 0.009) as the influenc-
ing factors (Table 3). The government financial support program for 
IVF regulates the number of transferred embryos in infertile women 
over age 35 years. In this study, a statistically significant increase in 
the live birth rate was seen when ≥ 3 embryos were transferred in 
patients 40 to 41 years of age, whereas poor pregnancy outcomes 
were seen in patients ≥ 43 years of age, regardless of the number of 
embryos transferred (Figure 3). When we compared the IVF parame-
ters in subjects who experienced an abortion (n = 83) to those who 
experienced a live birth (n = 102), the only significant difference was 
maternal age (41.6 ± 1.5 years vs. 40.9 ± 1.2 years, p = 0.001). In addi-
tion, marginal significance was found for the number of transferred 
embryos (2.7 ± 1.2 vs. 3.1 ± 1.1, p = 0.057). Other factors, including 
paternal age, primary infertility history, number of repeated IVF cy-
cles, body mass index, infertility duration, IVF protocol, the total go-
nadotropin dose used, stimulation days, E2 concentration on the hCG 
day, and the rate of high-quality embryos, showed no differences 
between these two groups. 

An analysis of the cumulative live birth rate according to the num-
ber of IVF cycles attempted for each age showed a gradually increas-
ing trend in the cumulative live birth rate for up to 11 cycles (40%) in 

Figure 2. Pregnancy outcomes of in vitro fertilization-embryo trans-
fer cycles in women 40 years of age and older. hCG, human chorionic 
gonadotropin. a)p < 0.001 (linear-by-linear association). 
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Table 2. Demographic data and IVF parameters in women aged 40 
and over according to whether a live birth occurred	

Variable   Live birth (+)    Live birth (–) p-valuea)

Number 102 1,430 -
Maternal age (yr) 40.9 ± 1.2 42.0 ± 1.9 < 0.001
Paternal age (yr) 41.8 ± 3.7 42.6 ± 4.7 0.034
No. of IVF cycles  2.5 ± 2.0  3.1 ± 2.5 0.004
Infertility duration (mo)   51 ± 47.3  56.7 ± 50.4 NS
BMI (kg/m2) 21.6 ± 2.2 21.7 ± 2.6 NS
Basal FSH (mIU/mL)  9.7 ± 4.4 11.8 ± 6.2 0.001
E2 on hCG day (pg/mL) 1,628.1 ± 1,569.2 1,304.1 ± 1,387.3 0.049
No. of high-quality embryos 0.57 ± 0.9 0.36 ± 0.7 0.028
No. of retrieved oocytes 8.1 ± 6.0 5.7 ± 5.2 < 0.001
No. of transferred embryos 3.1 ± 1.1 2.5 ± 1.2 < 0.001

Values are presented as mean ± standard deviation. 	
IVF, in vitro fertilization; NS, not significant; BMI, body mass index; FSH, folli-
cle-stimulating hormone; E2, estradiol; hCG, human chorionic gonadotropin.
a)The p-values were obtained after adjustment for maternal age.

Figure 3. Live birth rate according to the number of transferred em-
bryos. a)p = 0.017; b)p = 0.002 (Fisher exact test).
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Table 3. Predictors of live birth in women aged 40 and over who un-
derwent IVF-ET cycles		

Predictor Odds ratio (95% CI) p-value

Maternal age 0.644 (0.540–0.769) < 0.001
Basal follicle-stimulating hormone 0.950 (0.903–0.999) 0.047
Paternal age 1.015 (0.963–1.069) 0.580
Number of IVF cycles 0.929 (0.836–1.033) 0.174
Duration of infertility 0.997 (0.992–1.002) 0.191
Number of retrieved oocytes 1.026 (0.949–1.108) 0.518
Number of high-quality embryos 1.258 (1.005–1.575) 0.045
Number of transferred embryos 1.291 (1.064–1.566) 0.009

IVF, in vitro fertilization; ET, embryo transfer; CI, confidence interval.	
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those aged 40 years, up to 7 cycles (19%) in those aged 41 to 42 
years, and up to 4 cycles (3%) in those aged 43 and 44 years (p <  
0.001). However, in those ≥ 45 years of age, repeated attempts did 
not result in an increased cumulative live birth rate (Figure 4).  

Discussion

When infertile women ≥ 40 years of age undergo IVF-ET using their 
own oocytes, pregnancy rates and live birth rates decline in compari-
son to younger women or when an oocyte donation cycle is per-
formed. Despite these poor reproductive outcomes, IVF procedures 
among women ≥ 40 years of age who use their own oocytes rather 
than donor oocytes continue to increase in some countries, including 
Korea, for cultural and social reasons. Recently, efforts have been 
made to promote oocyte freezing for the purpose of fertility preser-
vation in unmarried women of advanced age, but there are still many 
limitations with respect to the success rate of this technique [17,18]. 

