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ABSTRACT

Introduction
Recurrent pregnancy loss (RPL) is defined as the loss of two or more conceptions before the 24th 
week of gestation. Despite extensive diagnostic work-up, in only 25-40% an underlying cause is 
identified. Several factors may increase the risk for miscarriage, but the chance of a normal, 
successful pregnancy is still high. Prognostic counselling therefore plays a significant role in 
supporting couples with RPL. The main limitation in currently available prediction models is the lack 
of a sufficiently large cohort, adjustment for relevant risk factors such that prognoses are 
individualized, and separation between the cumulative live birth rate and the chance that the next 
conception will lead to a live birth. In this project, we therefore aim to make an optimal and 
individualized prognosis for the future chance of pregnancy success which could lead to improved 
wellbeing and the ability managing reproductive choices.

Methods and analysis
We will include both prospectively as retrospectively, a cohort of at least 931 couples with RPL who 
have visited one of the three participating university hospitals in the Netherlands for intake. General 
medical and obstetric history will be collected, as well as reports of pregnancies after the initial 
consultation. Multiple imputation will be performed to cope for missing data. A Cox proportional 
hazards model for time to pregnancy will be developed to estimate the chance of a live birth within 
three years after intake. To dynamically estimate the chance of a live birth, given the outcome of a 
pregnancy after intake, a logistic regression model will be developed for the binary outcome live 
birth.

Ethics and dissemination
The Medical Ethical Research Committee of the Leiden University Medical Center approved this 
study protocol. There are no risks or burden associated with this study. Findings will be published in 
peer-reviewed journals and presentations at international conferences.

Trial registration number
NCT05167812

Key Words
Recurrent pregnancy loss, prediction model, prognostic tool

ARTICLE SUMMARY

Strengths and limitations of this study
 First large multicenter prospective study to develop a prognostic model that estimates the 

chance of a live birth within three years in couples with RPL.
 Logistic regression model enables dynamically updating live birth chances given the outcome 

of pregnancies after intake
 First study to predict pregnancy complications in RPL couples 

Page 2 of 15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 Large cohort used for the development of a robust model, using the PROBAST tool as a guide 
to control bias

 Retrospective cohort is prone to response and recall bias
 Primary prediction model will not be able to distinguish between different associated RPL 

factors

INTRODUCTION
Recurrent pregnancy loss (RPL) is defined as the loss of two or more conceptions before 24 weeks of 
gestation (1). This condition affects approximately 1-3% of all fertile couples (2, 3). RPL is a highly 
heterogeneous condition with multiple known maternal risk factors, varying from auto-immune 
diseases (antiphospholipid syndrome (APS), antithyroid antibodies), parental balanced chromosomal 
translocations and congenital uterine abnormalities to advanced maternal age, maternal smoking 
and alcohol consumption. Besides these maternal factors, a potential contribution of paternal 
factors (such as male age, lifestyle factors and DNA fragmentation) has been recognized to add to 
the risk for miscarriages (4-6). 

Despite extensive diagnostic work-up offered to couples with RPL, underlying risk factors can be 
identified in only 25-40% of couples (7, 8). Limited understanding of mechanisms underlying RPL has 
the consequence that effective treatment options are often lacking. When no evidence-based 
therapeutic options are available for couples with RPL, clinical management is primarily focused on 
providing supportive care. Supportive care and intensive pregnancy surveillance in the first weeks of 
gestation are assumed to be of influence in the prevention of new pregnancy loss (9).

Part of this supportive care is counselling on the prognosis and live birth rate of subsequent 
pregnancies in couples with RPL. Recently we conducted a systematic search to identify and assess 
the methodological quality of existing prediction models [Youssef et al, submitted for Fertility and 
Sterility 2021]. This review included the two most frequently used models which provide an estimate 
of subsequent chance of ongoing pregnancy/live birth in couples with unexplained RPL (10, 11). The 
model of Lund, et al. is actually not suitable for individual risk assessment, as stated by the authors 
themselves (11). The model of Brigham, et al. has been implemented in RPL care in the Netherlands 
and the United Kingdom, (10, 12, 13). These studies however did not follow the nowadays 
recommended TRIPOD guideline in the development and reporting of the model (14). For example, 
neither of the studies were internally nor externally validated and this could influence the validity 
and performance of the model. Recently, we showed that the Brigham prediction model has poor 
performance in a Dutch RPL cohort, possibly due to a low number of patients included and a 
substantial change of the RPL population since 1999, in light of changes in defining unexplained RPL 
(15). 

Most studies only concentrate on the first pregnancy after intake as primary outcome of the model, 
which lacks future perspective for couples with RPL. In addition, all earlier prediction models focused 
on the unexplained RPL population and on maternal predictors. None of them incorporated different 
causes for RPL, nor did they include paternal factors to establish a prediction specific to individual 
couples (16).

