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Abstract It has been widely accepted that the age of

women plays a fundamental role in fecundity, and age-

related fertility decline has one of the most significant and

detrimental effects on the success rate of infertility treat-

ment. Therefore, treatment cycles of non-in vitro fertil-

ization (IVF) and intracytoplasmic sperm injection (ICSI)

treatment for infertile women of advanced aged have been

limited due to their lack of efficacy, and they are often

optimized, compared to IVF/ICSI treatment. Recent trends

in infertility treatment apparently indicate that IVF/ICSI

treatment, including egg donation, is frequently offered to

aged women for first-line management, despite its heavy

burden, but hasty IVF/ICSI treatment should be avoided,

considering its socioeconomic problems. It is important to

distinguish women who could conceive by non-IVF/ICSI

treatment, although the optimization of non-IVF/ICSI

treatment protocols remains poorly understood. This

review focuses on extracting aged patients who have higher

chance of conceiving with non-IVF/ICSI treatment and

providing necessary and sufficient infertility treatment.

After initial evaluation for fertility, including tubal factor,

male factor, the presence of endometriosis and/or adeno-

myosis, and ovarian reserve, the outcomes of fertility

treatment can be predicted to some extent in aged infertile

women.
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Abbreviations

AFC Antral follicle count

AMH Anti-Müllerian hormone

ART Assisted reproductive technology

ASRM American society for reproductive medicine

BMI Body mass index

CC Clomiphene citrate

CPR Cumulative pregnancy rate

GS Gestational sac

hMG Human menopausal gonadotropin

ICSI Intracytoplasmic sperm injection

IUI Intrauterine insemination

IVF In vitro fertilization

RCT Randomized controlled trial

rFSH Recombinant FSH

PR Pregnancy rates

Introduction

Although it is widely known that advanced age plays

fundamental roles in infertility treatment [1, 2], more

women in developed countries tend to delay childbearing

until their late 30s and 40s [3]. This trend is resulting in an

increasing number of patients undergoing infertility treat-

ment. Intrauterine insemination (IUI) has been used to treat

infertility for more than 90 years [4], and is usually offered

as a first line therapy after initial infertility evaluations

have been fulfilled. Patients who fail to conceive using IUI
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are generally counseled to undergo in vitro fertilization

(IVF) and/or intracytoplasmic sperm injection (ICSI) [5–7]

treatment, because it will be favorable for infertile couples

and clinicians that the treatment is stepwise. Initial treat-

ment should be inexpensive and less invasive, and then

clinicians should move to treatments requiring greater

resources. Considering the treatment procedure, age is a

major limiting factor that significantly affects future

fecundity of reproductive aged women. For women[
43 years, recently more clinicians are providing IVF/ICSI

treatment, including egg donation, as first-line treatment

[8], because controlled ovarian stimulation together with

IUI is generally not effective [9] and the IVF/ICSI success

rate with the woman’s own oocytes is limited [10]. How-

ever, gynecologists should remember that IVF/ICSI treat-

ment is a large burden physically, socially and also

financially [11]. Therefore, it is important for clinicians to

provide appropriate infertility treatment, and unnecessary

IVF/ICSI should be avoided in patients who have a certain

chance of becoming pregnant without IVF/ICSI measures.

Meanwhile, patients with advanced age have lower chance

to conceive with non-IVF/ICSI treatment, and assisted

reproductive technologies (ART) should be provided

appropriately at an earlier step.

