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Abstract 
Early pregnancy loss (EPL) is a common complication of assisted reproductive technology treatment; however, the exact factors 
involved in EPL are not fully understood. This study aimed to evaluate the risk factors for EPL in fresh in vitro fertilization (IVF) 
or intracytoplasmic sperm injection (ICSI) cycles. This retrospective cohort study was conducted on all couples who underwent 
clinical pregnancy in fresh IVF/ICSI cycles from January to December 2019 at a single large reproductive medical center. In total, 
954 cycles were included in this study. Univariate and multivariate logistic regression analyses were performed to evaluate relevant 
risk factors for EPL. Curve fitting and threshold analyses were used to explore the association between risk factors and EPL. 
Compared with women with a normal total antral follicle count (AFC) (≥10, <15), those with a low AFC (<10) had a higher risk of 
EPL (odds ratio 2.97, 95% confidence interval: 1.38–6.38, P < .05). Patients with an estradiol/progesterone ratio (E2/P) ≥ 1.1 had 
significantly lower odds of EPL than women with E2/P < 1.1 (odds ratio 0.51, 95% confidence interval 0.28–0.91, P < .05). E2/P 
and serum human chorionic gonadotropin (hCG) levels negatively correlated with EPL. By using a 2-piecewise regression model, 
the inflection point of serum hCG level was 599.9 IU/L. Our results showed that lower AFC, E2/P, and serum hCG levels were 
associated with a higher EPL risk in fresh IVF/ICSI cycles.

Abbreviations: AFC = antral follicle count, ART = assisted reproductive technology, BMI = body mass index, CA-125 = 
carbohydrate antigen 125, COH = controlled ovarian hyperstimulation, E2 = estradiol, E2/P = estradiol/progesterone ratio,  
EPL = early pregnancy loss, ET = embryo transfer, FSH = follicle-stimulating hormone, Gn = gonadotropin, hCG = human chorionic 
gonadotropin, ICSI = intracytoplasmic sperm injection, IVF = in vitro fertilization, LH = luteinizing hormone, PRL = prolactin,  
SD = standard deviation, TSH = thyroid-stimulating hormone.
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1. Introduction

Infertility is a disease that affects up to 15.5% of reproduc-
tive-aged couples.[1] With the development of assisted reproduc-
tive technology (ART),[2] an increasing number of patients with 
infertility are receiving ART for help, such as in vitro fertiliza-
tion (IVF) or intracytoplasmic sperm injection (ICSI). Although 
the clinical pregnancy rate has gradually improved over the 
past decade, early pregnancy loss (EPL) is a common complica-
tion,[3] with an EPL rate higher than that of natural conception, 
up to 29%.[4] Molecular karyotypic abnormalities are the most 
important cause of miscarriage, and a woman’s age is a signif-
icant factor influencing karyotypic abnormalities.[5] Therefore, 
ART treatment may not present an increased risk for chromo-
somal abnormalities occurring in EPL, but the incidence of fetal 
aneuploidy could increase significantly with advancing maternal 

age.[6] Maternal age, paternal age, controlled ovarian hyperstim-
ulation (COH) protocol, and serum human chorionic gonado-
tropin (hCG) levels 14 days after transfer[7] were all related to 
pregnancy loss. However, some unknown factors may affect 
pregnancy outcomes during IVF/ICSI cycles. Thus, it is essential 
to explore the exact factors influencing EPL, thereby improving 
the ART strategy.

Although many studies have assessed risk factors for EPL in 
ART pregnancies,[8,9] few large-scale studies have compared the 
differences between EPL and patients with ongoing pregnancy, 
which may be applied to counsel pregnant women on ART 
about risk factors and help doctors improve the protocols.

The study aimed to explore the EPL risk in women who 
conceived with IVF/ICSI in fresh cycles by analyzing a ret-
rospective cohort of pregnancies. We explored the signifi-
cant risk factors for EPL risk. This study could be useful in 
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identifying patients at a high risk of EPL and may shed light 
on the modification of ART protocols to minimize the risk 
of EPL.

