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associated with a poorer fresh cycle outcome 
in women < 38 years
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Abstract 

Background Previous studies have discussed the pregnancy outcomes of diminished ovarian reserve (DOR) 
patients. However, data on embryonic development potential, neonatal outcomes, and maternal complications of 
DOR patients still remained unknown. This is the first study to investigate the risk of DOR on pregnancy and perinatal 
outcomes among women < 38 years.

Methods Retrospective cohort study was conducted. Patients (< 38 years of age) undergoing their first oocyte 
retrieval cycle were included. Patients were divided into DOR group and non-DOR group. Pregnancy outcomes of 
fresh cycle and cumulative live birth rate and perinatal outcomes after one oocyte retrieved cycle were compared 
between DOR and non-DOR group.

Result(s) From January 2016 to September 2020, there were 8,179 patients involved: 443 patients in the DOR group 
and 7,736 patients in the non-DOR group. The incidences of live birth and clinical pregnancy did not differ signifi-
cantly between patients with or without DOR after fresh cycle transfer, but the cumulative live birth rate was signifi-
cantly lower in DOR group. Among women who had singleton live births, after binary logistic regression, the rates of 
maternal complications and neonatal outcomes were comparable in the two groups.

Conclusion(s) DOR patients (< 38 years of age) showed similar pregnancy outcomes in the first fresh embryo transfer 
cycle but a lower chance of live birth after a whole oocyte retrieval cycle to non-DOR patients and DOR is not associ-
ated with adverse perinatal outcomes.
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Introduction
As women age, their fecundity declines slowly but drops 
rapidly after the year 37  s [1]. The ability for bearing a 
child ultimately terminates at menopause on account of 
follicular pool exhaustion. Diminished ovarian reserve 
(DOR) is characterized as a loss of fertility prematurely 
[2]. It is often encountered in clinical practice. By report, 
the percentage of DOR is 6.3% in patients ≤ 35  years of 
age [3]. There are a lot of factors that result in DOR, such 
as ovarian surgery, therapy treatments for cancer, endo-
metriosis, smoking, and infections [4]. With females 
entering the workforce and pursuing a higher educational 
degree, all these social and economic issues lead many 
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women to postpone the time of having their first child to 
an advanced age. DOR surely puts much more burden on 
childbearing.

The clinical performances of DOR patients have been 
studied extensively these days. A meta-analysis including 
16 studies shows DOR is a risk factor for miscarriage and 
a meta-analysis reported an apparent association between 
DOR and recurrent pregnancy loss, meaning DOR may 
be relevant to a reduction in ovarian quality and oocyte 
number [5, 6]. Whereas recent studies using preimplan-
tation genetic testing for aneuploidy (PGT-A) argue that 
DOR patients have equivalent live birth rates to their age-
matched controls, implying DOR may not suffer from a 
decrease in quality [7]. Whether DOR women combined 
with an additional qualitative penalty is unsettled. Infer-
tile women due to decreased ovarian reserve often turn 
to fertility treatment and for some patients, the last resort 
to successfully conceive is using donor oocyte. Hence, the 
chance of becoming pregnant of DOR patients after ART 
treatment really deserves studying. In the meantime, 
despite the abundant literature evaluating pregnancy out-
comes, there are a few researches discussing the maternal 
and neonatal outcomes of DOR patients in fresh cycles to 
date [3, 8, 9]. Data on embryonic development potential, 
neonatal outcomes and maternal complications of DOR 
patients are still limited. The health of perinatal period 
and neonates also count.

We restricted our subjects to women with age < 38 years 
before ovarian stimulation according to a previous study 
[7]. In this study, we aimed to study the pregnancy and 
perinatal outcomes of DOR patients. We focused on the 
pregnancy outcomes of fresh cycles of DOR and non-
DOR patients who were less than 38 years after the opti-
mal embryo (s) were transferred. Also, we calculated the 
cumulative live birth rates of each group after one oocyte 
retrieved cycle. For perinatal outcome analysis, we com-
pared that of single live births which resulted from both 
fresh and frozen-thawed embryo transfer cycles.

