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Abstract
We examined the predictive ability of the new thrombophilia-based genetic risk score that has been developed
(TiC-RPL) to acutely determine the risk of recurrent pregnancy loss (RPL) closely related to thrombophilia and
to compare it with the ability of the classical genetic thrombophilia variants F5 rs6025 and F2 rs1799963. This is
a case-control observational study, with retrospective data analysis. We included 180 healthy women with at least
one uncomplicated pregnancy to term and no previous miscarriage and 184 cases of idiopathic recurrent pregnancy
loss (RPL). The predictive ability was assessed in terms of discrimination (AUC), sensitivity, specificity, positive
and negative predictive values (PPV, NPV), and positive and negative likelihood ratios (PLR and NLR). TiCRPL has a better AUC (95 CI) than F5 rs6025+F2 rs1799963 [0.763 (0.715-0.811) vs 0.540 (0.514-0.567);
p<0.0001], with a sensitivity of 70.65%, a specificity of 67.78%, a PPV of 69.15%, an NPV of 69.32%, a PLR of
2.19, and an NLR of 0.43. Our results show that the new score TiC-RPL is significantly better than F5 rs6025+F2
rs1799963 in identifying RPL women in whom RPL appears to be associated with thrombophilia. This
identification can guide a personalized approach in the prevention of RPL.
Keywords: recurrent pregnancy loss; thrombophilia screening; genetic risk score; highly sensitive predictive tool.
1. Introduction
Thrombophilia is defined as a hypercoagulable state that leads to thrombotic tendency [1]. Thrombophilia can be
inherited, acquired, or mixed (congenital and acquired), and the risk of venous thromboembolism (VTE) differs,
based on the resulting modification of the coagulation [2]. Women with thrombophilia are at increased risk of
venous thrombosis during pregnancy, placenta-mediated pregnancy complications, and recurrent pregnancy loss
(RPL) [3,4]. Although 15 percent of clinically recognized pregnancies miscarry, the rate of total pregnancy losses
is close to 50 percent [5]. Recurrent pregnancy loss (understood as two or more clinical pregnancy losses, per the
Practice Committee of American Society for Reproductive Medicine, 2013) affects 0.4 to 2 percent of couples
[6].
The most commonly tested types of inherited thrombophilia include deficiencies in antithrombin, protein C, or
protein S and the gain-of-function genetic variants F5 rs6025 and F2 rs1799963. Several cohort and case control
studies have noted a positive association between thrombophilia and pregnancy loss [3,7]. The risk for RPL is
higher in women with inherited thrombophilia [3]; however, the value of routine inherited thrombophilia
screening is under debate [8]. Most likely the doubt about the clinical utility of inherited thrombophilia screening
is due to the fact that only two low frequency genetic variants are tested. Therefore, greater knowledge of the
genetic basis of thrombophilia [9] could be used to identify thrombophilia-related RPL more accurately and to
establish an effective thromboprophylaxis protocol with improve pregnancy outcomes.
Our study developed a new thrombophilia-based genetic risk score (TiC-RPL), based on the current knowledge
on the genetic basis of thrombophilia, and compared its predictive ability with that of the classical genetic
thrombophilia variants F5 rs6025 + F2 rs1799963 in identifying RPL.
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2. Material and Methods
This study was registered at ClinicalTrials.gov under registry number NCT03336463. The study was conducted
in compliance with the Helsinki Declaration and was approved by the corresponding institutional ethics
committees. All patients signed informed consent forms before inclusion.
This multicenter, case-control, observational study, with retrospective data analysis, was performed in 4 centers
throughout Spain.
Accepting an alpha risk of 0.10 and a beta risk of 0.20 in a two-sided test, 182 cases and 180 controls are needed
to recognize as statistically significant an odds ratio greater than or equal to 2. The proportion of exposed subjects
in the control group has been estimated to be 15.1 per cent. The GRANMO program (https://www.imim.cat/
ofertadeserveis/software-public/granmo, Version 7.12) has been used to make the calculations, which are derived
from the Poisson approach for the case of sample size estimation based on odds ratios.
Women with idiopathic RPL (184) attending the Obstetrics and Gynecology or Reproductive medicine Units at
the participant centers were eligible for study participation if they fulfilled the following criteria: age older than
18 years, a history of RPL (two or more clinical pregnancy losses) from spontaneous or assisted pregnancies, use
of their own gametes, normal karyotype in both members of the couple, normal or corrected thyroid function,
BMI <30, normal uterine anatomy (as assessed by 3D ultrasound, hysterosalpingography, or hysteroscopy), with
negative antiphospholipid and anti-beta 2 glycoprotein antibodies, non-diabetic, no chronic pathologies, no
hydrosalpinx, and not taking concomitant anticoagulant or anti-aggregant therapies. The couple’s sperm could be
analyzed in 112 of the 184 PRL cases, and the count was higher than 2x106/ml.
Control subjects (180) attending the Obstetrics and Gynecology Units of the participant centers were eligible for
study participation if they fulfilled the following criteria: age older than 18 years at first pregnancy, at least 1
pregnancy to term, no chronic pathology, no personal or family history of thrombosis, no history of obstetric
complications (miscarriage or fetal death, pre-eclampsia, eclampsia, intrauterine growth restriction, placental
abruption), and not taking concomitant anticoagulant or anti-aggregation therapies during pregnancy.
The genetic analysis entailed the collection of a saliva sample (by oral mucosal smear) or blood sample, DNA
extraction (by digestion and selective precipitation with ethanol), and genotyping of the prothrombotic genetic
variables that were identified as (gene-rs) using the standard F5-rs6025 and F2-rsl799963 panel and Thrombo
inCode (TiC, Ferrer inCode, Barcelona, Spain), being TiC based on the current knowledge on the genetic basis of
thrombophilia [9]. The genetic variants included in TiC have been shown

