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Subfertile Chinese patients with diminished ovarian reserve:
An analysis of pregnancy outcomes of ART cycles

Zeng-Yan Wang', Sun-Xing Huang?,
Jing-Di Yang?, Dan-Ping Li*, Yan-Wen Xu’

ABSTRACT

Objective: To analyze the pregnancy outcomes of patients presenting with infertility solely due to diminished ovarian
reserve (DOR) and treated by assisted reproductive technology (ART), including artificial insemination by husband (AIH)
and in vitro fertilization (IVF).

Methods: This was a retrospective study of subfertile patients due to DOR attending the Center for Reproductive
Medicine in Guangzhou, China, between January 2010 and October 2015. Patients were assigned into either the AlH or
IVF group. Within each group, these patients were further subgrouped based on their serum basal follicle-stimulating
hormone (bFSH) level (10 < bFSH < 121U/L and bFSH > 121U/L) and age (20-30, 31-35, 36-40, and 41-45 years). The live
birth rates were compared among these groups and subgroups.

Results: A total of 1,003 patients with a median age of 38.91 (21-45) years were enrolled in the study. The live birth
rate following AIH was 5.61% (25/446), which was significantly lower than that following IVF (25.13%; 140/557). In the
subgroup analysis, the cumulative live birth rates in AIH group were significantly lower than those in the IVF groups (in
the 10-12 IU/L bFSH subgroup, 13.74% vs. 41.13% (P<0.05) for patients aged <35 years, and 4.82% vs. 19.77% (P<0.05)
for patients aged >35 years; in the >12 IU/L bFSH subgroup, 9.52% vs. 29.91% (P<0.05) for patients aged <35 years, and
5.71% vs. 20.55% (P<0.05) for patients aged >35 years). Longitudinal analysis showed that majority of live births, in AIH
or IVF groups, were achieved in the first two cycles.

Conclusions: In subfertile women with DOR, live birth rates following AIH were significantly lower than IVF, especially
for the aged women. Considering the low efficacy of AIH and that majority of live births were achieved in the first two
cycles, we suggest no more than two AIH treatment attempts for the aged women with DOR.
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Very few published studies specifically targeted the
treatment options for women with infertility solely due
to DOR. One randomized clinical trial by Goldman et
al. compared artificial insemination by the husband
(AIH) with IVE/ICSI (intracytoplasmic sperm injection)
treatment in aged women with unexplained infertility.'?
The authors concluded that IVF was superior based
on the fewer treatment cycles required and the higher
pregnancy rate. However, a recent study' in patients
with low AMH level found that IVF and AIH had
comparable pregnancy outcomes, and neither achieved
satisfactory results. Hence, further studies are required
to improve pregnancy outcomes in patients with
infertility solely due to DOR.

Maternal age plays a pivotal role in determining
reproductive outcomes. In the study of treatment options
for DOR patients, pregnant women with different ages
should be analyzed separately for the cumulative live-
birth rate. In the present study, we compared the efficacy
of IVF with AIH among patients of different ages
and serum basal follicle-stimulating hormone (bFSH)
levels. Our study may provide valuable information
for determination of treatment options for patients with
infertility solely due to DOR.

Our objective was to analyze the pregnancy outcomes
of patients presenting with infertility solely due to
diminished ovarian reserve (DOR) and treated by
assisted reproductive technology (ART), including AIH
and IVF.

METHODS

We performed a retrospective study on subfertile
patients due to DOR from the Center for Reproductive
Medicine in Guangzhou, China between January 2010
and October 2015. Hospital medical records were
reviewed. Patients who had a bFSH level 210 IU/L and
with atleast one patent fallopian tube were included in the
present analysis. Patients were excluded if the husband
had severe male infertility factors, such as serious
oligozoospermia, asthenozoospermia, or azoospermia.
The study was approved by the institutional ethical board
of the First Affiliated Hospital of Sun Yat-sen University
in 2018 (approval number [2018]281). Informed consent
was waived due to the retrospective design of the study.
Study protocol and data collection: Venous blood was
collected from the patients on the 2™ to 5" day of their
menstrual cycles. The serum bFSH level was detected
using a chemiluminescence kit (Beckman Coulter, USA)
in the hospital laboratory.

