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Summary

Spontaneous abortion is a common, detrimental outcome of pregnancy,

and can be induced by a variety of factors, including pathophysiological

conditions and socioeconomic circumstances. Despite numerous studies

examining the aetiology of spontaneous abortion, there is limited under-

standing of the disordered iron transportation between mother and fetus

through the placenta. Recently, erythroferrone (ERFE) was recognized as a

novel negative regulator of hepcidin that can elevate nutritional iron

absorption and macrophagic iron egress for enhanced erythropoiesis. How-

ever, its diagnostic significance in different disease conditions associated

with iron remains poorly understood. In the current study, we discovered

disordered maternal iron homeostasis in women who had spontaneous

abortions during early pregnancy, as characterized by increased serum iron

and hepcidin levels, and conversely, reduced serum ERFE levels, compared

to healthy control individuals and women with normal pregnancy. Com-

prehensive statistical analyses revealed the correlation between different

variables and pregnancy status, signifying the pronounced diagnostic value

of an increased ratio of serum hepcidin and ERFE (HE ratio) in recogniz-

ing adverse pregnancy status. In contrast to previous non-selective discrete

surrogates, such as iron, hepcidin and ferritin, the HE ratio may otherwise

stand for a novel and more representative hallmark for early spontaneous

abortion.

Keywords: erythroferrone, hepcidin, iron, spontaneous abortion, early

pregnancy.
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Introduction

Spontaneous abortion is a frequent manifestation of clinical

symptoms of an abnormal pregnancy. According to the defini-

tion by the World Health Organization (WHO), spontaneous

abortion is a termination of pregnancy due to fetus exclusion

prior to 22 weeks’ gestation or <500 g of fetal weight.1,2

Reportedly, there is a 11–22% cumulative risk of miscarriages

for weeks 5–20 of gestation, and the risk of miscarriage is

higher during early gestation (<14 weeks) than during the

later period.3,4 Numerous investigations have indicated that

various risk factors may induce spontaneous abortion in the

first trimester, such as chromosomal abnormalities, antiphos-

pholipid syndrome, congenital structural abnormalities of the

uterus, type I diabetes, and thyroid dysfunction.1,5–7 The pla-

centa, as the infrastructure that builds the interface between

the maternal and fetal system, provides nourishment to the

fetus as well as eliminating its waste. Dysfunction of the pla-

centa compromises the transportation of vitamins, minerals

and trace elements, leading to pregnancy failure or later gesta-

tion problems.8,9 Even though many studies have shown that

mineral supplements would beneficially protect the fetus/plan-

centa,10–12 there are still many knowledge gaps on this matter.

For example, the cross-talk in iron homeostasis between the

mother and the fetus is not explicitly understood, and repre-

sentative surrogates that could identify disordered iron meta-

bolism, which may give rise to a detrimental effect on both

placenta and fetus, need to be investigated.

Iron, as an essential trace element, is a vital component of

haemoglobin, myoglobin and other enzymes and participates

in several physiological processes, for instance, oxygen trans-

portation, redox reaction and gene expression regulation.13,14

During pregnancy, the demand for iron is greatly increased

owing to the substantial expansion of maternal red blood

cells (RBC) for placental and fetal development.15 With assis-

tance from the placenta, iron is transported to the fetus from

the maternal circulation, dependent on the transferrin recep-

tor 1 (TFR1) and ferroportin (FPN) system.16 As previously

reported, pregnant women with iron deficiency manifest sev-

ere pathological phenotypes in fetal growth, such as increased

risk of Cesarean section, placental abruption, perinatal bleed-

ing, pre-eclampsia and even fetal death.17–19 Spontaneous

abortion has consistently been observed in a transgenic

mouse model with severe iron deficiency induced by overex-

pression of hepatic hepcidin.20 Furthermore, despite the mas-

sive increase of iron supply during pregnancy, excessive iron

is also harmful to both the mother and the fetus via induc-

tion of reactive oxygen species (ROS) and inflammation.15,21

Therefore, systemic iron homeostasis should be fine-tuned in

order for the coordinated iron supply and utilization during

embryonic and fetal development.

The hepcidin-FPN axis is a key regulatory pathway of sys-

temic iron homeostasis. As the controller of systemic iron

metabolism, hepcidin is primarily synthesized by hepatocytes.