to be of clinical utility in the

identification of subjects at risk of suffering a venous thromboembolic event and we want to study if all those
genetic variants or a subset of them could be of clinical utility if the identification of RPL. The TiC panel included
12 genetic variables: F2 rs1799963, F5 rs6025, F5 rs118203905, F5 rs118203906, F12 rs1801020, F13 rs5985,
Serpin-C1 rs121909548, Serpin-A rs2232698, AB0 rs8176719, AB0 rs7853989, AB0 rs8176743 , and AB0
rs8176750 (all 4 ABO rs forming the haplotype for identification of A1 AB0 group carriers). The genetic analysis
was performed at Gendiag.exe.
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The clinical variables that we considered were age, family history of VTE, and week at which the pregnancy loss
occurred.
All variables were analyzed for patients with recurrent pregnancy loss and controls.
The association between genetic variables and recurrent pregnancy loss was determined, taking into account the
confounding effect of age. For this purpose, a logistic regression model was fitted, including the individual genetic
variable and age as the independent variables in the model.
For the development of the Thrombo inCode for repeated pregnancy loss (TiC-RPL) risk score, age and genetic
variables included in TiC panel that were individually associated with recurrent miscarriage (p<0.10) were
analyzed by multivariate logistic regression. Hosmer-Lemeshow test was used to assess the correct calibration of
the models. TiC-RPL score was compared against F5 rs6025 + F2 rs1799963, a binary score that was defined as
1 in the presence of the F5 rs6025 or F2 rs17799963 risk allele and 0 otherwise.
The predictive capacity of the risk scores was evaluated using the area under the receiver operating characteristic
curve (AUC; larger values indicate better discrimination). DeLong test was used to compare AUC values between
the 2 scores. Standard measures of sensitivity, specificity, positive and negative predictive values (PPV, NPV),
and positive and negative likelihood ratios (PLR, NLR) were calculated. These measures were compared between
scores using the R package DTComPair (http://CRAN.R-project.org/package=DTComPair), which implements
several methods for each of the measures. Briefly, sensitivity and specificity were compared by McNemar test,
PPV and NPV were compared using a generalized score statistic and likelihood ratios were compared using a
regression model approach [10].
The cutoff for high risk using the F5 rs6025 +F2 rs1799963 score was 0.5 (which is equivalent to define as high
risk individuals with the presence of any risk allele), and for the TiC-RPL score, this threshold was the point on
the ROC curve that corresponded to balanced sensitivity/specificity of approximately 70. The cutoff for relevant
thrombophilia that could be responsible for RPL was established as the presence of any thrombophilia for which
the risk was similar or higher to that for F5-rs6025. Cross validated AUC was also computed to correct for any
over optimism bias, because all samples were used to fit the regression model for the TiC-RPL score. For this
purpose, we used a leave-one-out cross validation (LOOCV) approach. Briefly, 1 sample was eliminated, and a
new regression model was fitted with the remaining samples to estimate their coefficients. The predicted risk for
the omitted sample was then computed, based on the new model. This step was repeated until every sample was
left out once. The newly generated risk values were used to calculate the corrected AUC. All calculations were
performed using R, version 3.1.3 (R Development Core Team, 2015).
3. Results
Among clinical variables, age differed (p<0.001) between the healthy control and RPL groups (median 31 vs 35
years, respectively). In the 184 subjects with RPL, 407 pregnancy losses were registered, 401 (98.52%) of which
occurred before week 20 of pregnancy.Among genetic variables, F12 rs1801020 (p=0.019), F13 rs5985 (p=0.062),
F2 rs1799963 (p=0.037), and AB0 haplotype (p=0.030) were individually associated with RPL (Table I).
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Table I: prevalence of genetic variants in patient with recurrent miscarriage