All patients were separated into two groups: one
group with a bFSH level of 10-12 IU/L and the other
group with a bFSH level >12 IU/L. As the ovarian
reserve decreases naturally with age, the patients in
each group were further separated into four subgroups
by age: 20-30 years, 31-35 years, 36-40 years, and 41-45
years. Primary outcome in this study was the cumulative
live birth rate. Secondary outcomes included live birth
rate, multiple pregnancies, miscarriage rate, and ectopic
pregnancy rate.
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The live birth rate by the initiating treatment referred

to the live birth rate of the patients, whose first treatments
in our center were AIH or IVF/ICSI. Live birth rate of
the fist IVF/ICSI cycle included the fresh cycle and the
after-all FET (frozen-thawed embryo transfer) cycles
of frozen embryos from the same IVF/ICSI cycle. AIH
cycle cumulative live birth rate referred to the live birth
rate of patients with the first AIH cycle and the after-
all AIH cycles; IVF/ICSI cycle cumulative live birth rate
referred to the cumulative live birth rate of patients with
the first IVF/ICSI cycle and the after-all IVF/ICSI cycles
and FET cycles.
Statistical methods: SPSS v21.0 software (SPSS Inc.,
Chicago, IL, USA) was used for all statistical analyses.
Continuous data were compared by the ¢-test, depending
on the normality Kolmogorov-Smirnov test result.
A Chi-squared test was used to compare the live birth
rate after the first fertility treatment and the cumulative
live birth rate. A Student’s t-test was used to compare
the required number of treatment cycles to achieve a
live birth, as well as the rate of multiple pregnancies
between IVF/ICSI and AIH treatments. A P-value <0.05
was considered statistically significant.

RESULTS

A total of 1,003 patients with a median age of 38.91
(21-45) years were enrolled in the study. The median
number of AFC was 3.03 (0-8). The mode of ART used for
patients with DOR included AIH and IVF/ICSI. Among
446 patients treated with AIH, 29 became pregnant, with
a clinical pregnancy rate of 6.5% and a live birth rate of
5.61% (25/446). Among 557 patients treated with IVF/
ICSI, 184 became pregnant, with a clinical pregnancy
rate of 33.03% and a live birth rate of 25.13%(140/557)
(Table-I).

Clinical outcomes of patients stratified by bFSH levels
and age are shown in Table-I. There were 736 patients
with a bFSH level of 10-12 IU/L and 267 patients with a
bFSH >12IU/L. In every age group with patients having
10-12 IU/L bFSH, the clinical pregnancy rate and live
birth rate in patients treated by AIH were significantly
lower than those in the IVF/ICSI group. Similarly,
in every age group (except 41-45 years) with patients
having >12 IU/L bFSH, the clinical pregnancy rate and
live birth rate treated by AIH were significantly lower
than those in the IVF/ICSI group.

The miscarriage rate and ectopic pregnancy rate were
similar between the AIH and IVF/ICSI groups in the
above subgroups except for those patients in the bFSH
>12 IU/L subgroup aged 36-40 years [the miscarriage
rates were 0% (0/11) vs. 17.65% (3/17), P<0.05].
Longitudinal analysis of patients undergoing multiple
treatments: We further performed alongitudinal analysis
of the patient outcomes. The data were sub-grouped
using a cutoff age of 35 years and bFSH level of 121U/L,
to ensure sufficient numbers of patients in each group
for the statistical analysis. The outcomes are shown in
Table-II. Apart from the number of cycles to achieve
a live birth, in which there was no difference between
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Table-I: Clinical outcomes of patients with diminished ovarian reserve stratified by bFSH levels and age.