Individual couples with RPL now have an unclear prognosis of future success in terms of having a live 
birth. The aim of the current project is therefore to develop a prediction model that is able to 
provide tailormade estimations of pregnancy success in couples with both unexplained and 
explained RPL, and secondarily to develop a dynamic model that adjusts future chances based on 
pregnancies after intake. 
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STUDY OBJECTIVES

Primary objective
To predict the chance of a live birth within three years after intake in couples with unexplained RPL.

Secondary objectives
To predict the chance of an ongoing pregnancy (>12 weeks) in the next pregnancy in couples with 
unexplained RPL.

To predict the chance of a complicated pregnancy in couples with unexplained RPL (preeclampsia, 
HELLP, eclampsia, gestational diabetes, gestational hypertension, preterm birth, low birth weight).

To predict the chance dynamically of a live birth given the outcome of a pregnancy after intake.

To predict the chance of above outcomes in couples with a known cause for RPL.

METHODS AND ANALYSIS

Study design
A multicenter hospital-based prospective and retrospective cohort study to develop a prediction 
model. This study has a total expected duration of 5 years (Figure 1). 

Eligibility criteria
Couples with the following criteria at intake visit will be included:  
1. RPL in the current relationship: defined as the loss of ≥ 2 preceding pregnancies. These pregnancy 
losses include: 

- All pregnancy losses before the 24th week of gestation verified by ultrasonography or 
uterine curettage and histology

- Non-visualized pregnancies (including biochemical pregnancy losses and/or resolved and 
treated pregnancies of unknown location), verified by positive urine or serum human 
chorionic gonadotropin (hCG) 

- Both consecutive and non-consecutive pregnancy losses 

2. Dutch or English speaking by either the male or the female of the couple

3. Couples with females aged ≤42 years

Couples will be excluded in case of mental or legal incapability of either male or female, or in case of 
< 2 pregnancies in current relationship.

Study population and recruitment
RPL couples that visit the RPL outpatient clinic of the Leiden University Medical Center (LUMC), or 
early pregnancy unit of the Erasmus University Medical Center (Erasmus MC) or Amsterdam 
University Medical Center (AUMC) will be assessed for eligibility. The LUMC is the coordinating 
center. After referral, couples will have an intake at one of the aforementioned centers, where they 
will be invited to participate in this study. If eligibility criteria are met, and in case of consent, 
couples will be selected for inclusion. In addition to this prospective inclusion of patients, couples 

Page 4 of 15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

that have visited the aforementioned clinics between 2006 and 2021 will be included 
retrospectively. 

Couples will receive written information about both the prospective and retrospective cohort, and a 
concomitant informed consent form. The informed consent consists of a request to obtain data from 
their medical records for this study, together with a request to obtain data from other medical 
professionals in case pregnancies were monitored in other centers. Study information underlines 
that participation is voluntary, and that couples are free to withdraw from the study at any time 
point without any consequences. 

Study procedures
General medical history, lifestyle data and obstetric history will be collected for all couples (see table 
1). Data will be collected during the initial intake visit. Uniformity in data collection between the 
participating centers will be ensured through templates. Digital surveys will be sent to participating 
couples to obtain additional data. All information will be stored in the electronic data capture 
software Castor EDC. 

Couples participating in the prospective cohort will be followed for a total of 5 years after initial visit. 
Annual questionnaires will be digitally sent to obtain data of new pregnancies and/or changes in 
health or lifestyle. If follow up has taken place in one of the participating centers, couples will not 
have to fill in these questionnaires, but data will rather be obtained during consultation. Couples 
participating in the retrospective cohort will receive an online questionnaire in case of missing data.

Control of bias
According to the PROBAST-tool (17), risk of bias in prediction model development studies can be 
divided into four domains: participants, predictors, outcome and analysis. Study population is clearly 
defined, minimizing selection bias in the participants domain. As clinicians in the participating 
centers perform intakes in a semi-standardized manner, predictors will be assessed in a similar way 
for all participants. The outcome is clearly defined and determined: urine or serum hCG 
measurement or heartbeat on ultrasound determine an ongoing pregnancy. To ensure that the 
analysis domain is not at risk of bias, the PROBAST-items of that domain will be followed. For the 
retrospective cohort, there is a risk of recall bias. Since intake visits are semi-structured, information 
at baseline is moderately similar across all inclusions. For additional information that has to be 
collected retrospectively, we aim to minimize recall bias by avoiding recall periods longer than five 
years.  

Sample size calculation
The method of Riley et al. for the sample size calculation in prediction models is used (18). This 
method consists of four steps and four different sample sizes, after which the largest one is selected 
as the study sample size. The four steps ensure a precise estimate of the overall outcome risk, 
predicted values with a small mean error across all individuals, a small required shrinkage of 
predictor effects and a small optimism in apparent model fit. Using an anticipated outcome 
proportion of 0.65 (live birth), 12 predictor parameters, a shrinkage of 0.9 and an anticipated R2

cs of 
0.1089, the largest sample size and thus this study’s sample size is 931.