Materials and methods
Study population and data collection
We collected the clinical data of patients who underwent 
their first IVF/ICSI cycle from January 2016 to Septem-
ber 2020 at the Reproductive Medicine Center of Tongji 
Hospital to conduct this retrospective study. Only data 
from patients (< 38  years old) without PGD/PGS would 
be included. Our exclusion criteria were (1) no available 
embryos were obtained in the current cycle, (2) patients 
with polycystic ovary syndrome as defined by the 2003 
Rotterdam Consensus revised diagnostic criteria [10], (3) 
uterine cavity abnormalities, (4) chromosomal abnormal-
ities in either of the couple, (5)endometriosis, (6) oocyte 
totally or partly freezing cycles, (7) patients underwent 

whole embryos frozen strategies and (8)core data miss-
ing (e.g., no information on BMI or endometrial thick-
ness). As a more sensitive marker, AMH has been used 
most widely to predict reproductive potential. AMH was 
measured within 12 months before the IVF/ICSI stimu-
lation. The AMH concentration was determined by the 
electrochemiluminescence immunoassay on day 3 of 
the menstrual period. After the inclusion and exclusion, 
which is shown in Supplemental Fig.  1, we divided the 
patients into DOR group (AMH < 1.1  ng/ML) and non-
DOR group (AMH ≥ 1.1 ng/ML) according to the AMH 
level. For further studies analyzing perinatal outcomes, 
patients with vanishing twin syndrome or multiple live 
births were excluded, which means only patients with 
first singleton live birth (during the study period) were 
considered, either in the fresh or frozen-thawed embryo 
transferred (FET) cycles.

This cohort included 8,179 patients. Of them, 443 
patients were in the DOR group, and 7,736 were in the 
non-DOR group. Ultimately, 183 DOR patients and 4,320 
non-DOR patients had singleton live births after a whole 
oocyte retrieved cycle and their perinatal outcomes were 
further studied.

We obtained the sociodemographic data, baseline 
information, IVF/ICSI data, and pregnancy outcomes 
from our electronic medical record system. Perinatal and 
neonatal information was collected by trained nurses 
through telephone interviews at specific time points 
before and after delivery. All information was confirmed 
by multiple reviews.

ART treatment
Details on ovarian stimulation, oocyte retrieval, embryo 
culture, morphological grading, vitrification cryopreser-
vation and warming procedures, and embryo transfer 
have been described in the previous study [11]. Briefly, 
oocytes were fertilized by routine IVF or ICSI. We rou-
tinely performed ovarian stimulation protocols with 
gonadotropin-releasing hormone (GnRH) agonist pro-
tocols, GnRH antagonist protocols, and other protocols, 
including mild stimulation protocols and luteal phase 
stimulation protocols. After observation of follicles larger 
than 14 mm in diameter, 10,000 IU of HCG was given as 
a trigger. Oocyte collection would be performed 36–38 h 
later. After 16–18 h of fertilization, 2PN embryos would 
continue to be cultured until day 2 or 3, and high-quality 
cleaved embryos were selected for fresh cycle transfer. 
Normal fertilization rate was calculated as the number 
of 2PN embryos/number of mature oocytes. In some 
cases, embryos continued to be cultured until Day 5, 6, 
or 7 to obtain blastocysts. Blastocyst formation rate was 
calculated as the number of blastocysts/number of day 
3 embryos for extended culture. Cleavage embryos were 
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evaluated according to 3 parameters: (1) the number of 
blastomeres, (2) fragmentation rate, and (3) symmetry 
[12]. Blastocysts were evaluated with reference to the 
Gardner scoring system [13]. Available blastocysts were 
defined as those blastocysts at stage 3 and above with a 
score of B and above of inner cell mass, and the number 
of them/the total number of blastocysts is the available 
blastocyst rate. The endometrial preparation protocols 
utilized in FET cycles were: the natural cycle, the pro-
grammed cycle, or the stimulated cycle. In our center, we 
recommend the programmed cycle for the convenience 
of scheduling the date of embryo transplantation. The 
maximum number of embryos to be transferred at one 
time is two, and both embryos should be from the same 
stimulation cycle.

Outcome assessments
Biochemical pregnancy loss was defined as a positive 
human chorionic gonadotropin (hCG) test at 14  days 
after embryo transfer without clinical pregnancy on 
ultrasonography. Clinical pregnancy was determined by 
the ultrasonographic visualization of one or more gesta-
tional sacs. A live birth was defined as the birth of one or 
more live infant(s) after 24 weeks of gestation.