Many studies have shown that advanced age is a crucial

factor that leads to a declined cumulative pregnancy rate

(CPR) in IUI treatment [12, 13], and other factors, such as

tubal infertility, endometriosis and/or adenomyosis, male

infertility, decreases in ovarian reserve/ovulatory disorders,

uterine fibroids, developmental anomalies, pelvic surgery

and menstrual abnormalities, are commonly known to be

representative factors that affect fecundity significantly

[14], but few clinical studies have discussed the most

detrimental infertility factors. We believe that the combi-

nation of these infertility factors might have an impact on

future fecundity. Therefore, we previously conducted a

retrospective study [15] to offer a suitable treatment strat-

egy for aged infertile women, and we focused on extracting

those aged patients with a greater likelihood of conceiving

by non-IVF/ICSI treatment and providing the necessary

and sufficient infertility treatment. By analyzing a combi-

nation of crucial factors that affect CPR in non-IVF/ICSI

treatment, we attempted to determine appropriate treat-

ments for aged infertile women. We extracted representa-

tive infertility factors from infertile patients undergoing

timed intercourse (TI) or IUI treatment. Ovarian stimula-

tion methods were mainly divided into unstimulated, clo-

miphene citrate (CC), and human menopausal

gonadotropin (hMG) cycles. Per-cycle pregnancy rates

(PRs) tended to decline after several cycles [16], so we also

considered the number of cycles of treatment. This study

retrospectively analyzed 1392 non-IVF/ICSI treatment

cycles for 372 infertile patients aged 38 years old or older,

and we initially considered eight representative infertility

factors. These factors were: (1) ‘advanced female age’,

defined as ] 42 years old at the time of the first visit

(n = 75); (2) ‘endometriosis/adenomyosis’, defined as a

past or present history of endometriosis and/or adeno-

myosis, based on clinical images (n = 57); (3) ‘tubal

infertility’, defined as an obstructed fallopian tube, based

on hysterosalpingography, hysterofiberscopy, or past tubal

surgery (n = 49); (4) ‘male infertility’, defined as sperm

abnormality, based on semen analysis [17] (n = 208); (5)

‘decrease in ovarian reserve’, defined as a serum FSH level

exceeding 10 mIU/mL in the early follicular phase

(n = 147); (6) ‘primigravida’ (n = 213); (7) ‘uterine

fibroid’, defined as a past or present history of uterine

fibroids, based on clinical images (n = 131); and (8)

‘positive serum Chlamydia antibodies’, defined as serum

Chlamydia antibody immunoglobulin IgA and/or IgG

greater than a cutoff index of 0.9 (n = 64) implying the

present of past infection of Chlamydia trachomatis. These

eight groups were stratified into 24 subgroups by the three

methods of ovarian stimulation: unstimulated, CC, and

hMG cycle. The 1392 cycles of treatment yielded 54

pregnancies, and the overall CPR per cycle was 3.88 %.

The overall outcomes of the four groups—(A) ‘advanced

female age’, (E) ‘endometriosis/adenomyosis’, (T) ‘tubal

infertility’, and (M) ‘male infertility’—were extremely

poor, and each CPR per cycle was less than 2 % (0.86,

1.01, 1.37, and 1.80 %, respectively). To analyze each

combination of the four factors, the patients were divided

into two groups: patients with at least one of the analyzed

factors; and patients with none of the factors. Totally, 11

combinations (A/E, A/T, A/M, E/T, E/M, T/M, A/E/T,

A/E/M, A/T/M, E/T/M, A/E/T/M) were analyzed and the

four groups without (M) ‘male infertility’ showed

approximately 1 % CPR per cycle, and the CPR improved

as the number of excluded factors increased. Ninety-five

patients with none of these four factors underwent 394

treatment cycles, and the CPR per cycle was 9.14 %,

showing the strong influence of the four factors on infer-

tility treatment outcomes. This study shows the importance

of extracting poor prognostic factors, and although the

protocol is not yet evident, the combination of poor factors

tends to decrease the pregnancy chance in non-IVF/ICSI

treatment, so patients with multiple factors and who are

willing to undergo IVF/ICSI treatment should be offered

the treatment after a few cycles of TI/IUI treatment.

Because the number of patients enrolled in this study was

not large, further accumulation of data is expected. Factor

(5), ‘decrease in ovarian reserve’, showed a CPR of 2.55 %

per cycle in this study, which was higher than with the four

factors stated above, so it was excluded from the combi-

nation of factors. However, only serum FSH level was

considered in this study, and using other ovarian reserve
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markers, such as antral follicle count (AFC) and anti-

Müllerian hormone (AMH), it might yield different results.

Since this retrospective study was published, a few

reports have focused on the infertility factors that affect the

fecundity of women of advanced reproductive age. Herein,

we would like to review the current topics of

endometriosis/adenomyosis, ovarian reserve, treatment

cycle, and method of ovarian stimulation in non-IVF/ICSI

treatment for women of advanced age.

Endometriosis/adenomyosis

The presence of endometriosis and/or adenomyosis and

infertility evidently have some relationships, but the

clinical management of endometriosis and adenomyosis

during infertility treatment remains a matter of debate.