Control
(n=180)
F12-rs1801020
0***
1
2
Serpin A10-rs2232698
0***
1
Serpin C1-rs121909548
0***
1
F5-6025
0***
1
F5-rs11820390
0***
F5-rs118203905
0***
F13-rs5985
0***
1
2
F2-rs1799963
0***
1
AB0
0***
1
2

121 (67.2)
48 (26.7)
11 (6.1)
176 (97.8)
4 (2.2)
178 (98.9)
2 (1.1)

Recurrent P value*
miscarriage
(n=184)

0.751

0.533

0.244

0.981

0.565

0.633

0.394

0.062

0.006

0.037

0.163

0.03

184 (100)
0 (0)

180 (100)

184 (100)

180 (100)

184 (100)

106 (58.9)
62 (34.4)
12 (6.7)

0.019

178 (96.7)
6 (3.3)

177 (96.2)
7 (3.8)

178 (98.9)
2 (1.1)

0.202
107 (58.2)
63 (34.2)
14 (7.6)

176 (97.8)
4 (2.2)

109 (60.5)
61 (33.9)
10 (5.6)

P value**

99 (53.8)
71 (38.6)
14 (7.6)
170 (92.4)
14 (7.6)
126 (68.5)
49 (26.6)
9 (4.9)

* p value for standard chi-square test
** p value adjusted for the confounding effect of age
*** 0-2, number of minor alleles
Data are expressed as n (%)
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3.1. Development of the TiC-RPL risk model
Table II shows the genetic and clinical variables that were included in the TiC-RPL risk score. F5 rs6025 was
incorporated, based on a meta-analysis[11,12,13]. The weights that were assigned to each variable were defined
from a meta-analysis for F5 rs6025 and F2 rs1799963 [13] and by the multivariate logistic regression for the rest
of the variables.
Table II: association (odd ratio) between age and genetic variants with recurrent miscarriage