bESH (IL/L) ( ﬁffs) Treatments Cliniizlf E;eo/f;mncy Z\/IriZ?g?;a)ge Ecto(p(yz(‘)c) rate Live b(zo/:t)h rate
10<bFSH <12 (736)  20-30 AIH 7.54 (9/115) 11.1(1/9) 11.1 (1/9) 6.09 (7/115%)
IVF/ICSI 39.77 (35/88)" 8.57 (3/35) 2.86(1/35)  30.09 (30/88%"
31-35 AIH 10.0 (13/130 30.77 (4/13)  15.38 (2/13) 6.92 (9/130)
IVF/ICSI 43.92 (65/148)" 18.46 (12/65) 3.08 (2/65)  33.78 (50/148°%)"
36-40 AIH 4.05 (3/74) 0(0/74) 0(0/74) 4.05 (3/74)
IVF/ICSI 26.09 (30/115)" 40 (12/30) 3.33(1/30)  13.91(16/115%"
41-45 AIH 0(0/26) - - 0(0/26)
IVF/ICSI 17.5 (7/40) 14.29 (1/7) 0 (0/40) 15 (6/40)
bFSH >12 (267) 20-30 AIH 0(0/25) - - 0(0/25)
IVF/ICSI 43.33 (13/30)" 0(0/13) 7.69 (1/13) 40 (12/30)
31-35 AIH 5.89 (3/51) 0(0/3) 33.3(1/3) 3.92(2/51)
IVE/ICSI 30.19(16/53)" 12.5(2/16) 6.25 (1/16) 24.53 (13/53)"
36-40 AIH 9.99 (1/11) 0(0/11) 0(0/11) 9.99 (1/11)
IVE/ICSI 32.08 (17/53)" 17.65(3/17)"  5.89 (1/17) 24.53 (13/53)"
41-45 AIH 0(0/14) - - 0(0/14)
IVE/ICSI 3.33 (1/30) 100 (1/1) - 0(0/30)

"Significant difference between the AIH and IVF/ICSI groups (P<0.05).

The number of cases in each group less than 30 was presented as the actual number of cases rather than the rates.
! one case lost during the follow-up period; one case of twins lost during the follow-up period;

*one case of twins lost during the follow-up period; * one case lost during the follow-up period.

bFSH, basal follicle-stimulating hormone; AIH, artificial insemination by husband;

ICS], intracytoplasmic sperm injection; IVF, in vitro fertilization.

the AIH and IVF treatments, all other measurements
showed statistically significant differences between the
AIH and IVF treatments.

DISCUSSION

Both AIH and IVF/ICSI are the treatment options to
assist pregnancy in infertile patients solely due to DOR.
However, the live birth rate by AIH was significantly
lower than that by IVF/ICSI (5.61% vs 25.13%) in our
study. Considering that majority of live births were
achieved in the first two cycles in both AIH and IVF/
ICSI, we suggest no more than two AIH treatment
attempts for the aged women with DOR.

Subfertile women commonly suffer from physical
and psychiatric stress, and the financial pressure to
get pregnant.’*'7 Although the treatment strategies for
unexplained infertility typically involve AIH and IVE,'®
2 unfortunately, less than one-tenth of couples could
achieve a live birth following the AIH treatment. Most
of these couples still required IVF to have live births.?!
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The advantage of AIH include no need for oocyte pick-
up and embryo culture in vitro, which is more natural
and safer with lower cost, but the overall pregnancy rate
is low. In addition, AIH might have a negative effect
on sexual function.”? IVF has a higher pregnancy rate,
however, it is more complex and costly with long-term
safety concerns about the offspring.

The choice of an efficient treatment strategy is
important for these subfertile couples. To our knowledge,
very few studies have compared AIH with IVF regarding
subfertile couples solely due to DOR among different
age groups. The results of a randomized controlled
study (RCT) showed that, the cumulative pregnancy
rate of young subfertile women with normal ovarian
function who had three cycles of AIH could reach 31%,
significantly higher than expected management (9%).%
In another RCT with 207 young subfertile couples
randomly assigned to three cycles of AIH (n=101) or one
cycle of IVF (n=106), the results suggested that the live
birth rate for the AIH group was 24.7%, not significantly
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Table-1I: Longitudinal analysis of the pregnancy outcomes in subgroups of patients with diminished ovarian reserve.