Hepcidin binds to its receptor, FPN, the sole known cellular

iron exporter, and induces FPN internalization and degrada-

tion, leading to iron preservation within macrophages and

reduced iron uptake in the intestine.22 Thus far, several

upstream pathways have been revealed that govern hepcidin

expression, including the iron/bone morphogenetic protein

(BMP) induction via SMAD1/5/8 signalling, inflammatory

stimulation via interleukin (IL)-6 signal transducer and activa-

tor of transcription 3 (STAT3) signalling and erythropoiesis-

induced repression via erythroferrone (ERFE).23 ERFE,

encoded by Fam132b, is a glycoprotein hormone generated by

erythroblasts due to the stimulation of erythropoietin (EPO)

in the bone marrow and spleen.24–26 Recently, it was discov-

ered that ERFE competes with BMP6 for binding to BMP

receptors on the surface of hepatocytes, resulting in compro-

mised BMP-SMAD1/5/8 signalling in driving hepcidin expres-

sion.27 As a consequence, iron absorption and iron recycling

are enhanced to promote the availability of iron supply for

the erythropoiesis.27,28 Although little is known about the role

of ERFE during pregnancy as a vital regulator in iron metabo-

lism, variations of maternal ERFE concentrations might be

involved in abnormal pregnancy outcomes, with potential sig-

nificance as an indicative surrogate.

In this study, we examined the changes of maternal serum

iron, hepcidin, and EPO and ERFE levels in non-pregnant

women, women with normal pregnancy and women who had

spontaneous abortions in the first trimester. Additionally, we

performed in-depth analyses of correlation and receiver oper-

ating characteristic (ROC) curves among different variables.

Our data disclosed disordered maternal iron homeostasis dur-

ing spontaneous abortion in early pregnancy, delineating a

close correlation between ERFE levels and pregnancy status.

Inspired by previous studies,29–31 we hypothesized that the

combination of more than one parameter would greatly

enhance the accuracy and power for disease prediction. Thus,

the HE ratio was found to be a promising biomarker in recog-

nizing disordered maternal iron homeostasis and predicting

the occurrence of spontaneous abortion in early pregnancy.

This study aimed to garner new insights into the mechanisms

underlying iron metabolism under normal and abnormal

pregnancies and provide new clues for the diagnosis of spon-

taneous abortion in early pregnancy.

Materials and methods

Study design and sampling

We recruited three groups of women to the present study:

(i) healthy non-pregnant women (n = 52), (ii) pregnant

women in the first trimester (pregnancy weeks <12, n = 50)

and (iii) women who experienced spontaneous abortion in

the first trimester ( <12 weeks’ gestation, n = 62). All partici-

pants provided informed consent before serum sample col-

lection collected from the women who visited the Beijing

Obstetrics and Gynecology Hospital between June 2019 and

December 2019. All serum samples were residual specimens
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that were supposed to be discarded after the planned assays.

The current work was approved by the ethics committee at

the Beijing Obstetrics and Gynecology Hospital, Capital

Medical University (number of 2017-KY-050-01). The sam-

ples from the women who had spontaneous abortion were

collected after clinical diagnosis with the confirmation of the

cessation of embryo development through ultrasound, as well

as an abnormal decline of b-human chorionic gonadotropin

(b-HCG) in the blood. Exclusion criteria included women

with various diseases and abnormal conditions, including

anaemia, hypertension, diabetes, endocrine abnormalities,

inflammation, uterine malformations, oncological diseases,

chromosomal abnormalities, severe somatic pathology and

other pre-existing diagnoses.

After fasting, 5 ml whole blood samples were drawn. The

complete blood cell indexes were determined on the day of sam-

ple collection. Thereafter, the blood samples were coagulated

and centrifuged at 4°C (1200 g, 10 min). The sera were collected

and stored at �80°C until the time of assays, and serum bio-

chemical parameters were measured within 6 months.

Clinical data collection

The demographic information of all participants was

obtained through questionnaires and medical records,

including age, height, weight, gestation, cigarette smoking

and supplementation of vitamins and folic acid. For all par-

ticipants, the haematological indices were determined on a

Sysmex XN-2000 automated haematology analyzer (Sysmex,

Japan) at the hospital clinical laboratory.

