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Knowing the predictors of pregnancy outcomes in patients with recurrent spontaneous abortion 
(RSA) is extremely critical. Accordingly, we aimed to determine the effects of the difference between 
mean gestational sac diameter and crown-rump length (mGSD-CRL) on the pregnancy outcomes in 
patients with RSA at 6–10 gestational weeks, as well as to explore its significance in predicting the 
pregnancy outcomes of patients with RSA. This retrospective cohort study included 256 pregnant 
women at 6–10 weeks of gestation and with RSA who had visited our hospital from January 2020 to 
March 2023. The patients were allocated to three groups based on the mGSD-CRL difference: Group 
A: mGSD-CRL ≤ 10 mm, Group B: 10 mm < mGSD-CRL ≤ 15 mm, and Group C: mGSD-CRL > 15 mm. The 
pregnancy failure rate in Group A was 22%, which was higher than those that in Group B (5.5%) and 
Group C (9.4%), with statistically significant differences (P < 0.05). Binary logistic regression analysis 
revealed that the mGSD (odd ratio [OR] = 1.14, 95% confidence interval [CI] = 1.06–1.23, P = 0.001), the 
CRL (OR = 1.16, 95% CI = 1.05–1.28, P = 0.004), and mGSD-CRL (OR = 1.12, 95% CI = 1.01–1.24, P = 0.026) 
were independent risk factors affecting the pregnancy outcome of patients with RSA. However, 
the uterine artery peak systolic value to end-diastolic value (UtA-S/D), D-dimer (DD), adenosine 
diphosphate (ADP), and arachidonic acid (AA) were not related (P > 0.05). The area under the receiver 
operator characteristic (ROC) curve of mGSD-CRL at 6–10 weeks of pregnancy was 0.566, with a cutoff 
value of 9.50 mm. The sensitivity and specificity were 90% and 36%, respectively. Compared with 
their prediction value, the combined prediction of mGSD-CRL, mGSD, and CRL exhibited a higher 
value (AUC = 0.718) in predicting pregnancy outcomes. A weak negative correlation was detected 
between ADP and mGSD-CRL difference (r = − 0.165, P = 0.025). In patients with RSA, mGSD-CRL acts 
as an independent risk factor affecting pregnancy outcomes, thereby effectively predicting the early 
pregnancy outcomes of patients with RSA. Thus, a low mGSD-CRL difference signifies the heightened 
probability of miscarriage, thereby urgently requiring clinicians to pay timely attention.

 Trial registration: The study is registered at ClinincalTrails.gov (Trial registration number: 
NCT06081556, October 13, 2023).
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What does this study add to the clinical work?
This study examines whether that mGSD-CRL acts as an independent risk factor affecting pregnancy outcomes 
in patients with RSA, considering that it can effectively predict the early pregnancy outcomes of patients with 
RSA.
Recurrent spontaneous abortion (RSA) is the occurrence of two or more consecutive miscarriages with the 
same partner before 28 weeks of gestation, including biochemical pregnancies1. The incidence of RSA in women 
of childbearing age is 1–5%2. The etiology of RSA is diverse and involves various genetic factors, abnormal 
reproductive tract anatomy, endocrine disorders, thrombophilia, immune dysfunction, infection factors, 
and systemic diseases in pregnant women3. RSA is difficult to treat, and the recurrence rate of miscarriage 
in patients with RSA is as high as 40%4, which can lead to considerable physical and psychological distress in 
the patients. Therefore, predicting the outcome of subsequent pregnancies in patients with RSA is important. 
Previous studies have suggested that human chorionic gonadotropin, estradiol, and early pregnancy ultrasound 
indicators, including fetal heart rate, crown-rump length (CRL), and mean gestational sac diameter (mGSD), 
have value implications in predicting the occurrence of miscarriage5,6. However, a recent study reported that 
in women undergoing in vitro fertilization, a smaller mGSD-CRL difference is associated with a higher rate of 
spontaneous abortion7. Therefore, the mGSD-CRL difference can also serve as another predictive indicator for 
the pregnancy outcome in patients with RSA. Additionally, in recent years, thrombophilia-induced RSA has 
garnered increasing research attention as it is an important cause of early and late miscarriages8. Therefore, 
in this retrospective cohort study, we determined the effects of the mGSD-CRL difference and thrombophilia 
on pregnancy outcomes in patients with RSA at 6–10 weeks of gestation. We aimed to explore its value for 
predicting the pregnancy outcomes of patients with RSA.