The main outcome of this study was the live birth rate 
(LBR). On account of the difference in the embryo type 
transferred between the DOR and non-DOR groups, we 
calculated live birth rates and adjusted odds ratios based 
on the transfer of embryo types, as well as comparing 
DOR patients with 1 embryo transferred to non-DOR 
patients. To calculate the cumulative live birth rate for an 
oocyte retrieval cycle, we followed these patients for two 
years until all embryos were observed to be used up or 
live births were obtained, and for those patients who did 
not reach our defined endpoint after two years, we con-
servatively estimated that they would not obtain another 
live birth from the current cycle.

Secondary endpoints were perinatal outcomes and 
neonatal outcomes. Maternal complications included 
hypertensive disorders of pregnancy (HDP), gestational 
diabetes mellitus, and placenta praevia. HDP was diag-
nosed according to the International Society for the 
Study of Hypertension in Pregnancy (ISSHP) criteria 
[14]. HDP includes gestational hypertension, preeclamp-
sia, and eclampsia. Gestational diabetes mellitus was 
diagnosed according to the International Society for the 
Study of Diabetes and Pregnancy (ISSHP) [15]. Neonatal 
outcomes included preterm birth, cesarean section, male 
gender, low birth weight, macrosomia, and fetal malfor-
mation. Preterm birth was defined as a live birth before 
37 weeks of gestation and very preterm birth was defined 
as a live birth before 32  weeks of gestation. Low birth 
weight was defined as birth weight < 2,500  g for infants 

delivered at term, and macrosomia was defined as birth 
weight > 4,000 g for newborns.

Statistical analysis
Continuous variables were compared using Mann–Whit-
ney U-tests and expressed as medians (first quartile, third 
quartile). Categorical variables were compared using 
Chi-square tests or Fisher’s exact test when appropriate 
and were presented as the frequency with proportion.

Because our primary outcome of interest was the LBR, 
we used two adjusted models to remove the effect of con-
founding. Binary logistic regression was used in Model 
1 and inverse probability weighting (IPW) was used in 
model 2.

We applied Model 1 and Model 2 with live birth rates as 
the dependent variable, and outcomes were presented as 
adjusted odds ratio (aOR) with 95% CIs. Included covari-
ates were female age, BMI, primary infertility, duration of 
infertility in years, infertility diagnosis, controlled ovar-
ian stimulation (COS) protocols, fertilization methods, 
number of embryos transferred, type of embryo trans-
ferred, and endometrial thickness.

We used binary logistic regression in the analysis of 
singleton abnormal perinatal outcomes. Included covari-
ates were female age, BMI, primary infertility, duration of 
infertility in years, infertility diagnosis, COS protocols, 
fertilization methods, number of embryos transferred, 
type of embryo transferred, and from either fresh or FET 
cycles.

All of these calculations were analyzed by SPSS 26.0 
(IBM, Chicago, IL) and the statistical packages R (v.4.1; R 
Foundation for Statistical Computing, Vienna, Austria). P 
value < 0.05 was considered statistically significant.

Results
Participants’ characteristics and fertility evaluations
After screening, 8,179 cycles from January 2016 to Sep-
tember 2020 in Tongji hospital were included. According 
to the AMH level, these patients were subsequently clas-
sified into the DOR group (AMH < 1.1  ng/mL, n = 443) 
and the non-DOR group (AMH ≥ 1.1  ng/mL, n = 7,736) 
(Fig. 1).

The baseline characteristics and treatments are dis-
played in Table  1. Overall, DOR patients were older 
(P < 0.001) and heavier (P = 0.048) compared to con-
trols. However, the infertility duration of DOR patients 
was shorter (P = 0.004). As presumed, the basal AMH 
and AFC were significantly lower in DOR patients 
(P < 0.001). GnRH antagonist protocol was usually used 
in the DOR group (83.1% [368/443]), while GnRH ago-
nist protocol was mostly used in the non-DOR group 
(76.6% [5,928/7,736]). Patients in the DOR group expe-
rienced shorter Gn stimulation and received higher Gn 
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doses and still obtained significantly fewer oocytes than 
the control group. Female factors were more common in 
DOR patients (67.7% [300/443] vs. 49.3% [3,816/7,736]) 
while there was a significantly higher rate of male infer-
tility in non-DOR patients (5.4% [24/443] vs. 24.1% 
[1,868/7,736]), and this led to the differences in the ferti-
lization methods (P = 0.001).

Besides that, comparisons between the two popula-
tions showed no significant differences concerning pri-
mary infertility and prior ovarian surgeries.