2. Materials and Methods

2.1. Study population

This was a retrospective, cohort study. A total of 954 embryo 
transfer (ET) cycles were carried out, resulting in clinical 
pregnancies at the Reproductive Medicine Center of the First 
Hospital of Lanzhou University. Detailed information on mater-
nal and paternal characteristics, ART treatment procedures, and 
follow-up outcomes was entered into the electronic database 
by the clinical support staff. The records of all patients who 
conceived from January to December 2019 by IVF/ICSI treat-
ment were screened. Only patients with singleton pregnancies 
were included in the study. The exclusion criteria were multiple 
pregnancies that showed more than 1 gestational sac on ultra-
sonography, ectopic pregnancy, preimplantation genetic testing, 
and those involving donor oocytes or semen. The indications for 
IVF/ICSI included tubal, male, endocrine, and immune factors.

2.2. Ethics statement

This study was approved by the Ethics Committee of the 
First Hospital of Lanzhou University (approval number 
LDYYSZLLKH2022-01). The written informed consent was 
excused by the institutional review board.

2.3. Outcome variables

A total of 954 patients with clinical pregnancy were divided into 
2 groups according to their early pregnancy outcomes: ongo-
ing pregnancy group (>12 weeks of gestation) and EPL group. 
Clinical pregnancy was defined as the presence of a gestational 
sac on ultrasonography. The primary outcome was EPL, defined 
as pregnancy loss before the 12th gestational week after confir-
mation of a gestational sac on ultrasound. Ongoing pregnancy 
was defined as the presence of a gestational sac and a fetal heart-
beat after 12 weeks of gestation.

Clinical and laboratory data were extracted directly from our 
electronic medical records, including maternal age, maternal 
body mass index (BMI), paternal age, infertility type, duration 
of infertility, basal follicle-stimulating hormone (FSH), basal 
luteinizing hormone (LH), basal estradiol (E2), basal prolactin 
(PRL), basal thyroid-stimulating hormone (TSH), carbohydrate 
antigen 125 (CA-125), total antral follicle count (AFC), COH 
protocol, gonadotropin (Gn) stimulation days, total Gn dose, 
estradiol/progesterone ratio (E2/P) on hCG administration day, 
number of retrieved oocytes, number of metaphase-2 oocytes, 
endometrial thickness, fertilization methods(IVF or ICSI), and 
number of transferred embryos. hCG was measured 14 days 
after transfer in a single laboratory. All variables had <5% miss-
ing data.

2.4. Statistical analysis

Continuous variables were expressed as mean ± standard devi-
ation (SD) and categorical variables as N (%). Univariate and 
multivariate logistic regression analyses were performed to 
evaluate risk factors for EPL. Smooth curve fitting was per-
formed to analyze the relationships among AFC, E2/P, serum 
hCG level, and EPL risk. A 2-piecewise linear regression model 
was used to examine the threshold effect of serum hCG lev-
els on EPL risk. The threshold level (i.e., inflection point) was 
determined by trial and error, including the selection of inflec-
tion points along with a predefined interval and then choosing 
the inflection point that gave the maximum model likelihood. 

All statistical analyses were performed using EmpowerStats, 
version 2018-05-05 (X&Y Solutions, Inc., Boston, MA, USA) 
and R software.

3. Results
Between January and December 2019, a total of 954 IVF/ICSI 
fresh transfer cycles from patients resulted in clinical pregnancy. 
Among the conception cycles, 132 (13.8%) patients had EPL 
and 822 (86.2%) had ongoing pregnancies. The baseline char-
acteristics of the 2 groups are shown in Table  1. Significant 
differences were found in maternal age, paternal age, type of 
infertility, and total AFC.