Materials and methods
Study design and patient selection
In total, 256 pregnant women with RSA who visited the First Affiliated Hospital of Xiamen University from 
January 2020 to March 2023 were included in the study. The inclusion criteria were as follows: (1) patients 
diagnosed with RSA based on medical history, (2) those who intend to continue the pregnancy, (3) singleton 
pregnancy, (4) gestational age is between 6 and 10 weeks, and (5) the conception for the current pregnancy was 
natural. The exclusion criteria were as follows: (1) individuals with multiple pregnancies or ectopic pregnancies, 
(2) conception through assisted reproductive techniques, and (3) chromosomal abnormalities in pregnant 
women or their partners. In addition, patients with RSA included in the study often exhibit comorbidities such 
as thrombophilia, antiphospholipid syndrome, and connective tissue diseases, considering that they usually 
undergo several treatments before pregnancy, including anticoagulation (e.g., low-molecular-weight heparin), 
antiplatelet (e.g., low-dose aspirin), and immunosuppressive therapies.

Grouping
The patients were divided into three groups based on the mGSD-CRL difference: Group A: mGSD-CRL ≤ 10 mm, 
Group B: 10 mm < mGSD-CRL ≤ 15 mm, and Group C: mGSD-CRL > 15 mm. The mGSD was calculated as the 
average of the anteroposterior, transverse, and longitudinal diameters of the gestational sac.

Outcome measures
(1) General information: Clinical data, including age, number of previous adverse pregnancies, gestational 
age, mGSD, CRL, mGSD-CRL, D-dimer (DD), adenosine diphosphate (ADP), arachidonic acid (AA), and the 
ratio of uterine artery peak systolic value to end-diastolic value (UtA-S/D), were collected. (2) The pregnancy 
outcome at 14 weeks was considered successful if a visible embryo and cardiac activity were confirmed via 
ultrasound, whereas it was considered a failure if abortion or no cardiac activity was confirmed in the gestational 
sac by ultrasound.

Statistical analysis
SPSS 26.0 software was used for statistical analysis. Continuous data are presented as the mean ± standard 
deviation (x̄ ± SD). One-way analysis of variance was used to perform multiple group comparisons, whereas 
independent sample t-tests were used for comparisons between groups. Categorical data are presented as 
numbers (%), and chi-square tests were used for group comparisons. Binary logistic regression analysis was 
used for independent risk factor analysis. Bivariate Spearman’s correlation coefficient was used for correlation 
analysis. Receiver operating characteristic (ROC) curves were used to determine the diagnostic potential of 
mGSD, CRL, and the mGSD-CRL difference, and their combinations in predicting the pregnancy outcome. 
The seven main fixed-effect predictor sets were as follows: (1) mGSD alone; (2) CRL alone; (3) mGSD-CRL 
difference alone; (4) log (mGSD, CRL, and mGSD-CRL differences); (5) log(mGSD, CRL); (6) log(mGSD, 
mGSD-CRL difference); (7) log(CRL, mGSD-CRL difference). In addition, we calculated the Youden index 
(Youden index = sensitivity + specificity-1) to determine the optimal cut-off value, where the point at which 
this value is maximized was determined as the optimal cut-off value. An AUC value of >0.5 indicated that the 
diagnostic technique was meaningful. In addition, when comparing the performance of two or more diagnostic 
tests, the ROC curve with the largest AUC was considered to have a better diagnostic performance. P < 0.05 was 
considered to indicate statistically significant.