Age

bFSH(IU/L) (years) Factors AIH IVF OR (95%CI) p
Live birth rate by the 0.141 (0.073-
initiating treatment (%) 7.14 (13/182)  35.45 (106/299) 0.275) <0.05
<35 (Co/zl)mulat“’e livebirthrate 1374 25/182) 4113 (123/299) 0'210§3(g§1)27‘ <0.05
10-12 Number of cycles to achieve 32 (1-3) 119 (1-3)
live birth. N (0-n) and Mean 164075 155 + 0414 50,05
+SD 6£0. 55 £0. .
Multiple pregnancy rate (%) 4 (1/25) 39.83 (49/123) <0.05
Live birth rate by the 0.181(0.041-
initiating treatment (%) 3.61(3/83) 15.7.(27/172) 0.802) <0.05
(Co/u)mulatlve live birth rate 4.82 (4/83) 19.77 (34/172) 0.2%)17('(2).55))61— <0.05
>35 Number of cycles to achieve 4(1-2) 31 (1-3) _
live birth. N (0-n) and Mean 133 +0.57 124 +0.52 >0.05
+SD 33£0. 24 £0. .
Multiple pregnancy rate (%) 0 29.41 (10/34) <0.05
Live birth rate by the 0.162 (0.037-
<35 initiating treatment (%) 476 (2/42) 23.08 (27/117) 0.712) <005
Ei/u)mulatlve live birth rate 952 (4/42) 2991 (35/117) 0.2402 7(;);))81— <005
bFSH >12 Number of cycles to achieve 7 (1-3) 54 (1-2) _
live birth. N (0-n) and Mean 174095 198+ 051 >0.05
+SD 7£0. 28 £0. .
Multiple pregnancy rate (%) 0 20 (7/35) <0.05
Live birth rate by the 0.099 (0.013-
35 initiating treatment (%) 286 (1/35) 17.81 (13/73) 0.762) <005
Cumulative live birth rate 0.157 (0.035-
g}) . N 5.71(2/35) 20.55 (15/73) 0.698) <0.05
umber of cycles to achieve 3(1-2 27 (1-3 ~
live birth. N (0-n) and Mean 15 S_ 0 7)07 1 23(_'_ 0 %2 >0.05
+SD . . . . .
Multiple pregnancy rate (%) 0 33.33 (5/15) <0.05

bFSH, basal follicle-stimulating hormone; AIH, artificial insemination by husband; IVF, in vitro fertilization.

different from the IVF group (31.1%). The patients in
these studies were young women with normal ovarian
reserve who were commonly offered for AIH in the
clinical practice.

Our data showed that even for the young DOR women
with unexplained infertility, the live birth rates of AIH
were very low, with 6.09% in the 20-30 years group and
6.92% in the 31-35 years group, which were significantly
lower than that in the IVF/ICSI group (30.09% and
33.78%, respectively). The results were consistent with
the previous study about the younger DOR patients.?
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In order to analyze the efficiency of AIH or IVF for
subfertile DOR women, we compared the cumulative
live birth rate of patients who chose AIH or IVF in the
initiating treatment cycle. Our results showed that the
cumulative live birth rates of women aged <35 years
by the initiating treatment in the AIH subgroups were
significantly lower than those in the IVF subgroups (in
the 10-12IU/L bFSH group, 13.74% vs. 41.13%, ’<0.05;
in the >12 IU/L bFSH group, 9.52% vs. 29.91%, P<0.05).
These results indicated that direct IVF was more
efficient for young DOR women with unexplained
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infertility. However, our study was a retrospective
analysis. Many patients switched to IVF after 1-2 cycles
of AIH, which might lead to biased results. Therefore,
further prospective studies are needed to determine
which strategy is more effective young DOR women
with unexplained infertility.