Treatment information for the ongoing pregnancy and EPL 
groups is shown in Table 2. Women with EPL received a higher 
dose of Gn (3382.94 ± 1464.77 vs 3114.43 ± 1325.50, P < .05) 
and retrieved less E2/P (2.21 ± 1.08 vs 2.48 ± 1.09, P < .05) and 
number of metaphase-2 oocytes. On day 14 after transfer, the 
ongoing pregnancy group had significantly higher serum hCG 
levels than the EPL group (1011.51 ± 789.25 vs 495.19 ± 569.19, 
P < .001). However, no differences in the COH protocol, Gn 
stimulation days, number of retrieved oocytes, endometrial 
thickness, fertilization method, and number of the transferred 
embryos were identified.

Univariate logistic regression analysis revealed that mater-
nal age, paternal age, infertility type, total AFC, total Gn 
dose, E2/P, number of metaphase-2 oocytes, and serum hCG 
levels were associated with the EPL risk (Table  3). After 
including these variables in the same model, total AFC, 
E2/P, and serum hCG levels were still independently associ-
ated with the EPL risk, whereas maternal age, paternal age, 
infertility type, total Gn dose, and number of metaphase-2 
oocytes were no longer related (Table  3). Compared with 

Table 1

Basal characteristics of clinical pregnancies conceived in fresh 
IVF/ICSI cycles.

 Ongoing pregnancy Early pregnancy loss P 

N 822 132  
Maternal age (y)   <.001
  <35 641 (77.98%) 87 (65.91%)  
  ≥35, <40 147 (17.88%) 25 (18.94%)  
  ≥40 34 (4.14%) 20 (15.15%)  
Maternal BMI (kg/m2)   .988
  <18.5 73 (9.06%) 12 (9.45%)  
  ≥18.5, <24 544 (67.49%) 85 (66.93%)  
  ≥24 189 (23.45%) 30 (23.62%)  
Paternal age (y)   .002
  <35 585 (71.25%) 77 (58.33%)  
  ≥35, <40 162 (19.73%) 31 (23.48%)  
  ≥40 74 (9.01%) 24 (18.18%)  
Type of infertility   .004
  Primary 478 (58.15%) 59 (44.70%)  
  Secondary 344 (41.85%) 73 (55.30%)  
Duration of infertility (y) 4.15 ± 4.73 4.17 ± 3.11 .964
Basal FSH (IU/L) 6.70 ± 2.20 6.21 ± 2.04 .067
Basal LH (IU/L) 5.66 ± 3.46 5.00 ± 2.54 .110
Basal E2 (pmol/mL) 43.52 ± 28.98 48.58 ± 37.48 .174
Basal PRL (μg/L) 19.26 ± 10.02 17.76 ± 8.22 .220
Basal TSH (IU/L) 4.35 ± 8.95 4.33 ± 6.56 .982
CA-125 (U/mL) 20.68 ± 16.26 20.28 ± 12.85 .841
Total AFC   .002
  <5 188 (23.30%) 49 (37.69%)  
  ≥10, <15 274 (33.95%) 32 (24.62%)  
  ≥15 345 (42.75%) 49 (37.69%)  

Values are mean ± standard deviation or number (percentage).
AFC = total antral follicle count, BMI = body mass index, CA-125 = carbohydrate antigen 125, 
E2 = estradiol, FSH = follicle-stimulating hormone, IVF/ICSI = in vitro fertilization/intracytoplasmic 
sperm injection, LH = luteinizing hormone, PRL = prolactin, TSH = thyroid-stimulating hormone.
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women with normal AFC (≥ 10, <15), those with low AFC 
(<10) had a higher risk of EPL (OR 2.97, 95% confidence 
interval (CI) 1.38–6.38, P < .01); however, patients with high 
(AFC ≥ 15) showed no difference in EPL risk. We further 
applied a 2-piecewise linear regression model to examine the 
threshold effect of AFC on EPL using a smoothing function 
(Fig. 1A). We found the inflection point was 13, but the dif-
ference was not significant.