All methods were performed in accordance with the relevant guidelines and regulations.
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Results
Comparison of general information
Groups A, B, and C included 41, 109, and 106 individuals, respectively. The average ages of the three groups 
were 32.44 ± 4.94, 31.77 ± 3.62, and 31.65 ± 4.17 years, respectively. The average gravidity (number of previous 
adverse pregnancies) of the three groups was 2.44 ± 0.90, 2.5 ± 0.74, and 2.49 ± 0.85, respectively. The average 
gestational weeks of the three groups were 7.85 ± 1, 7.46 ± 0.90, and 7.46 ± 0.91, respectively. No statistically 
significant differences were detected in terms of age and gravidity among the three groups (P > 0.05). Moreover, 
no statistically significant differences were detected in UtA-S/D, ADP, AA, and DD among the three groups 
(P > 0.05). However, statistically significant differences were detected in the gestational age, mGSD, and CRL 
among the three groups (P < 0.05) (Table 1).

Comparison of pregnancy outcomes among the three groups
Pregnancy failure rate: The pregnancy failure rate of the three groups was 22%, 5.5%, and 9.4%, respectively; 
Group A exhibited the highest failure rate compared to Group B and Group C, and the difference was statistically 
significant (P < 0.05). No statistically significant difference was found in the pregnancy failure rate between 
Group B and Group C (P>0.05) (Table 2).

Prediction of risk factors for pregnancy outcomes
Through binary logistic regression analysis, we determined that UtA-S/D, ADP, AA, and DD were not associated 
with the pregnancy outcomes in patients with RSA (P > 0.05). However, mGSD (odd ratio [OR] = 1.14, 95% 
confidence interval [CI] = 1.06–1.23, P = 0.001), CRL (OR = 1.16, 95% CI = 1.05–1.28, P = 0.004), and mGSD-
CRL (OR = 1.12, 95% CI = 1.01–1.24, P = 0.026) were identified as independent risk factors affecting pregnancy 
outcomes. The larger the mGSD, the longer the CRL, the greater the mGSD-CRL, and the higher the success rate 
of pregnancy in patients with RSA (Table 3).

Predictive value of mGSD, CRL, and mGSD-CRL for pregnancy outcomes in patients with 
RSA
The AUC for mGSD was 0.713, and the 95% CI was 0.61 and 0.82, with a cutoff value of 22.84 mm. The sensitivity 
was 64.9%, and the specificity was 72%. The AUC for CRL was 0.684, and the 95% CI was 0.59 and 0.78, with a 
cutoff value of 8.55 mm. The sensitivity was 58.4%, and the specificity was 76%. The AUC for mGSD-CRL was 
0.566, 95% CI was 0.42 and 0.71, with a cutoff value of 9.50 mm. The sensitivity was 90%, and the specificity 
was 36%. Combined AUCs were generated through the logistic regression model method. The AUCs for the 
combinations were all 0.718, and the 95% CI were all 0.62 and 0.82. The sensitivity was 64.1%, and the specificity 
was 72% (Table 4; Fig. 1).

The difference means mGSD-CRL.

Correlation analysis of AA, ADP, DD, and UtA-S/D with the mGSD-CRL difference
The results of the bivariate Spearman’s correlation coefficient test indicated a weak negative correlation between 
ADP and the mGSD-CRL difference (r = − 0.165, p = 0.025). However, AA, DD, and UtA-S/D were not associated 
with the mGSD-CRL difference (P > 0.05) (Table 5).

Group Number

Failure Success

χ2 PN % N %

Group A 41 9 22 32 78 7.220* 0.007*

Group B 109 6 5.5 103 94.5 1.205# 0.272#

Group C 106 10 9.4 96 90.6 4.116& 0.042&

Table 2.  Comparison of the pregnancy outcomes among the three study groups. *Comparison between groups 
A and B; &Comparison between groups A and C; #Comparison between groups B and C.