For the TiC-RPL score to identify patients who are at risk, a cutoff that yielded a balanced sensitivity of 70.65%
and specificity of 67.78% was selected. By comparison, for the F5 rs6025 + F2 rs1799963 to identify such patients
at risk, the presence of any risk allele in F5-rs6025 and F2-rs1799963 was selected as cutoff that yielded a
sensitivity of 11.4% and specificity of 96.7%.
3.2. Accuracy and validation of the risk model
The TiC-RPL score had an area under the ROC curve of 0.763 (0.715-0.811), a sensitivity of 70.65%, and a
specificity of 67.78%. It had a PPV of 69.15%, an NPV of 69.32%, a PLR of 2.19, an NLR of 0.43 (Table III),
and a cross validated AUC value of 0.742 (0.682-0.784). The F5 rs6025 + F2 rs1799963 score did not distinguish
between patients who did and did not experience an RPL as well (0.763 vs 0.540; p<0.0001, Fig. I).
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Table III: TiC panel performance metrics and comparison with standard F5+F2 panel in patients with recurrent
miscarriage
Variable

TiC

F5+F2

P value

AUC (95% CI)

0.763 (0.715-0.811)

0.540 (0.514-0.567)

<0.0001

(p-value)

(<0.0001)

(0.003)

Sensitivity

70.65%

11.4%

<0.0001

Specificity

67.78%

96.7%

<0.0001

PPV

69.15%

77.8%

0. 2772

NPV

69.32%

51.6%

<0.0001

PLR

2.19

3.42

0.3218

NLR

0.43

0.92

<0.0001

Calibration (p)

0.616

>0.999

Figure I: Area under the ROC curves: F5+F2 and TiC-RPL
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The sensitivity of the TiC-RPL score was significantly higher than that of the F5 rs6025 +F2 rs1799963 (70.65%
vs. 11.4%; p<0.0001), whereas its specificity was lower (67.78% vs. 96.7%; p<0.0001). The NPV of the TiCRPL score exceeded that of the F5 rs6025 + F2 rs1799963 score (69.32% vs. 51.63%; p<0.0001), but its PPV
scores were similar (69.15% vs. 77.8;% p=0.2772). The NLR of the TiC-RPL score was also significantly better
versus the F5 rs6025 + F2 rs1799963, but their PLRs were similar (Table III).
The proportion of RPL patients who were classified as high- or low-risk according to the F5 rs6025 + F2
rs1799963 or TiC-RPL score was also compared. Most patients who suffered an RPL (88.59%) were identified
by the F5 rs6025 +F2 rs1799963 score as low-risk. Notably, among these patients, 68.1% was reclassified as high
risk by the TiC-RPL score. TiC-RPL considered 70.65%t of patients who suffered an RPL to be at high risk of
developing RPL.
AUC, area under the curve (measure of discrimination capability); PPV, positive predictive value; NPV, negative
predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; F5+F2, (F5-rs6025+F2rs1799963)As the algorithm in TiC-RPL is formed by two elements (age and the thrombophilia genetic variants)
some patients could be identified as high risk for RPL by a combination of relative high age together with a
relative low number of thrombophilia genetic variants. In that particular case and depending of other clinical
circunstances, the use of thromboprophylaxis could not be adequate given the relative low number of
thrombophilia genetic variants. To solve this issue and therefore to identify patients with a level of thrombophilia
who could be considered candidates for thromboprophylaxis among subjects who were at high risk of RPL
according to TiC-RPL score, we established a more conservative approach using a second criterion: the presence
of thrombophilia (as a single genetic variant or a combination of them, based on the proposed multivariate model)
to a similar or greater degree than that of a single thrombophilia variant in F5-rs6025 (OR 2.01, the level of
association that is used by most guidelines as the degree of thrombophilia that requires intervention). According
to this approach, TiC-RPL identified 130 (70.65%) of the 184 RPL women as being at high risk for RPL. Applying
the second criterion of the 130 women who were at high risk for RPL, 91 (70%) were considered to be patients in
whom thrombophilia was relevant and for whom thromboprophylaxis could be suggested.