Laboratory outcomes
Laboratory outcomes were shown in Table 1. The number 
of oocytes obtained was significantly lower in patients 
with DOR than in controls (P < 0.001). But the mature 
oocyte rate was similar between groups. Additionally, 
the normal fertilization ability of mature oocytes (nor-
mal fertilization rate) was even higher in the DOR group 
(72.9% vs. 69.9%, P = 0.002) while they had a lower blas-
tocyst formation rate (63.1% vs. 66.8%, P = 0.015), despite 
a comparable available blastocyst rate.

Pregnancy outcomes
Tables 1 and 2 show the pregnancy outcomes of the two 
groups. The frequency of transferring blastocysts was 
much higher in women without DOR (8.9% [685/7,736] 
vs. 4.1% [18/443]; P < 0.001). Fewer double embryo trans-
fers were performed in the DOR group (36.6% [162/443] 
vs. 43.8% [3,388/7,736]). The implantation rate of cleav-
age embryos remains lower in DOR group (41.4% 
[242/585] vs. 47.8% [4,974/10,407]; P = 0.002) while the 
implantation rate of blastocysts differed no significantly. 

Apart from that, the DOR group had a lower clini-
cal pregnancy rate (CPR) and LBR (47.9% [212/443] vs. 
57.4% [4,440/7,736]; P < 0.001 and 40.2% [178/443] vs. 
50.0% [3,866/7,736]; P < 0.001).

After adjusting the likely impact of covariates in 
adjusted Model 1 (binary logistic regression) and 
adjusted Model 2 (inverse probability weighting), there 
were no significant differences observed between the two 
populations in regard to live birth. We performed a sub-
group analysis according to the type of embryos trans-
ferred; the results remained consistent. Also, the LBR of 
two-embryo-transferred patients in the two groups dif-
fered not significantly. However, among patients who had 
one embryo transferred, the two adjustment models sug-
gested opposite conclusions——Model 1 led to no sig-
nificant difference between DOR and Non-DOR patients 
while Model 2 suggested a significant decrease in LBR in 
DOR patients (Table 2).

For secondary outcomes, adjusted model 1 and 
adjusted model 2 were used to calculate adjusted ratio 
ratios for the occurrence of biochemical pregnancy, clini-
cal pregnancy, ectopic pregnancy, and pregnancy loss 
events in fresh cycles in patients with DOR, as shown in 
Supplemental Table  1. The probability of clinical preg-
nancy, ectopic pregnancy, and miscarriage in patients 
with DOR was not significantly different from that in 
patients with Non-DOR, and model 2 suggested that 
DOR was a risk factor for the occurrence of biochemical 
pregnancy while Model 1 led to no significant difference.

As for cumulative outcomes after one entire ART cycle, 
the cumulative live birth rate of DOR group was 51.9%, 
while that of non-DOR group was 72.2% (P < 0.001). 

Fig. 1 The cumulative live birth rates of the two groups
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Table 1 Patients’ general characteristics and clinical outcomes

Continuous data are reported as medians (first quartile, third quartile) and analyzed by Mann–Whitney U tests

Categorical data are reported as n (%) and analyzed by χ2

DOR diminished ovarian reserve, BMI body mass index, AMH anti-Müllerian hormone, AFC antral follicle count, COS controlled ovarian stimulation, Gn gonadotropin, 
GnRH gonadotropin-releasing hormone, E2 estradiol, P progesterone, IVF in vitro fertilization, ICSI intracytoplasmic sperm injection
* P < .05

DOR (n = 443) Non-DOR (n = 7736) P value

Baseline characteristics
 Age (y) 31(28–34) 30(27–32)  < 0.001*

 BMI (kg/m2) 21.6(19.8–24.0) 21.3(19.6–23.4) 0.048*

 Primary infertility 303(68.4%) 5546(71.7%) 0.135

 Duration of infertility (years) 2(1–4) 3(2–4) 0.004*

 AMH (ng/mL) 0.8(0.6–1.0) 4.1(2.6–6.3)  < 0.001*

 AFC 6(4–8) 13(9–17)  < 0.001*

Infertility diagnosis  < 0.001*

 Female factor 300(67.7%) 3816(49.3%)

 Male factor 24(5.4%) 1868(24.1%)

 Female and male factors 111(25.1%) 1164(15.0%)

 Unknown 8(1.8%) 888(11.5%)