 

Group N
Age
(years) Gravidity

mGSD
(mm)

CRL
(mm)

mGSD-CRL
(mm)

Gestational week
(weeks) UtA-S/D

ADP
(%)

AA
(%)

DD
(mg/L)

Group A 41 32.44 ± 4.94 2.44 ± 0.90 20.22 ± 7.76 13.79 ± 7.58 7.43 ± 2.51 7.85 ± 1.00 6.14 ± 2.27 57.26 ± 9.37 50.49 ± 15.00 0.25 ± 0.13

Group B 109 31.77 ± 3.62 2.50 ± 0.74 23.76 ± 6.56 10.94 ± 6.40 12.81 ± 1.43 7.46 ± 0.90 6.36 ± 2.20 55.51 ± 11.13 47.45 ± 12.00 0.23 ± 0.24

Group C 106 31.65 ± 4.17 2.49 ± 0.85 29.25 ± 8.13 10.70 ± 7.28 18. 55 ± 2.90 7.46 ± 0.91 6.49 ± 2.24 53.11 ± 9.92 45.63 ± 12.13 0.28 ± 0.31

P 0.566 0.925 0.000 0.045 0.000 0.047 0.730 0.129 0.194 0.504

Table 1.  Comparison of the three groups of general data (x ± s). mGSD, mean gestational sac diameter; CRL, 
crown-rump length; mGSD-CRL, difference between mean gestational sac diameter and crown-rump length 
difference; UtA-S/D, the ratio of uterine artery peak systolic value to the end-diastolic value; ADP, adenosine 
diphosphate; AA, arachidonic acid; DD, D-dimer.

 

Scientific Reports |        (2025) 15:33010 3| https://doi.org/10.1038/s41598-025-18390-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 1.  The ROC curves of mGSD, CRL, mGSD-CRL, and pin-two or three combinations for predicting the 
pregnancy outcomes in RSA patients.

 

Variables AUC
Sensitivity
(%)

Specificity
(%) 95%CI P Critical value (mm)

mGSD 0.713 64.9 72 0.61–0.82 0.000 22.84

CRL 0.684 58.4 76 0.59–0.78 0.002 8.55

mGSD-CRL 0.566 90 36 0.42–0.71 0.276 9.50

Combined detection of mGSD,CRL, and the difference 0.718 64.1 72 0.62–0.82 0.000 0.90

Combined detection of mGSD and CRL 0.718 64.1 72 0.62–0.82 0.000 0.90

Combined detection of mGSD and difference 0.718 64.1 72 0.62–0.82 0.000 0.90

Combined detection of CRL and difference 0.718 64.1 72 0.62–0.82 0.000 0.90

Table 4.  Predictive value of mGSD, CRL, and mGSD-CRL for the pregnancy outcomes in patients with RSA.

 

Factors OR (95%CI) P

mGSD (mm) 1.14(1.06–1.23) 0.001

CRL (mm) 1.16(1.05–1.28) 0.004

mGSD-CRL (mm) 1.12(1.01–1.24) 0.026

UtA-S/D 1.03(0.83–1.27) 0.804

ADP (%) 1.05(0.99–1.11) 0.089

AA (%) 1.01(0.96–1.07) 0.756

DD (mg/L) 4.28(0.16-112.37) 0.384

Table 3.  Binary logistic regression analysis to predict the risk factors for pregnancy outcomes. mGSD, mean 
gestational sac diameter; CRL, crown-rump length; mGSD-CRL, difference between mean gestational sac 
diameter and crown-rump length; UtA-S/D, the ratio of uterine artery peak systolic value to end-diastolic 
value; ADP, adenosine diphosphate, AA, arachidonic acid; DD, D-dimer; OR, odd ratio; CI, confidence 
interval.
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Discussion
Currently, treating patients with RSA is challenging, and another pregnancy failure can seriously affect the 
physical and psychological health of the patients9. Therefore, predicting pregnancy outcomes in early pregnancy 
on the basis of certain indicators can help physicians intervene early and treat actively to improve pregnancy 
outcomes in patients with RSA.