4. Discussion
The TiC-RPL score that has been developed in this study identifies women in whom RPL is associated with
significant thrombophilia. This identification can guide personalized approached to prevent the development of
RPL.
By multivariate analysis, we established a model with 8 genetic variants and age to define the algorithm for the
TiC-RPL, which initially allowed the patients to be classified as being at high or low risk of RPL. Among patients
in the TiC-RPL-based high-risk group, 69.15% eventually suffered an RPL, whereas 30.68% of the low-risk group
did so (Table III). By comparison, 77.78% of high-risk patients according to F5 rs6025 + F2 rs1799963 score
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experienced an RPL. Similarly, 48.36% of patients in the low-risk group, based on F5 rs6025 +F2 rs1799963
score, did so. Nevertheless, we must consider that TiC-RPL detects more women with RPL as being high-risk
(130 vs 21 who were identified by F5+F2); yet, TiC-RPL classifies fewer women with RPL as low-risk (54 vs
163 as classified by F5 rs6025 + F2 rs1799963).
The contribution of thrombophilia to pregnancy loss and other adverse outcomes in pregnancy remains debated
[14]. Thus, the guidelines of the American College of Chest Physicians recommend against screening for inherited
thrombophilia in women with a history of pregnancy complications [15]. These conflicting results on
thrombophilia are most likely attributed to the use of a single-marker marginal analysis approach using F5 rs6025
alone or in combination with F2 rs1799963. This standard approach might suffer from low power and poor
reproducibility. One useful strategy for solving these problems is marker set analysis, in which a set of genetic
markers is assembled, based on previous knowledge. We have obtained good results using this approach in the
current work and in previous research on VTE [9].
As a result, we have developed a new algorithm from clinical and genetic markers. That the variables that we have
included in our algorithm have also been individually associated with RPL by other authors validates our strategy
and algorithm. In our study, age was significantly associated with RPL—women with RPL were older than those
with noncomplicated pregnancies (35 versus 31 years, p<0.001); this association has been observed previously.
George and his colleagues reported that the risk of repeated miscarriage higher for women aged 35 or more years
(adjusted OR 2.9) [16]. In another study of more than 600,000 women, a similar conclusion was reached, wherein
the risk of repeated miscarriage rose significantly from age 35 years [17].
Because our study focused on idiopathic RPL, we excluded patients with certain clinical factors, such as obesity,
that have been linked to RPL and that clinicians should consider in evaluating patients with RPL [18].
The genetic variants in our algorithm have been also individually linked to RPL by other authors. The association
of F2 rs1799963 and F5 rs6025 with RPL has been studied extensively [8,10,11] although the clinical sensitivity
has not been reported [19]; in our case, the clinical sensitivity was low. F13 rs5985(V34L) is associated with an
elevated overall risk for RPL in women, likely due to low normal levels of fibrinogen—at such levels, F13 rs5985
might alter the structure of fibrin and increase its resistance to fibrinolysis [20,21]. The F12 rs1801020 variant is
associated with low plasma levels of F12 and low F12 activity, which have been confirmed to be risk factors for
RPL [22,23]. Most of the studies that have associated ABO groups with RPL have been based on ABO
incompatibility between the mother and fetus. However, ABO groups could contribute to the presentation of
repeated abortions by influencing von Willebrand factor and factor VIII levels [24]. Among women with early
RPL, a high percentage has persistently elevated levels of factor VIII [25,26].
The exact mechanism by which inherited thrombophilia causes RPL is unknown. It has been suggested that
inherited thrombophilia impairs placental function by causing arterial or venous thrombosis at the maternal-fetal
interface. Also, thrombophilia has been proposed to effect syncytiotrophoblast invasion of the maternal blood
vessels, leading to the formation of microthrombosis at the site of implantation and thus resulting in RPL [27].
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There are limitations and strengths of our study. The main limitations are: a) the small number of subjects, b) the
initial exclusion of F5 rs6025 from the algorithm and the weight of the rare genetic variants (F5 rs6025 and F2
rs1799963) could be a vias due also to the small number of subjects studies, c) lack of meaning for PPV and NPV