Assays of serum biochemical parameters

Serum iron levels were determined by a colorimetric method

using a serum iron assay kit, following the manufacturer’s

instructions (Nanjing Jiancheng Bio-engineering Institute,

Nanjing, China). The serum levels of hepcidin, EPO and

ERFE were measured using enzyme-linked immunosorbent

assay kits (Cloud-Clone Corp., Wuhan, China), as well as for

IL-6 (NeoBioscience, Beijing, China), according to the proto-

cols from the manufacturers.

Statistical analyses

Statistical analyses were carried out using SPSS Statistics 17.0

software (SPSS Inc., Chicago, IL, USA). The continuous vari-

ables are presented as mean � standard deviation (SD) and

were compared using a one-way ANOVA and Dunnett’s multi-

ple comparison test. The categorical variables are presented

as frequencies (percentages),and were compared using the

chi-squared test. A correlation matrix was used to assess the

correlations among various variables with the corrplot pack-

age of R software (R Foundation for Statistical Computing,

Vienna, Austria). ROC curves were employed to compare the

various diagnostic indicators for women who had a

spontaneous abortion within the first trimester. Pearson’s

coefficient was used to examine the correlations between dif-

ferent variables.

Results and discussion

Demographic characterizations of the subjects

To clarify disorders of maternal iron homeostasis upon spon-

taneous abortion during early pregnancy, we designed a

cross-sectional study and attempted to discover the underly-

ing mechanisms. First, we analyzed the demographic charac-

teristics of the subjects. As shown in Table I, the average

ages of non-pregnant women, normal pregnant women and

women who spontaneous abortions in the first trimester were

30�75, 30�80 and 32�60 years respectively. Moreover, no sig-

nificant difference was found in the height, weight, body

mass index (BMI) and vitamin supplementation among the

three groups (Table I). All individuals in the healthy preg-

nancy and spontaneous abortion groups received folic acid

supplementation daily (Table I). As shown in Table I, the

mean gestational age of spontaneous abortion women was

7�61 weeks, while the mean gestational age of healthy preg-

nant women was 6�60 weeks. In the healthy pregnancy group,

approximately 90�00% of the subjects were pregnant for the

first time, in comparison to 61�29% of participants in the spon-

taneous abortion group (Table I). These data thereby indicated

that women in the spontaneous abortion group might harbour

some innate problems in maintaining a pregnancy.

Haematological indices of subjects

To probe the changes in haematological parameters in sponta-

neous abortion women, complete blood count (CBC) data

were compared among three groups. As presented in

Table S1, no significant differences were observed in the RBC

(4�39 vs. 4�47 and 4�27), haemoglobin (HGB; 129�80 vs.

131�60 and 129�40), mean corpuscular volume (MCV: 87�52
vs. 86�49 and 86�47), mean corpuscular haemoglobin (MCH;

30�42 vs. 29�49 and 30�32), hematocrit (HCT; 37�37 vs. 38�62
and 36�91) and mean corpuscular haemoglobin concentration

(MCHC; 346�70 vs. 342�00 and 349�40) in women with spon-

taneous abortion compared with non-pregnant women and

healthy pregnant women respectively, in the first trimester. Of

note, the MCHC value was slightly higher in the healthy preg-

nant women than in the non-pregnant women (Table S1,

P < 0�05), consistent with previous observations.32 MCHC is

an index for the oxygen-carrying capacity of each RBC.33

Thus, increased MCHC presumably supports the elevated

oxygen requirement during pregnancy.34 Meanwhile, there

was no significant difference in MCHC between women with

spontaneous abortion and non-pregnant women or women

with a healthy pregnancy, and the MCHC levels were in the

normal range in the three groups. Additionally, no significant

inflammation was observed in the spontaneous abortion
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group versus the non-pregnant and healthy pregnant women

(Table S1), as evidenced by the comparable results of white

blood cell count (7�15 vs. 6�69 and 7�66), neutrophil count (
4�76 vs. 4�05 and 5�14), lymphocyte count (1�88 vs. 2�12 and

2�01) and monocyte count (0�37 vs. 0�37 and 0�42). Of note,

the mean values of these haematological parameters were

within the reference ranges. Collectively, these results revealed

that no significant alteration of CBC indices was observed in

women with spontaneous abortion during early pregnancy.

Iron metabolism under normal and abnormal pregnancy

To shed light on iron metabolism in women with normal and

abnormal pregnancy, we endeavoured to assess the changes in

Table I. Demographic parameters of subjects.