Prior ovarian surgery (n) 7(1.6%) 96(1.2%) 0.534

COS Protocol  < 0.001*

 GnRH agonist 60(13.5%) 5928(76.6%)

 GnRH antagonist 368(83.1%) 1758(22.7%)

 Others 15(3.4%) 50(0.6%)

Gn vials (days) 9(8–10) 10(9–11)  < 0.001*

Total Gn dose (IU) 2775(2400–3422) 2250(1800–2873)  < 0.001*

E2 1356 (964–1933) 2437 (1666–3417)  < 0.001*

P 0.64 (0.44–0.91) 0.81 (0.58–1.05)  < 0.001*

Endometrial thickness 10.9 (9.4–12.4) 11.8 (10.3–13.5)  < 0.001*

Fertilization methods 0.001*

 IVF cycles 324(73.1%) 5021(64.9%)

 ICSI cycles 93(21.0%) 2235(28.9%)

 IVF + ICSI cycles 26(5.9%) 480(6.2%)

No. of oocytes retrieved 6(4–8) 12(9–15)  < 0.001*

Mature oocyte rate (%) 2335/2652(88.0%) 80,849/93173(86.8%) 0.056

Normal fertilization rate (%) 1702/2335(72.9%) 56,529/80849(69.9%) 0.002*

Blastocyst formation rate (%) 622/986(63.1%) 29,790/44602(66.8%) 0.015*

Available blastocyst rate (%) 418/622(67.2%) 19,574/29790(65.7%) 0.437

Embryo type transferred  < 0.001*

 Cleavage embryo 425 (95.9%) 7051 (91.1%)

 Blastocyst 18 (4.1%) 685 (8.9%)

2 embryos transferred 162 (36.6%) 3388 (43.8%) 0.003*

No. of embryo transferred 605 11,124

Biochemical pregnancy rate (%) 20 (4.5%) 393 (5.1%) 0.597

Clinical pregnancy rate (%) 212 (47.9%) 4440 (57.4%)  < 0.001*

Implantation rate of cleavage embryos (%) 242/585 (41.4%) 4974/10407 (47.8%) 0.002*

Implantation rate of blastocysts (%) 10/20 (50.0%) 423/717 (59.0%) 0.420

Live birth rate (%) 178 (40.2%) 3866 (50.0%)  < 0.001*

Cumulative live birth rate (%) 230 (51.9%) 5589 (72.2%)  < 0.001*
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The difference between the two groups was statistically 
significant both before and after adjustment. Specific 
information on the fresh and FET cycles is shown in Sup-
plemental Table 2 and Fig. 1.

Singleton perinatal outcomes
As shown in Table  3, after excluding women with still-
births, women with vanishing twin syndrome, or live 
births from multiple pregnancies, there were 183 women 
(141 from fresh cycles and 42 from FET cycles) with 
DOR and 4,320 women without DOR who had singleton 
live births (2,949 from fresh cycles and 1,371 from FET 
cycles). There were significant differences in terms of age, 

BMI, male factor infertility, and type of embryo trans-
ferred between DOR patients and non-DOR patients. 
There was no significant difference in transfer of 2 
embryos between the two groups.

As for perinatal complications, there were no sig-
nificant differences between the two groups in gesta-
tional diabetes mellitus and gestational hypertension 
and placental abnormalities. No significant differences 
were found in cesarean delivery or gender of newborns 
between DOR and non-DOR. Also, neonatal complica-
tions consisting of preterm birth, low birth weight, and 
macrosomia or fetal malformation were comparable 
in DOR patients and non-DOR patients. There was no 

Table 2 Odds ratios and adjusted odds ratios of pregnancy outcomes before and after binary logistic regression and IPW

a Odds ratios (ORs), 95% confidence intervals (CIs), and P values were based on the univariate analysis
b  Adjusted odds ratios (aORs), 95% confidence intervals (CIs), and P(a) values1 were based on the binary logistic regression
c  Adjusted odds ratios (aORs), 95% confidence intervals (CIs), and P(a) values2 were based on the inverse probability weighting
d  adjusted for female age, BMI, primary infertility, duration of infertility in years, infertility diagnosis, COS protocols, fertilization methods, number of embryos 
transferred, type of embryo transferred, and endometrial thickness
e  adjusted for female age, BMI, primary infertility, duration of infertility in years, infertility diagnosis, COS protocols, fertilization methods, number of embryos 
transferred, and endometrial thickness
f  adjusted for female age, BMI, primary infertility, duration of infertility in years, infertility diagnosis, COS protocols, fertilization methods, number of embryos 
transferred, type of embryo transferred, and endometrial thickness
g  adjusted for female age, BMI, primary infertility, duration of infertility in years, infertility diagnosis, COS protocols, and fertilization methods