Patients with E2/P ≥ 1.1 had significantly lower odds of 
EPL than women with E2/P < 1.1 (OR 0.51, 95% CI 0.28–
0.91, P < .05). Additionally, smooth curve fitting clearly 
showed a linear independent association between E2/P and 
EPL risk (Fig.  1B). No threshold or saturation effect was 
observed in this association. With increasing E2/P, the EPL 
risk decreases linearly.

Serum hCG levels were negatively correlated with EPL. As 
shown in Figure 1C, the smoothing curve showed a nonlinear 
relationship between the EPL risk and serum hCG level. Using 
a 2-piecewise regression model (Table 4), the inflection point 

was 599.9 IU/L. On the left of the inflection point, the serum 
hCG level negatively correlated with EPL risk (OR 0.9945, 
95% CI 0.9933–0.9958, P < .0001). By contrast, there was 
no correlation between the serum hCG level and EPL risk on 
the right of the inflection point (OR 0.9998, 95% CI 0.9993–
1.0003, P = .4293).

4. Discussion
This retrospective cohort study focused on the risk factors of 
EPL throughout fresh IVF/ICSI cycles, including 954 clinical 
pregnancies, 132 of which had EPL. The main findings of 
this study were that total AFC, E2/P, and serum hCG lev-
els were associated with a high EPL risk in the ART/ICSI 
population.

Studies addressing factors related to EPL in fresh IVF/ICSI 
have reported varying results. Sunkara demonstrated that the 
pregnancy loss rate was higher with advanced age, secondary 
infertility, and female-related infertility than with younger age, 
male-related infertility, and unexplained cause.[10] However, an 
earlier study that analyzed 1196 pregnancies found that the 
effects of age, obesity, and other risk factors were not signif-
icant in the logistic regression analysis.[8] The adverse effects 
of age on EPL risk have been reported in many studies.[10–12] 
This may be attributed to oocyte aneuploidy, oocyte deteri-
oration, and endocrine variations that occur with advanced 
age. This study also indicated that paternal and maternal age 
was significantly different between the ongoing pregnancy 
and EPL groups. However, in the logistic regression analysis 
after adjusting for confounders, the differences were no lon-
ger significant.

AFC is an ultrasound measure of pretreatment small antral 
follicles in both the ovaries. This is a good predictor of ovar-
ian reserve during ART. Therefore, the AFC measurement is 
recommended at the beginning of a cycle.[13] Studies on AFC 
in the EPL are limited. Keane et al[14] reported that pregnancy 
loss rates appeared to be dependent on AFC, but this was not 
significant (P > .05). Our study demonstrated a nonlinear 
relationship between AFC and EPL; therefore, further work 
is necessary.

COH produces P and supra-physiological levels of E2, both 
of which alter oocyte quality, endometrial function, or both and 
ultimately influence IVF/ICSI outcomes. Endometrial receptivity 
is regulated by complex interactions between E2 and P. Supra-
physiological steroid hormone levels alter endometrial E2/P 
ratios and subsequently lead to impaired endometrial receptiv-
ity. Few studies have evaluated the effect of E2/P on IVF/ICSI 
outcomes, including clinical pregnancy,[15] ongoing pregnancy,[16] 
and live birth rates.[16,17] However, to the best of our knowledge, 
no study has evaluated the association between E2/P and EPL. 
We observed a negative and strong relationship between E2/P 
and EPL risk. Besides, the result of the smooth curve fitting 
suggested that the association was linear in the whole range of 
E2/P. In other words, the risk of EPL decreases proportionally 
with the increase in the E2/P ratio, without any saturation or 
threshold effect. Hence, our study may be an important addi-
tion to this field, but further studies are needed to strengthen 
this finding.