Characteristics

Non-pregnant healthy

control, n = 52

Normal pregnancy in the

first trimester, n = 50

Spontaneous abortion in

the first trimester, n = 62

Age, year 30�75 � 4�19 30�80 � 3�81 32�60 � 4�91
Height, m 1�62 � 4�62 1�63 � 4�83 1�61 � 5�20
Weight, kg 53�50 � 7�84 55�66 � 9�09 55�81 � 8�64
BMI†, kg/m2 20�34 � 3�09 21�02 � 3�57 21�62 � 3�48
Gestational period, wk – 6�60 � 1�28 7�61 � 1�58*
Primiparous, n (%) – 45 (90�00) 38 (61�29)
Smoking status, n (%) 0 0 0

Vitamin supplementation, n (%) 2 (3�85) 5 (10�00) 3 (5�00)
Folic acid supplements, n (%) 0 (0) 50 (100) 62 (100)

Data are presented as a number for categorical variables or mean � SD for continuous variables.

*Statistical significant at < 0�05 compared to the normal pregnancy group.
†Body mass index (BMI) was calculated as body weight (kg) divided by height squared (m2).
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Fig 1. Concentrations of iron and iron regulators in normal and abnormal pregnancy. (A) Concentrations of serum iron (B) serum hepcidin (C)

serum erythroferrone (ERFE) and (D) serum erythropoietin (EPO) were measured in healthy control women, normal pregnant women in the first

trimester and women with spontaneous abortion in the first trimester. Data are presented as mean � SD. #Statistical significance is defined as

P < 0�001. [Colour figure can be viewed at wileyonlinelibrary.com]
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serum iron concentrations. As shown in Fig 1A, serum iron

concentrations were significantly increased by 1�51- and 1�40-
fold in women with spontaneous abortion in the first trime-

ster relative to non-pregnant women and the healthy pregnant

women in the first trimester respectively (P < 0�001). Intrigu-
ingly, we also found that serum hepcidin levels were increased

in women with spontaneous abortion by 56�85% and 43�55%
compared to that in non-pregnant and healthy pregnant

women respectively (Fig 1B, P < 0�001), consistent with our

previous report.35 Due to the comparable serum iron and hep-

cidin levels between the non-pregnancy group and healthy

pregnancy group (Fig 1A,B), the relatively elevated serum iron

level in women with spontaneous abortion might be the result

of the loss of placenta function, which then blocked the path-

way of iron transport from the mother. As a consequence, the

serum iron level was elevated in association with upregulated

expression of hepcidin.16,36,37 However, impaired gestation

could be attributed to disordered maternal iron homeosta-

sis.10,38 A very recent study reported that increased maternal

hepcidin adversely affected the embryo and even increased

embryo mortality in mice.39 Thus, the reciprocal causality

between hepcidin induction and fetal loss should be more rig-

orously investigated in the future. Additionally, we looked into

another prominent hepcidin regulator, the pro-inflammatory

cytokine, IL-6. IL-6 is a potent regulator upregulating hepcidin

transcription via the JAK-STAT3 pathway under inflamma-

tion.34,40 However, in this study, we did not observe signifi-

cant induction of serum IL-6 in women with spontaneous

abortion relative to non-pregnant and healthy pregnant

women (Fig S1), excluding the contribution of IL-6 to

increased hepcidin in spontaneous abortion.

Variation of erythroid activity under spontaneous
abortion

The activity of erythropoiesis is a fundamental driving force

in modulating hepcidin expression, especially when iron

demand increases under enhanced erythropoiesis. Under this

setting, ERFE is greatly induced by EPO to suppress hepcidin

through binding to BMPs.27,41 However, whether ERFE is

involved in regulating hepcidin expression during normal

and abnormal pregnancy remains unkown. Intriguingly, the

serum ERFE concentration was consistent in the healthy con-

trol group and normal pregnancy group (Fig 1C), similar to

a previous study.25 Noticeably, the serum ERFE concentra-

tion remarkably declined in women with spontaneous abor-

tion in the first trimester by 12�04% and 9�14%, in contrast

to the non-pregnant women and the women with healthy

pregnancy respectively (Fig 1C, P < 0�001). These results

substantiated the vital role of ERFE in regulating hepcidin

under spontaneous abortion. Surprisingly, we did not find

significant changes in EPO content among the three groups

(Fig 1D), suggesting more complicated regulatory networks

in governing hepcidin expression under spontaneous abor-

tion, such as serum iron levels, responses of ERFE to EPO

and other factors. Hence, detailed mechanistic studies are

warranted to tease out the interplay among these factors in

abnormal pregnancies in future investigations.