DOR diminished ovarian reserve
* P < .05

Live birth Crude Modela Adjusted Model 1b Adjusted Model 2c

n (%) OR (95%CI) P value Adjusted OR (95%CI) P(a) value1 Adjusted OR (95%CI) P(a) value2

Fresh  cyclesd

Groups

 DOR (n = 443) 178(40.2%) 0.672(0.553–0.816)  < 0.001* 0.969 (0.785–1.195) 0.766 0.934 (0.750–1.164) 0.545

 Non-DOR (n = 7,736) 3866(50.0%) Reference Reference Reference

Blastocyst  transferrede

 DOR (n = 18) 8 (44.4%) 0.697 (0.272–1.788) 0.453 1.454 (0.509–4.152) 0.485 0.504 (0.097–2.057) 0.359

 Non-DOR (n = 685) 366 (53.4%) Reference Reference Reference

Cleavage embryo  transferrede

 DOR (n = 425) 170 (40.0%) 0.676 (0.553–0.825)  < 0.001* 0.956 (0.772–1.185) 0.956 0.931 (0.745–1.162) 0.527

 Non-DOR (n = 7,051) 3502 (49.7%) Reference Reference Reference

One embryo  transferredf

 DOR with one embryo 
transferred (n = 281)

105 (37.4%) 0.694 (0.541–0.890) 0.004* 1.001 (0.765–1.310) 0.994 0.727 (0.550–0.956) 0.024*

 Non-DOR with one 
embryo transferred 
(n = 4348)

2010 (46.2%) Reference Reference Reference

Two embryos  transferredf

 DOR with two embryos 
transferred (n = 162)

73 (45.1%) 0.675 (0.492–0.927) 0.015* 0.907 (0.648–1.270) 0.571 1.228 (0.860–1.764) 0.220

 Non-DOR with two 
embryos transferred 
(n = 3388)

1856 (54.8%) Reference Reference Reference

Cumulative live  birthg

 DOR (n = 443) 230 (51.9%) 0.414 (0.342–0.502)  < 0.001* 0.604(0.491–0.744)  < 0.001* 0.635 (0.510–0.794)  < 0.001*

 Non-DOR (n = 7,736) 5589 (72.2%) Reference Reference Reference
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difference in neonatal complications between the two 
groups.

Singleton live birth outcomes for fresh cycles alone 
are shown in Supplemental Table 3. After using a binary 
logistic regression model, the difference in perinatal 
complications between the two groups was not statisti-
cally significant.

Discussion
In the present study, we investigated the risk of 
DOR on pregnancy and perinatal outcomes among 
women < 38  years. According to our results, DOR 
patients had a similar LBR after fresh ET cycles but a 
significantly lower CLBR after a whole oocyte retrieved 
cycles than non-DOR patients. Further, DOR did not 
increase the risk of perinatal complications in compari-
son to non-DOR.

Multiple clinical and experimental researches have 
proved that women’s ovaries would experience a physio-
logically sharp decline in both the quantitative and quali-
tative aspects around the age of 38. The aneuploidy rate 
of embryos substantially rises when reaching 38  years 
of age [16], and at the same time, data obtained from 
the mathematical model displayed the primordial fol-
licles would fall below the threshold at approximately 
37.5 years among most people [17, 18]. Therefore, in the 

current study, we restricted our study subjects to women 
less than 38  years in order to figure out whether DOR 
patients suffer from a simultaneous qualitative reduction 
besides a decreased oocyte number.