HCG is a key factor in embryo implantation in the first 
trimester of pregnancy. In early pregnancy, hCG is secreted 
primarily by trophoblasts and performs multiple roles in the 
establishment of pregnancy, including the promotion of angio-
genesis,[18] decidualization,[19] maternal immune tolerance at 
the maternal–fetal interface,[20] and trophoblast invasion.[21] 
Previous studies have established an association between 
serum hCG levels and EPL. Hu et al observed that the hCG 
level 14 days after transfer was significantly higher in the live 
birth group than in the miscarriage group, especially EPL, but 
the cutoff value of prediction was not determined.[7] Zhang et 

Table 2

Treatment information of clinical pregnancies conceived in fresh 
IVF/ICSI cycles.

 Ongoing pregnancy Early pregnancy loss P 

N 822 132  
COH protocol   .278
  GnRH-a prolonged 

protocol
303 (36.86%) 44 (33.33%)  

  GnRH-a short 
protocol

1 (0.12%) 1 (0.76%)  

  GnRH-a long protocol 459 (55.84%) 72 (54.55%)  
  GnRH antagonist 

protocol
42 (5.11%) 10 (7.58%)  

  Minimal stimulation 
protocol

15 (1.82%) 5 (3.79%)  

  Other protocol 2 (0.24%) 0 (0.00%)  
Gn stimulation days 13.07 ± 1.91 12.61 ± 2.04 .114
Total Gn dose(IU) 3114.43 ± 1325.50 3382.94 ± 1464.77 .037
Total Gn dose(IU)   .014
  <3150.73 508 (63.03%) 65 (51.59%)  
  ≥3150.73 298 (36.97%) 61 (48.41%)  
E2/P 2.48 ± 1.09 2.21 ± 1.08 .009
Number of retrieved 

oocytes
  .176

  <6 70 (8.52%) 13 (9.85%)  
  ≥6, <15 401 (48.78%) 74 (56.06%)  
  ≥15 351 (42.70%) 45 (34.09%)  
Number of 

metaphase-2 
oocytes

  .024

  <7 144 (17.52%) 34 (25.76%)  
  ≥7 678 (82.48%) 98 (74.24%)  
Endometrial 

thickness(cm)
  .201

  <0.8 13 (1.59%) 5 (3.79%)  
  ≥0.8, <1.2 451 (55.00%) 68 (51.52%)  
  ≥1.2 356 (43.41%) 59 (44.70%)  
Fertilization methods   0.211
  IVF 550 (66.91%) 81 (61.36%)  
  ICSI 272 (33.09%) 51 (38.64%)  
Number of transferred 

embryos
  .195

  1 55 (6.69%) 11 (8.33%)  
  2 707 (86.01%) 106 (80.30%)  
  3 60 (7.30%) 15 (11.36%)  
Serum hCG level(IU/L) 1011.51 ± 789.25 495.19 ± 569.02 <.001

Values are mean ± standard deviation or number (percentage).
COH = controlled ovarian hyperstimulation, Gn = gonadotropin, hCG = human chorionic 
gonadotropin, IVF/ICSI = in vitro fertilization/intracytoplasmic sperm injection.
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al[22] reported that the serum β-hCG level of live births was sig-
nificantly higher than that of spontaneous miscarriage (596.8 
IU/L vs 357.15 IU/L; P < .001). Those were consistent with our 
study, but a definite cutoff value for EPL prediction remains 
unestablished. In our study, we found that hCG was negatively 
related to EPL risk when hCG was < 599.9 IU/L. However, the 
potential mechanism linking hCG and EPL should be consid-
ered in the future.

This study had some limitations. First, this study was limited 
by the retrospective nature of the analysis. Second, although 
multiple pregnancies were excluded in this study, multiple ETs 
were still included, which may have interfered with the outcome. 
However, we believe that these data will be of interest to the 
clinicians.