In search of indicators for the occurrence of spontaneous
abortion

To date, a few variables have been proposed to characterize

the changes in iron metabolism during normal pregnancy,

such as serum iron, ferritin, soluble TfR (sTfR), hepcidin,

EPO, total iron binding capacity and transferrin satura-

tion.42–45 Nevertheless, these variables are subject to fluctua-

tion in response to versatile endogenous and exotic stimuli,

and also vary under the influence of different diseases. How-

ever, none of them could serve as selective indicators for

abnormal pregnancy, such as spontaneous abortion.46,47 To

this end, we aimed to look for selective indicators that may

recognize adverse pregnancy outcomes. Briefly, the inter-

changeable ratios of EPO, hepcidin and ERFE were calcu-

lated. Since the concentration of maternal serum iron was

susceptible to supplements,48 the serum iron mass was not

included in the ratio calculation. As shown in Fig 2A, the

HE ratio was significantly increased in women with sponta-

neous abortion by 1�68- and 1�58-fold, compared to the

non-pregnant women and healthy pregnancy women respec-

tively (P < 0�001). Moreover, the ratio of EPO and ERFE

(EE ratio) was greatly elevated by 13�74% and 9�41% in

women with spontaneous abortion in comparison to healthy

control women and women with normal pregnancy respec-

tively (Fig 2B, P < 0�001). In contrast, the ratio of EPO and

hepcidin (EH ratio) in women with spontaneous abortion

was remarkably reduced by 32�35% and 28�89% compared to

non-pregnant healthy women and women with normal preg-

nancy, respectively (Fig 2C, P < 0�001). No significant

changes of these three ratios were found in the healthy preg-

nant women compared to the non-pregnant control women

(Fig 2). Together, these three ratios appeared to be promis-

ing markers for indicating spontaneous abortion.

Further correlation matrix analysis was performed for the

association between multiple variables including these three

ratios and pregnancy status. As shown in Fig 3A, the levels of

iron, hepcidin and ERFE plus the three ratio indicators (HE,

EE and EH) were markedly associated with the pregnancy sta-

tus. In parallel to our findings, the increased HE ratio has

been used to predict the relief of anaemia in haemodialysis

patients following ferric citrate hydrate,49 pinpointing its sci-

entific value in disease diagnosis. Therefore, it would be of

great interest to evaluate the significance of these indicators in

differentiating spontaneous abortion in early pregnancy.

Correlation determination of EH, EE and HE ratios with
spontaneous abortion

To corroborate the diagnostic significance of these ratios, we

further examined the ROC curves among hepcidin, ERFE,
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HE ratio, EE ratio and EH ratio for the healthy pregnant

women and women with spontaneous abortion (Fig 3B).

ROC estimates, Youden indices and likelihood ratios are pre-

sented in Table S2. Specifically, serum HE ratio value

≥2�39 ng/ml (Youden index 0�57) indicated spontaneous

abortion with 75�44% sensitivity and 81�25% specificity and

the cut-off value bore a positive likelihood ratio of 4�02
(Table S2). ROC curves for the HE ratio to diagnose abortion

revealed an area under the curve (AUC)ROC of 0�86 (Table S2,

95% CI: 78�79%–92�70%). Detailed results of serum hepcidin,

ERFE, EE ratio and EH ratio are shown in Table S2. The

higher AUC value demonstrated a superior discriminative

power in detecting spontaneous abortion. As shown in

Table S2, compared with other parameters, the HE ratio stood

for a greater indicator due to its maximum AUCROC (0�86 for

HE ratio, 0�79 for hepcidin, 0�85 for ERFE, 0�80 for EH ratio

and 0�80 for EE ratio). Thus, the ROC curves revealed that the

HE ratio represented a more reliable indicator for diagnosis of

spontaneous abortion during early pregnancy.