The severity of endometriosis is classified into four stages

(I—minimal, II—mild, III—moderate, and IV—severe)

using the revised American Society for Reproductive

Medicine (ASRM) staging, depending on the location,

extent, and depth of endometriotic implants, the presence

and severity of adhesions, and the presence and size of

ovarian endometriomas [18]. A Canadian randomized

controlled trial (RCT) of infertile women with stage I-II

disease with or without laparoscopic surgery followed the

women without treating the endometriosis, and the CPR

was significantly higher in the surgically managed

patients [19]. Two current reviews [20, 21] show that

patients with stage I-II endometriosis are good candidates

for IUI treatment, but there have been no RCTs ran-

domizing stage III-IV patients to determine the outcomes

of IUI treatment. A study showed that pelvic

endometriosis with peritoneal fluid reduced the pregnancy

rate in patients undergoing IUI treatment [22].

Endometriosis and adenomyosis progresses with age [23,

24], and aged patients undergoing infertility treatment

tend to have a higher possibility of having advanced

stages of these diseases, which might be a reason for the

poorer outcomes with IUI treatment. The presence of

uterine fibroids, which are another representative estro-

gen-dependent disease, has recently been identified as an

independent risk factor for endometriosis [25–27], and

patients who were diagnosed with both were more likely

to be infertile [28]. The study was interesting in that the

size of the dominant leiomyoma might have had a cor-

relation with the existence of endometriosis, and the

majority of cases of endometriosis (76/105 cases, 72.4 %)

were detected in patients with a dominant leiomyoma\
8 cm. Although more cases must be analyzed, the size of

the largest leiomyoma might help to provide clues for

evaluating coexistent endometriosis.

Ovarian reserve

AMH is a new ovarian reserve marker [29], and a study has

shown that patients attaining a successful live birth in the

first cycle or cumulatively in three cycles of IUI treatment

had significantly higher AMH concentrations than those

failing treatment, and after controlling for age, body mass

index (BMI), AFC, and FSH, AMH remained the only

significant predictor of cumulative live birth [30]. AMH is

less cycle dependent than FSH and AFC [31] and less

operator dependent than AFC. Therefore, AMH is currently

regarded as a superior marker and is helpful when coun-

selling couples before they undergo intensive fertility

treatment including ART. More clinicians are measuring

AMH in infertility treatment, and the accumulation of data

during non-IVF/ICSI treatment is expected, but clinicians

should be careful in translating the meaning of AMH

levels, because their predictive accuracy for future con-

ception remains elusive. It is a matter of debate when

counseling women undergoing fertility treatment regarding

pregnancy rates, particularly women with decreased ovar-

ian reserves.

Treatment cycles

The CPR per cycle was stated in the previous study [15],

but the number of cycles and the cycle that succeeded in

conceiving were not reported. We have clinically experi-

enced that there seems to be an upper limit to the number

of successful treatment cycles [32], and the number of

treatments that should be conducted is important because

aging women might have limited overall opportunities for

treatment.

A large retrospective study of 4199 CC-IUI cycles in

1738 patients indicated the importance of limited treatment

cycles [33]. The study showed that the CPRs per cycle in

the following patient ages were, respectively, younger than

35 years old, 11.5 %, 35–37 years old, 9.2 %, 38–40 years

old, 7.3 %, 41–42 years old, 4.3 %, and older than

43 years old, 1.0 %; as predicted, the CPR per cycle

decreased as the patients aged. The remarkable data shown

here were that 95 % of the patients who became pregnant

in this study initiated four cycles of treatment or fewer

(maximum of nine cycles). The percentages of pregnancies

achieved within 3–4 cycles were, respectively, younger

than 35 years old, 89.5 ? 94.5 %, 35–37 years old,

91.0 ? 92.3 %, 38–40 years old, 95.0 ? 97.5 %,

41–42 years old, 66.7 ? 83.3 %, and older than 43 years

old, 100 ? 100 %; these data indicate a rationale that the

number of IUI treatment cycles should be limited to fewer

than four. Only one patient of 55 who were older than
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43 years old ever achieved a pregnancy, demonstrating the

absence of efficacy of CC/IUI for patients of advanced age,

so patients who are willing to undergo IVF/ICSI treatment

should be promptly counseled. Another study [34] exam-

ined 1117 cycles of IUI treatment, focusing on women

aged 40–42 years old. A total of 106 IUI cycles in patients

]40 years old resulted in a CPR of 17.9 % per cycle,

which seemed to be a higher percentage than in other

studies. However, the miscarriage rate presented in this

study was high (52.6 %), and the live birth rate per cycle

was 8.5 %. Because the term ‘pregnancy’ varies according

to studies, from the detection of a gestational sac (GS) by

transvaginal ultrasound to live birth, this endpoint should

be considered carefully. Nonetheless, the high rates of

spontaneous pregnancy in aged women [35] should always

be considered. Only one patient ]43 years old conceived

in the study, so the data above seem to suggest less intent to

treat patients ]43 years.