The age of the women is most important factor in determining 
pregnancy success rates after IVF-ET. Especially in women ≥ 40 years 
of age, a single additional year in age can correspond to a drastic de-
cline in fertility. Klipstein et al. [19] and Serour et al. [20] reported a 
clinical pregnancy rate of ≤ 10% and a live birth rate of ≤ 5% among 
infertile women ≥ 43 years of age, indicating that their outcomes de-
clined drastically in comparison with subjects who were 41 and 42 
years old. Women ≥ 43 years of age in the present study showed a 
similar pattern of a drastic decline in reproductive outcomes in com-
parison to women 40 to 42 years old, which agrees with the results 
reported by Klipstein et al. and Serour et al. 

Miller et al. [21] demonstrated that unexplained infertility was 
twice as common in older women than in younger women. Klipstein 
et al. [19] and Cetinkaya et al. [22] found the most prevalent cause of 
infertility to be unexplained infertility, accounting for 20% to 41% of 
patients. In the present study, unexplained infertility similarly ac-
counted for 42% of patients undergoing IVF, in accordance with the 
results of those studies. It is believed that the reason for such a high 
incidence of unexplained infertility among women ≥ 40 years of age 
may be that IVF procedures are expedited with increased age out of 
concerns regarding a decline in oocyte numbers and quality, or due 
to diminished ovarian reserve.  

Clinical pregnancy rates continue to improve due to advances in 
IVF techniques. Nonetheless, the live birth rate among women ≥ 43 
years of age remains low (2% to 3%) [9,19]. The present study also 
found low live birth rates of 2.4%, 2.1%, and 0.7% in subjects who 
were 43, 44, and ≥ 45 years old, respectively, with women ≥ 45 years 
of age showing a spontaneous abortion rate of almost 75%. Most of 
these losses can be expected to be chromosomal in origin [9]. Al-
though some physicians perform preimplantation genetic screening 
to overcome these low live birth rates and chromosomal abnormali-
ties, there are many limitations in applying preimplantation genetic 
screening in patients ≥ 43 years of age who are poor responders [12].  

The present study investigated infertile women ≥ 40 years of age 
from a single center for the purpose of identifying the predictors of 
acceptable pregnancy success at 1-year age increments. Klipstein et 
al. [19] analyzed the factors that influenced pregnancy outcomes in 
2,705 cycles in patients ≥ 40 years of age and reported that higher 
live birth rates were seen in patients with a greater number of trans-
ferable embryos and a greater number of cryopreserved embryos. In 
the present study, live birth rates were also higher in cases with ≥ 3 
transferred embryos than in cases with < 3 transferred embryos, simi-
larly to the results of Klipstein et al. Therefore, these results could be 
useful for predicting patient outcomes prior to IVF-ET procedures in 
women ≥ 40 years of age.    

Unlike previous studies, the present study analyzed cumulative live 
birth rates according to the number of IVF cycles when IVF-ET proce-
dures were attempted repeatedly in each age group among patients 
≥ 40 years of age. The cumulative live birth rates showed a gradually 
increasing trend up to 11, 7, and 3 cycles in those aged 40, 41– 42, 
and 43– 44 years, respectively, while repeated attempts did not in-
crease the live birth rate among those ≥ 45 years of age. Malizia et al. 
[23] reported that among patients who were 40 years of age or older, 
the cumulative live birth rate after 6 cycles was 42% with an optimis-
tic analysis and 23% with a conservative analysis. Cetinkaya et al. [22] 
reported that in older patients ( > 43 years) the cumulative live birth 
rate went from 1.1% in the first cycle to 9.1% after 3 cycles. They rec-
ommended that oocyte donation should be considered thereafter in 

Figure 4. Cumulative live birth rate (CLR) in patients who underwent 
repeated in vitro fertilization (IVF)-embryo transfer attempts. a)A CLR 
of 40% in 11 IVF cycles at age 40 yr; b)19% in 7 IVF cycles at age 41 yr; 
c)17% in 7 IVF cycles at age 42 yr; d)3% in 4 IVF cycles at ages 43 and 44 
yr (p < 0.001).
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patients ≥ 43 years of age, since IVF outcomes improved over the 
course of three attempts. However, women in Korea often wish to 
continue IVF using their own oocytes after numerous failed IVF cy-
cles, even if doing so is associated with poor outcomes, instead of 
switching to an oocyte donor program, because of the lack of oocyte 
banks and social considerations that place a high value on pedigree. 
Homburg et al. [24] indicated that an acceptable clinical pregnancy 
rate (11.2%) can be achieved by attempting ≥ 12 cycles, and also re-
ported the occurrence of a successful pregnancy after ≥ 20 cycles. 
Although that study did not analyze patients ≥ 40 years of age, 
Homburg et al. [24] did argue that physicians should not place a spe-
cific limit on the number of IVF attempts made by a patient. That 
study was conducted in Israel, which is believed to have a social con-
text in which pedigree is valued, similarly to Korea. Therefore, it is 
suggested that our results on cumulative live birth rates in older in-
fertile women will be helpful when counseling patients who have 
undergone repeated IVF procedures. 

In conclusion, this study showed that IVF-ET had acceptable out-
comes in women < 43 years of age using their own oocytes. Mater-
nal age, basal FSH, and the number of high-quality embryos and 
transferred embryos may be useful predictors of live birth in older in-
fertile women. 
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