in a case/control study, and d) lack of replication. However, we performed several steps to overcome those
limitations: a) in the case of small number of subjects, subjects were recruited from 4 hospitals in 3 areas in Spain;
b) to avoid this bias, we included F5 rs6025, based on the literature, and obtained the weights for F5 rs6025 and
F2 rs1799963 from a meta-analysis of 3753 women [13]; c) with regard the lack of meaning of PPV and NPV in
an artificially composed 50/50 group of cases and controls as those predictive values are vulnerable to disease
prevalence [28]. However, the likelihood ratios which are stable in the face of shifting disease prevalence [28] are
in line with the information provided by PPV and NPV. Moreover, the ability of a test has to be analyzed not only
considering the predictive value but also its sensitivity, specificity and discriminative capacity, as we have done
and showed that TiC-RPL is significantly better. Finally, d) it is true that the results should be replicated. However,
we have used subjects from different hospitals and we have performed an internal validation.
The main strength of our study is the development of an algorithm through marker set analysis, in which a set of
genetic markers is assembled. This combination generates better results than F5 rs6025 and F2 rs1799963, 2 lowfrequency genetic variants. Another strength is the selection of the variables and the analysis that was performed
to characterize the goodness of the 2 algorithms: TiC-RPL and F5 rs6025 +F2 rs179996329 [30]. Most studies
limit this analysis to the association between the marker and RPL. F5 rs6025 might have a strong association with
RPL (OR: 2.01)[13] with a good PPV (in our case, 77.78%, combined with F2 rs1799963), but these variants are
uncommon in RPL women, limiting their clinical value (in our case, the sensitivity was 11.41%). The use of only
2 variants with low sensitivity, such as F5 rs6025 and F2 rs1799963, might explain the lack of reproducible results
with these variants in identifying people at risk and selecting patients for thromboprophylaxis (the AUC for F5+F2
was also low, AUC=0.540).
We have developed an algorithm that identifies women who are at risk of developing RPL. This algorithm could
be used after the first pregnancy loss to identify such women. It can also be applied to women with confirmed
RPL to identify those who are at high risk of RPL in whom thromboprophylaxis might be indicated. A more
conservative approach could be to recommend thromboprophylaxis only to women who are at high risk for RPL
according to our algorithm and in whom the presence of thrombophilia ( as a single genetic variant or a
combination of them, according to the proposed multivariate model) is similar or greater than that of a single
thrombophilia variant in F5-rs6025 (OR 2.01)—the threshold that is used by most guidelines as the level of
thrombophilia that requires intervention. Applying this criterion, of 130 high-risk women in the RPL group, 91
(70 per cent) could be considered patients in whom thrombophilia is relevant and thromboprophylaxis can be
suggested. Using this criterion in an ongoing pilot study, of 80 women who were at high risk for RPL, 37 had
thrombophilia (as a single genetic variant or a combination, according to the proposed multivariate model) to a
similar or greater degree than that of a single thrombophilia variant in F5-rs6025. All 37 were treated with
prophylactic doses of LMWH, and 33 of them (89.2 per cent) experienced a pregnancy to term (personal
communication by Dr. Agius). These preliminary results should be confirmed.
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5. Recomendations
The use of clinic-genetic risk scores, such as ours, might be useful in solving the contradictory results regarding
inherited thrombophilia in RPL. Patients who are identified as being at high risk by the TiC-RPL risk score and
with significant thrombophilia are likely to benefit from thromboprophylaxis. A highly sensitive predictive tool,
such as the TiC-RPL score, should be available to prevent the infertility that is associated with thrombophilia,
considering the low risk of the thromboprophylaxis measures.
6. Conclusion
This paper reports a clinical-genetic risk score that is significantly better than F5 rs6025 + F2 rs1799963, as
demonstrated by its greater AUC value, sensitivity, negative likelihood ratios, and sensitivity (70.7) in identifying
RPL women. The recommendation of thromboprophylaxis might be appropriate for those with significant
thrombophilia—similar to or stronger than F5. A replication of the results obtained in this work with a higher
number of subjects is needed.
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