Ovarian stimulation

One review assessed the efficacy of ovarian stimulation in

IUI treatment of aged women [36]. In summary, there was

no evidence for the use of CC, hMG, or recombinant FSH

(rFSH). A Cochrane review [37] showed the efficacy of

CC, compared to natural cycles. However, in women

]40 years old, there were no data supporting the efficacy

of ovarian stimulation [16, 33, 34, 36–39]. Our study [15]

indicated that there was no significant difference due to

ovarian stimulation (unstimulated, CC, hMG) in treatment

outcomes in the IUI treatment of patients ]38 years old.

Another study [34] examined various methods of ovarian

stimulation in IUI treatment for patients ]40 years old,

and there were also no significant differences among the

treatments, which included unstimulated, CC, CC-rFSH,

rFSH, and gonadotropin-releasing hormone (GnRH) ago-

nist-rFSH. This finding might indicate the possibility of the

low efficacy of ovarian stimulation in aged patients, and

because ovarian stimulation treatment, especially injec-

tions, is a large physical and social burden on patients,

clinicians might eventually shift to unstimulated treatment

in IUI procedures.

Conclusions

The number of patients undergoing infertility treatment

is increasing yearly, but the treatment protocol remains

unclear. Because the majority of patients are in their

late 30s or at least 40 years old, treatment cycles are

limited; therefore, cautious choice of treatment is

indispensable. The efficacy of non-IVF/ICSI treatment

is often optimized, but by selecting patients properly,

some patients might be able to avoid undergoing IVF/

ICSI treatment. Treatment protocols have not yet been

defined, but the extraction of infertility factors could be

useful (Fig. 1).

Fig. 1 Outlines to evaluate

infertility factors. Crucial

detrimental factors (male

infertility, tubal infertility,

endometriosis/adenomyoais) are

underlined
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The decision tree (Fig. 2) might help to provide proper

infertility treatment. After the extraction of infertility fac-

tors, we must bear in mind that the combination of poor

factors, especially ‘endometriosis/adenomyosis’, ‘tubal

infertility’, and ‘male infertility’, leads to the failure of IUI

treatment in aged patients. It is true that the NICE guideline

for infertility (2013) [40] does not recommend IUI for

patients with unexplained infertility, mild endometriosis or

mild male factor infertility, and does not recommend oral

ovarian stimulation to women with unexplained infertility.

Although there is no obvious evidence that ovarian stim-

ulation and concomitant IUI apparently improves the

pregnancy outcomes, mild ovarian stimulation treatment

using CC could be considered [37], because the response to

CC is thought to reflect the patients’ ovarian reserve, and

placing high concentration sperm could enhance the like-

lihood of becoming pregnant [41, 42]. Among ovarian

reserve markers, AMH is regarded as a superior one

compared to FSH and AFC. Therefore, measurement of

AMH could be useful for predicting the patients’ treatment

prognosis. IUI treatment cycles should be limited to fewer

than four cycles because the majority of patients who

conceive by IUI will do so within four cycles. A few

additional cycles could be allowed for patients younger

than 40 years old, but because the pregnancy rate by IUI is

not sufficiently high for patients older than 40 years old,

patients who would like to conceive should not persist in

IUI treatment. For patients older than 42 years old, if the

patient is willing to proceed with IVF/ICSI treatment,

skipping IUI treatment because the pregnancy rate is

extremely low and undergoing IVF/ICSI treatment consti-

tute a good option. Using this protocol, predicting the most

suitable timing for IVF/ICSI treatment in aged infertile

women might become possible, and excessive treatment

could be avoided. It could be intriguing if we could employ

RCT using this decision tree considering the efficacy, cost-

balance, and patients’ satisfaction, but a large population

study might be necessary.
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