Our results showed DOR patients have a similar clini-
cal pregnancy rate and LBR in the fresh cycle. This can 
somewhat indicate that DOR women are not associated 
with a decreased oocyte quality. The average of oocytes 
acquired was significantly lower in DOR patients. How-
ever, we found that the oocyte maturation rate and fertili-
zation rate were not decreased in DOR women. Attrition 
occurs at each stage in the IVF process. Therefore, non-
DOR patients could have much more chance of acquir-
ing considerable embryos. Non-DOR patients tend to 
transplant more than one embryo to obtain much more 
opportunities of getting pregnant. It is also worth not-
ing that the proportion of blastocyst transfer in non-
DOR patients was significantly higher. The few number 
of oocyte limited the blastocyst transplantation to some 
degree. Compared to cleavage embryo, blastocyst trans-
fer is considered to be more physiological because it is 
closer to natural conception. Transfer at the blastocyst 
stage can improve the synchronicity of both uterus and 
embryo and therefore lead to higher LBRs [19]. There-
fore, we conducted subgroup analyses among women 

Table 3 Singleton abnormal perinatal outcome

Continuous data are reported as medians (first quartile, third quartile) and analyzed by Mann–Whitney U tests

Categorical data are reported as n (%) and analyzed by χ2

P(a) values are based on binary logistic regression, adjusted for female age, BMI, primary infertility, duration of infertility in years, infertility diagnosis, COS protocols, 
fertilization methods, number of embryos transferred, type of embryo transferred, and from either fresh or FET cycles

HDP hypertensive disorders of pregnancy
* P < .05

Case (n = 183) Control (n = 4320) P value P(a) value

Fresh cycles 141 (77.0%) 2949 (68.3%) 0.012* -

FET cycles 42 (23.0%) 1371 (31.7%) -

Age 31 (28–33) 30 (27–32)  < 0.001* -

BMI 21.9 (19.9–24.1) 21.3 (19.6–23.4) 0.034* -

Male factor infertility 14 (7.7%) 1056 (24.4%)  < 0.001* -

Two embryos transferred 48 (26.2%) 1361 (31.5%) 0.132 -

Blastocyst 8 (4.4%) 485 (11.2%) 0.004* -

HDP 9 (4.9%) 121 (2.8%) 0.094 0.202

Gestational diabetes mellitus 14 (7.7%) 250 (5.8%) 0.293 0.521

Abnormal placenta 4 (2.2%) 165 (3.8%) 0.255 0.277

Cesarean delivery 138 (75.4%) 3206 (74.2%) 0.717 0.684

Preterm delivery, < 37 wk 11 (6.0%) 261 (6.0%) 0.986 0.872

Very preterm delivery, < 32wk 1 (0.5%) 25 (0.6%) 0.955 0.869

Male gender 89 (48.6%) 2357 (54.6%) 0.115 0.096

Low birth weight, < 2,500 g 1 (0.5%) 49 (1.1%) 0.457 0.512

Macrosomia, > 4000 g 14 (7.7%) 204 (4.7%) 0.071 0.140

Fetal malformation 3 (1.6%) 47 (1.1%) 0.486 0.940
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who had one embryo transferred and women who had 
blastocyst transferred.

In agreement with us, Morin et al. [7] found the LBR of 
patients with AMH in the < 10th percentile and patients 
with AMH in the 25th to 75th percentile was compared 
among all patients and among patients who used PGT-A 
after blastocyst transfer. In a recent study performed by 
Fouks et  al. [20], young DOR patients were not asso-
ciated with a reduced euploid rate compared to their 
age-matched counterparts and the LBR was not signifi-
cantly different between the two groups after transferring 
euploid single-embryo. However, there are some publica-
tions that provided the opposite views. Jaswa et  al. [21] 
included more than 1,000 patients aged 19–42 years and 
found the euploid rate of DOR patients was lower than 
non-DOR patients at different maternal age subgroups. 
What’s more, Shahine et  al. [22] found the aneuploidy 
rate was higher in DOR patients who complained about 
recurrent pregnancy loss. The application of PGT-A is 
under a strict condition and it is not universally used in 
all infertile patients, therefore, this result is not repre-
sentative of the broader picture. The study by Tiegs et al. 
[23] showed similar pregnancy outcomes between young 
patients with AMH < 1.0 ng/mL and AMH ≥ 1.0 ng/mL. 
Though it was performed in women using intrauterine 
insemination (IUI) rather than IVF, it also suggested the 
quantitative, but not qualitative distinction of DOR ver-
sus non-DOR, similar to our findings. However, there 
are data showing different opinions. Chang et  al. [24] 
included 305 young women with DOR, 279 aged women 
with DOR, and 821 young women with a normal ovar-
ian reserve who had embryos transferred. They found a 
markedly lower rate of biochemical pregnancy and clini-
cal pregnancy of young DOR women in comparison to 
women with normal ovarian reserve. However, they did 
not adjust for clinical outcomes by type and number of 
embryos transferred, whereas our study did, which made 
more credibility. Zakhari et  al. [25] performed a single 
ideal blastocyst transfer in women < 40  years old. They 
defined DOR as AFC ≤ 5 follicles. The biochemical preg-
nancy rate, CPR, and LBR were superior in women with 
AFC > 5 follicles. Earlier publications indicate a likely 
association between DOR and recurrent pregnancy loss 
[5, 22, 26]. Existing evidence is contradicting and far 
from conclusive. Our results imply that the developmen-
tal potential of embryo in young DOR patients may be as 
good as in non-DOR patients.