5. Conclusion
In conclusion, risk factors associated with EPL in fresh IVF/ICSI 
cycles were identified through a retrospective study. Lower AFC, 
E2/P, and serum hCG levels were associated with a higher EPL 
risk. Hopefully, these findings may offer some suggestions for 
the population at risk of EPL and contribute to future basic 
studies on its etiology.
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Table 3

Risk of early pregnancy loss by univariate and multivariate logistic regression analyses.

Variables 

Univariable Multivariable

OR (95% CI) P OR (95% CI) P 

Maternal age (y)     
  <35 Reference  Reference  
  ≥35, <40 1.25 (0.78, 2.02) .3565 0.80 (0.40, 1.58) .5215
  ≥40 4.33 (2.39, 7.87) <.001 2.33 (0.90, 6.04) .0816
Paternal age (y)     
  <35 Reference  Reference  
  ≥35, <40 1.45 (0.93, 2.28) .1045 1.32 (0.74, 2.34) .3503
  ≥40 2.46 (1.47, 4.14) <.001 1.33 (0.57, 3.09) .5057
Type of infertility     
  Primary Reference  Reference  
  Secondary 1.72 (1.19, 2.49) .0041 1.44 (0.91, 2.28) .1158
Total AFC     
  <10 2.23 (1.38, 3.62) .0011 2.97 (1.38, 6.38) .0054
  ≥10, <15 Reference    
  ≥15 1.22 (0.76, 1.95) .4173 1.10 (0.64, 1.92) .7242
Total Gn dose (IU)     
  <3150.73 Reference  Reference  
  ≥3150.73 1.60 (1.10, 2.33) .0147 1.34 (0.67, 2.69) .4062
E2/P     
  <1.1 Reference  Reference  
  ≥1.1 0.45 (0.26, 0.78) .0043 0.51 (0.28, 0.91) .0225
Number of metaphase-2 oocytes     
  <7 Reference  Reference  
  ≥7 0.61 (0.40, 0.94) .0252 0.82 (0.45, 1.48) .5016
Serum hCG level (IU/L)     
  <591.7 Reference  Reference  
  ≥591.7 0.19 (0.12, 0.28) <.001 0.44 (0.21, 0.92) .0304

AFC = total antral follicle count, CI = confidence interval, COH = controlled ovarian hyperstimulation, Gn = gonadotropin, hCG = human chorionic gonadotropin, IVF/ICSI = in vitro fertilization/
intracytoplasmic sperm injection, OR = odds ratio.

Figure 1. (A) Multivariate-adjusted smoothing spline plots of early pregnancy loss rate by the total AFC. (B) Multivariate-adjusted smoothing spline plots of 
early pregnancy loss rate by E2/P. (C) Multivariate-adjusted smoothing spline plots of pregnancy loss rate by the serum hCG level. The red lines represent the 
smooth curve fits between variables. Analyses were adjusted for maternal age, paternal age, infertility type, total Gn dose, and number of metaphase-2 oocytes.  
AFC = antral follicle count, E2/P = estradiol/progesterone ratio, hCG = human chorionic gonadotropin.
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Table 4

Threshold effect analysis of serum hCG level on EPL using 
piecewise linear regression.

Models 

Risk of EPL

Adjusted OR(95% CI) P 

Model I   
  One line slope 0.9981 (0.9976, 0.9986) <.001
Model II   
  Inflection point (K) 599.9  
  Slope 1: hCG < 599.9 IU/L 0.9945 (0.9933, 0.9958) <.001
  Slope 2: hCG ≥ 599.9 IU/L 0.9998 (0.9993, 1.0003) .429
  Slope 2-Slope 1 1.0053 (1.0037, 1.0069) <.001
A log likelihood ratio test  <.001

Adjusted for maternal age, paternal age, type of infertility, total Gn dose, number of metaphase-2 
oocytes.
CI = confidence interval, early pregnancy loss, EPL, hCG = human chorionic gonadotropin,  
OR = odds ratio.