In 1991, Bryann Bromley et al. studied 16 pregnant women and showed that when the mGSD-CRL difference 
was ≤ 5 mm at 5.5–9 weeks of gestation, the probability of early pregnancy loss was as high as 94%10. In 2009, 
Altay et al. showed that the mGSD-CRL difference at the 10th week could predict the risk of spontaneous 
abortion; the cutoff value of the mGSD-CRL difference was set at 10 mm, with a sensitivity of 67% and specificity 
of 89%11. Thus, these studies indicate that determining the mGSD-CRL difference in early pregnancy can help 
predict pregnancy outcomes.

In the present study, patients with RSA were assigned to three groups on the basis of the mGSD-CRL 
difference at 6–10 weeks of gestation, and the effects of different mGSD-CRL values and thrombosis-related 
indicators on pregnancy outcomes were studied. The results showed that when mGSD-CRL was ≤ 10 mm, the 
pregnancy failure rate was 22%, which was higher than that for the other two groups (5.5% for the mGSD-CRL 
difference at 10–15 mm and 9.4% for the mGSD-CRL difference > 15 mm), and the difference was statistically 
significant (P < 0.05). When the mGSD-CRL difference was 10–15 mm or ≥ 15 mm, no significant difference was 
observed in the pregnancy failure rate (P > 0.05). The present results are consistent with those reported by Altay11 
and Kapfhamer JD7. Moreover, the binary logistic regression analysis showed that mGSD, CRL, and mGSD-CRL 
were independent risk factors affecting the pregnancy outcomes, and the larger the mGSD, the longer the CRL, 
and the greater the mGSD-CRL difference, the higher the success rate of pregnancy for patients with RSA.

Thrombophilia is a pathological condition that predisposes individuals to blood clot formation and is 
caused by various genetic or acquired factors. Furthermore, it can interfere with the exchange of substances 
between the mother and the fetus, leading to poor placental perfusion, uterine ischemia, hypoxia, and even 
miscarriage12. A study has shown that approximately two-thirds of unexplained recurrent miscarriages are 
caused by thrombophilia13. In a previous study, multiple indicators such as activated partial thromboplastin 
time, prothrombin time, DD, ADP, AA, and PDP have been used to predict thrombophilia14. Additionally, a 
recent study indicated an association between RSA and increased uterine artery resistance15. Increased uterine 
artery resistance can affect endometrial receptivity, leading to failed embryo implantation. Furthermore, it can 
affect the placental blood flow, causing local oxidative stress, microthrombi formation, gradual cell apoptosis, 
and ultimately resulting in pregnancy failure16. However, in contrast to the previous studies, the present study 
showed that UtA-S/D, ADP, AA, and DD were not associated with pregnancy outcomes in patients with RSA. 
The discrepancy may be attributed to the fact that the patients in the present study received anticoagulant and/or 
antiplatelet therapy before pregnancy. Thus, further research is warranted to validate the present results.

The present ROC curve analysis showed that the AUC for the mGSD-CRL at 6–10 weeks of pregnancy was 
0.566, 95% CI was 0.42–0.71, and the cutoff value was 9.50 mm, with a sensitivity of 90% and specificity of 36%. 
Altay et al.11 set the cutoff value at 10 mm, with a sensitivity of 67% and specificity of 89%. Nazari A CJ et al.17 
set the cutoff value at 10.1 mm, with a sensitivity of 56.4% and specificity of 82.1%. The cutoff values of these 
three studies were similar. Moreover, we calculated the AUC for the mGSD, CRL, and mGSD-CRL combination. 
The results revealed that, when compared with mGSD and CRL, mGSD-CRL was not significantly advantageous 
in predicting pregnancy outcomes (the AUC for mGSD was 0.713, and the AUC for CRL was 0.684), whereas 
mGSD was more advantageous in predicting the pregnancy outcomes compared to CRL (the AUC for mGSD 
was 0.713, and the AUC for CRL was 0.684). However, the AUC for the combination of these three indicators 
was 0.718, suggesting that combined testing was more beneficial in predicting pregnancy outcomes. This result 
is consistent with those reported by Kapfhamer et al.7. Moreover, when compared to the other two, mGSD-CRL 
showed a higher sensitivity but a lower specificity. Clinically, the core value of mGSD-CRL lies in the strong 
exclusion ability of its negative outcome, which can be applied as a preliminary screening tool to identify high-
risk groups that require further diagnosis, especially for patients with recurrent miscarriage. However, we should 
also be cautious of its high false-positive rate. It is therefore necessary to confirm whether further treatment is 
required by combining clinical and other more specific tests, such as the increase in the HCG level at the early 
stage of pregnancy and the CRL and mGDS values of the corresponding gestational week. However, whether 
these results are related to the small sample size remains to be verified.