Thus far, incorporation of multiple parameters into one

single index has been recognized to sufficiently and depend-

ably reflect systemic iron status, especially under disease con-

ditions. For example, the zinc protoporphyrin-to-heme ratio

has been devised to reflect the availability of zinc in incorpo-

rating into protoporphyrin IX in RBCs relative to iron.50

More recently, the placental iron deficiency index, calculated

as the ratio of the placental FPN protein-to-the placental

TFR1, has been developed as a sensitive surrogate in recog-

nizing iron deficiency on the maternal-fetal interface, partic-

ularly in mothers with disordered iron homeostasis.16

Collectively, the combination of more than one parameter

would be more potent for predicting the occurrence and

progression of diseases, consistent with reports by previous

studies.30,49,51,52 Thus, we here developed a ratio of serum

hepcidin and ERFE for the prediction of spontaneous abor-

tion.

To potentiate the above finding, we investigated the

associations among these parameters in each group. As

shown in Fig 3C, serum hepcidin correlated to serum

ERFE in women with spontaneous abortion (Pearson’s cor-

relation R = 0�42, P = 7 9 10�4). By contrast, the correla-

tion between hepcidin and ERFE appeared considerably

weaker in non-pregnant and healthy pregnant women

(Fig 3C; Pearson’s correlation R = 0�33, P = 0�04 in non-

pregnant group, and R = 0�34, P = 0�02 in the healthy

pregnancy group, in the first trimester). Additionally, no

correlation was noted for other comparisons among iron,

EPO, ERFE and hepcidin (Fig S2). These findings con-

firmed the importance of the HE ratio in indicating spon-

taneous abortion.
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Conclusions

Although disordered systemic iron homeostasis is involved in

many pathological conditions and diseases, little is known

about the role of disordered iron homeostasis in abnormal

pregnancies. Many attempts have been made to determine

the surrogates for indicating the occurrence of spontaneous

abortion during early pregnancy in women. Here we found

disordered maternal iron homeostasis in women with abnor-

mal pregnancy, as evidenced by the elevated serum iron and

hepcidin content and, conversely, a declined serum ERFE

level. The hepcidin-FPN axis is important in modulating sys-

temic iron homeostasis; however, the previously known iron

regulators may not be able to specifically reflect disordered

iron metabolism in an abnormal pregnancy. As an extension

in understanding the iron regulatory nexus, ERFE has

recently been revealed as a potent negative suppressor of

hepcidin expression secreted by erythroid cells. In the oppo-

site direction to the increase of serum hepcidin level, our

data revealed reduced levels of ERFE in women with an

abnormal pregnancy with spontaneous abortion in compar-

ison to women with normal pregnancy and healthy control

women. Although there was a strong association between

spontaneous abortion and disordered maternal iron home-

ostasis, it is difficult to elucidate the direct causal relation-

ship. Detailed regulatory mechanisms among these regulators

warrant further investigations in the future. Nonetheless, our

critical statistical analyses defined the HE ratio as a superior

surrogate to accurately recognize disordered maternal iron

homeostasis and predict spontaneous abortion in early preg-

nancy compared to other parameters. We expected that the

HE ratio may stand for a more potent indicator to find the
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mal pregnant women in the first trimester and women with spontaneous abortion in the first trimester. The area dots represent the degree of cor-

relation on the top triangular matrix. Pregnant status is non-pregnancy, normal pregnancy or spontaneous abortion. (B) Receiver operating

characteristic (ROC) curves for hepcidin, erythroferrone (ERFE), hepcidin/erythroferrone (HE) ratio, erythropoietin/hepcidin (EH) ratio and ery-

throferrone/erythropoietin (EE) ratio in the group of spontaneous abortion relative to the group of normal pregnancy. (C) Linear regression anal-

ysis between the serum concentrations of ERFE and hepcidin in the non-pregnant women, normal pregnant women and women with

spontaneous abortion. Regression equations were, non-pregnant control group: Conc. (hepcidin) = 0�98*Conc. (ERFE) + 7�62; the normal preg-

nancy group: Conc. (hepcidin) = 2�05*Conc. (ERFE) – 1�79; the spontaneous abortion group: Conc. (hepcidin) = 6�81*Conc. (ERFE) – 35�73.
Conc, concentration. [Colour figure can be viewed at wileyonlinelibrary.com]
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signs of spontaneous abortion at an earlier period, even

before the tests based on the ultrasound and b-HCG levels.

Collectively, this study would provide instructions for the

prevention of spontaneous abortion and open a new avenue

to look for selective surrogates in extrapolating abnormal

pregnancy.
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