We also compared the IVF and AIH efficacy in
women with advanced ages. Aged DOR women also
have reduced egg quality and an increased likelihood
of aneuploidy.” A previous study had shown that
aged DOR women had low pregnancy and live birth
rates, as well as a high abortion rate.”” In a RCT study
of aged women with unexplained infertility in 2014,
154 couples randomized to receive AIH (103) or direct
IVF (51). The cumulative clinical pregnancy rates per
couple after the first two cycles of AIH or directly
IVF were 19.54% and 49.0%, respectively. Majority
live-born infants (84.2%) were achieved via IVF."? This
study demonstrated that direct IVF could achieve
superior pregnancy rate with fewer treatment cycles.'
Our results were similar to a previous study,'? with the
cumulative live birth rates of women aged >35 years
in the initial AIH cycle significantly lower than those
in the IVF cycles, indicating that direct IVF should be
considered for these women.

Because the higher bFSH level was associated
with the lower ovarian reserve,”® we stratified the
patients into two subgroups according to the bFSH
level (10sbFSH<12mlIU/ml and bFSH>12mIU/ml) to
compare the effects of slight and severe decrease in
ovarian reserve on pregnancy outcomes. Our results
showed that, among young women (<35 years old),
the cumulative live birth rate of AIH in the slightly
decreased ovarian reserve group(10<sbFSH<12mIU/
ml) was significantly higher than that in the severely
decreased ovarian reserve group (bFSH>12mIU/
ml) (13.74% and 9.52%, respectively, P<0.05). The
cumulative live rate in IVF was also significantly
higher (41.13% and 19.77%, respectively, P<0.05). In
the aged women (>35 years old), the cumulative live
birth rate of AIH in the slightly decreased ovarian
reserve group was similar to that in the severely
decreased ovarian reserve group (4.82% and 5.71%,
respectively, P>0.05). The cumulative live rate in IVF
was also similar (19.77% and 20.55%, respectively,
P>0.05). Our results showed that the live birth rates of
AIH and IVF in young DOR women with unexplained
infertility were significantly reduced with the increase
of bFSH level. In aged women DOR women with
unexplained infertility, the live birth rates of both AIH
and IVF were very low regardless the ovarian reserve
severity. For the aged women with DOR, the live birth
rate would be affected even if their ovarian reserve
were slightly reduced, and they need active treatment,
including direct IVF.

To answer the question that how many cycles be
performed to achieve a live birth, we performed
longitudinal analysis of the patient outcomes. Our data
also suggested that the number of treatment cycles
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that could achieve a live birth by AIH was similar to
that achieved by IVF. This result might be influenced
by physicians’ experiences in the treatment of DOR
patients, and patients” subjective choice of AIH or IVF.
Some patients were likelier to request IVF/ICSI, which
may lead to selection bias. Considering most live births
were achieved in the first two cycles of both AIH and
IVE/ICSI cycles and very low live birth rate in the aged
women with AIH, we suggested that no more than two
AIH attempts for this group of patients.

Strength of the study: A strength of our study is
its large sample size, which allowed us to organize
patients based on their different bFSH levels and ages.

Limitations of the study: It includes its retrospective
design and single-center research. In addition, serum
anti-Miillerian hormone (AMH) level, which is another
marker for DOR, was not available in our patients.
Hence, further prospective randomized studies are
required to confirm our results.

CONCLUSION

In conclusion, among patients with infertility solely
due to DOR, live birth rates following AIH were
significantly lower than IVF/ICSI, especially for the
aged women. For aged subfertile DOR women, direct
IVF was more effective than AIH, and no more than
two AIH attempts should be performed. Based on our
retrospective analysis results, for subfertile couples
solely due to DOR, physicians can inform them about
the estimated pregnancy rate and live birth rate of
AIH and IVF in different age groups. Combining the
patient’s own conditions and economic capacity, our
results may be helpful for the physicians and patients
to choose the appropriate treatments.

Note: The manuscript was presented at the 14th
National Conference on Obstetrics and Gynecology of
the Chinese Medical Association.

Availability of data and materials: The datasets
generated and analyzed during the current study
are available from the corresponding author on
reasonable request.
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