In the present study, we found DOR did not increase 
the risk of perinatal complications. Published data didn’t 
show a connection between DOR and abnormal neonatal 
outcomes. However, there are studies indicating the asso-
ciation between DOR and a higher risk of HDP. Han et al.
[8] found that the rate of HDP was significantly higher in 

DOR women under 40 years old compared to their age-
matched controls when fresh ET was performed. They 
held that ovarian aging is connected with abnormal luteal 
phase function and this may lead to vascular problems 
and hypertensive disorders during pregnancy [27–29]. 
A newly published data conducted by Herman et  al. [9] 
found a higher risk of preeclampsia during pregnancy in 
DOR patients. The possible reason is that low AMH value 
is a phenotype of insulin resistance which is related to 
vascular damage, thus leading to an increased likelihood 
of HDP in DOR patients [30]. Further, low AMH may lead 
to hormonal disorders and an increased rate of obesity, 
therefore increasing the risk of cardiovascular disease [31, 
32]. While we didn’t find significant differences in the inci-
dence of HDP whether in fresh cycles or in a whole oocyte 
retrieval cycle. We assumed this may be caused by the dif-
ference in the study populations because patients in our 
cohort were apparently younger than that in those studies 
because age is the dependent factor of abnormal perinatal 
outcomes. In fact, the rate of HDP of DOR patients under 
35  years was similar to that of normal ovarian reserve 
patients in Han’s work. What’s more, whether DOR is 
associated with luteal dysfunction or metabolic disorder 
is far from conclusive [33]. In our study, a part of the sin-
gleton live births was from FET cycles. The programmed 
FET cycles accounted for more than 90% of endometrial 
preparation protocols used in both the DOR and non-
DOR groups, which was reported to have a higher risk 
of HDP, postpartum hemorrhage, cesarean section, and 
giving birth of a newborn being large for gestational age 
compared to natural cycle [34, 35]. However, the pro-
grammed FET was used in a similar proportion between 
the two groups and we adjusted the endometrial prepa-
ration protocol as a confounding factor. Well-organized 
prospective research is needed to investigate the possible 
association between DOR patients and cardiovascular 
risk factors and if the notable link is established, this can 
contribute to enhancing patient care post-conception.We 
focused on fresh cycles and aimed to evaluate the LBR to 
investigate whether the embryo quality is decreased in 
the DOR group. When embryo transfers take place, the 
optimal embryo was the first priority. We also included 
all of the cycles with embryo transferred after a whole 
oocyte retrieval cycle. Thus, one of the strengths of this 
study is that we interpreted the qualitative and quantita-
tive performances at the same time. Another strength of 
this study is that we adopted multiple statistical methods 
to make our results more reliable. However, there are sev-
eral limitations. Firstly, the number of blastocyst embryos 
transferred was relatively fewer. We would collect this 
part of data prospectively. We found no statistically sig-
nificant difference in LBR when transferring blastocyst 
which we assumed was caused by the limited number 
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of patients who had blastocyst transfer. Then, we only 
included patients who had available embryos and this 
may overestimate the fertility fecundity of DOR patients. 
Finally, due to its retrospective nature, our study was una-
ble to provide information on maternal smoking or the 
weight gained during gestation.

Young DOR women are not always linked with a poor 
response [36]. The number of oocytes acquired is not 
unacceptable for some patients. However, according to 
our results, we provided a signal to them, age should 
also be taken into consideration for predicting fecun-
dity primarily. The diagnosis of DOR questions the 
probability of bearing a child. In the light of the pre-
sent study, DOR may not be connected to both poorer 
oocyte quality. Young DOR women with certain causes 
of infertility should seek medical advice immediately 
and the pregnancy and perinatal outcomes are some-
what encouraging.
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