The cause of small gestational sacs remains unclear. The correlation analysis revealed a weak negative 
correlation between mGSD-CRL and ADP (r = − 0.165, P = 0.025), whereas AA, DD, and UtA-S/D were not 
related to mGSD-CRL, suggesting that increased ADP levels might result in small gestational sacs. In the early 
stage, the embryo relies on an adequate supply of maternal blood to obtain nutrients and oxygen. Insufficient 
blood flow directly inhibits the expansion of the gestational sac and embryo differentiation. ADP is an indicator 
of thrombophilia, and thrombophilia can lead to poor placental perfusion, because of which possibly exhibits 

Variables r P

AA −0.078 0.293

ADP −0.165 0.025

DD −0.062 0.342

UtA-S/D 0.075 0.270

Table 5.  Correlation analysis of AA, ADP, DD, and UtA-S/D with the mGSD-CRL difference.
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correlation with the small mGSD-CRL difference. A retrospective study in 2017 on pregnancies after in vitro 
fertilization and embryo transfer indicated that abnormal ultrasound indicators in early pregnancy, such as early 
symmetrical growth restriction, empty sacs, small embryos, yolk sacs without embryos, and small gestational 
sacs, were related to chromosomal abnormalities18. The present study included 41 pregnant women with GSD-
CRL ≤ 10 mm, and among them, nine women experienced embryonic demise before the 14th week of pregnancy. 
Among these nine women, seven women (77.78%) experienced embryonic demise because of chromosomal 
abnormalities. Therefore, a chromosomal abnormality is speculated as one of the causes of small gestational 
sacs. However, owing to the small sample size in the present study, no definitive conclusion could be drawn, 
warranting further research to verify this finding.

To the best of our knowledge, we are the first to examine the difference in mGSD-CRL in patients with RSA, 
investigate the relationship between mGSD-CRL and early pregnancy outcomes in these patients, and suggest 
the cutoff value of mGSD-CRL. Thus, the present study is a crucial reference for future studies. Moreover, the 
present study revealed that UtA-S/D, ADP, AA, and DD were not associated with the pregnancy outcomes in 
patients with RSA. Nevertheless, the study has several limitations. First, the study has a small sample size of 
only 256 women, of which only 41 showed an mGSD-CRL difference ≤ 10 mm. Second, because patients with 
RSA often exhibit comorbidities such as thrombophilia, antiphospholipid syndrome, and connective tissue 
diseases, they usually undergo several treatments before pregnancy, including anticoagulation, antiplatelet, and 
immunosuppressive therapies. The effect of these therapies on the study results, if any, remains unknown. Thus, 
future studies should explore this aspect thoroughly.

Conclusion
In conclusion, the present study suggests that mGSD-CRL is an independent risk factor affecting pregnancy 
outcomes in patients with RSA and can effectively predict early pregnancy outcomes. However, UtA-S/D, ADP, 
AA, and DD are not associated with pregnancy outcomes in these patients. The cutoff value for predicting 
pregnancy outcomes in patients with RSA showing an mGSD-CRL difference at 6–10 weeks of gestation is 
9.5 mm, with a sensitivity of 90% and specificity of 36%. Thus, the lower the mGSD-CRL value, the higher the 
probability of miscarriage, necessitating that clinicians pay timely attention.

Data availability
The data and materials relevant to this study can be made available upon a reasonable request to the correspond-
ing author.
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