Study outcomes
The following predictors were selected based on current literature, and will be assessed at intake (8, 
10, 11, 19-21):
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- Female age as a continuous variable
- Male age as a continuous variable
- Female BMI as a continuous variable
- Male BMI as a continuous variable
- Current female smoking as a categorical variable
- Current male smoking as a categorical variable
- Number of pregnancy losses as a categorical variable (2, 3, 4 and 5 or more)
- Heartbeat on ultrasound in obstetrical history as a binary variable
- ART in previous pregnancies as a binary variable
- Identification of an associated RPL factor as a binary variable

The following outcomes will be studied:

- Live birth within three years after initial intake visit (defined as the birth of a living child after 
24 weeks gestation)

- Pregnancy outcomes since intake
- Time to pregnancy since intake
- Time between pregnancies since intake
- Pregnancy complications since intake

Statistical analysis plan
For the primary outcome (live birth within three years after intake), we will develop a Cox 
proportional hazards model for time to pregnancy, including couples without full 3- or 5-year 
outcome information. For the secondary outcome, a logistic regression model for the binary 
outcome live birth in couples who conceived after their RPL intake will be developed. This will be 
used to dynamically predict live birth, given the outcome of pregnancies after intake

We will consider both simple linear and non-linear (restricted cubic splines) functions for continuous 
variables. The best fitting model is selected based on the Akaike Information Criterion which reflects 
the trade-off between information and model complexity (variable selection). Measurement of the 
AUC, the Brier score, the Brier skill score, and calibration of the model will be performed (Model 
performance). Internal validation will be performed using the bootstrapping method.

To cope with analysis of missing values (missing at random, missing completely at random), multiple 
imputation will be performed. Once the dataset is complete, cross validation of the previously 
selected variables will be performed, variables with a low predictive strength will be excluded.

External validation will be performed using data of Dutch academic hospitals which have not 
participated in this study.

Patient and public involvement
The Dutch association for patients with fertility problems (Freya) was consulted during the 
development of the study protocol. Study information will be published on their website, and 
information on progress and results will be presented to patients during meetings organized by 
Freya. 

Table 1. Collection of clinical characteristics
Female Date of birth, female age, alcohol consumption, smoking, caffeine intake, 

drugs intake, exercise pattern, education, BMI, blood pressure, general 
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medical history (hypertension, diabetes mellitus, surgeries, earlier blood 
transfusions), use of medication, ethnicity and family history.

Male Date of birth, male age, alcohol consumption, smoking, caffeine intake, drugs 
intake, exercise pattern, education, BMI, general medical history 
(hypertension, diabetes mellitus, surgeries etc.), use of medication, ethnicity 
and family history.

Obstetric history Parity, number of miscarriages, ectopic pregnancies or induced abortions, 
mode of conception, mode of delivery of previous births, gestational age at 
previous births, birth weight of children of previous births.

RPL examination Presence of APL (anticardiolipin IgG and IgM, β2 glycoprotein I antibodies IgG 
and IgM, and lupus anticoagulant), presence of thyroid antibodies, parental 
chromosomal abnormalities and presence of congenital uterine anomalies.

ETHICS AND DISSEMINATION
This study will be conducted according to the principles of the Declaration of Helsinki. The Medical 
Research Ethics Committee of the Leiden University Medical Center provided ethical approval for 
this study. There are no risks or burden involved in this study. All data will be collected during 
regular hospital visits or via questionnaires. Eligible couples will have sufficient time to decide on 
participating in this study, after having received written information. The Castor EDC database of the 
OPAL study will contain all clinical and survey data. This database will not include directly traceable 
patient data. The findings of this study will be disseminated via peer reviewed publications and 
presentations at international conferences.

DISCUSSION
The perspective of a live birth is one of the most important aspects of RPL. Prognostic counselling 
plays a very important role in the RPL clinical practice, especially in the absence of an underlying risk 
factor and with the lack of treatment options. Different prognostic tools exist and are implicated in 
RPL care in the Netherlands and the United Kingdom, but these tools often are often of low quality 
[Youssef et al, submitted for Fertility and Sterility 2021].

In order to enable prediction of a live birth within three years or longer after initial intake visit, or to 
dynamically predict the chance of a live birth, a longer follow-up period is necessary. In this study 
proposal we will therefore include our patients not only prospectively, but also retrospectively. 
Retrospective inclusion is however known for recall bias.  The initial intake visit is according to a 
semi-structured interview, thus minimizing differences between inclusion data across the 
retrospective cohort. In case of missing data, we will aim to minimize recall bias by avoiding recall 
periods longer than five years. 

Another limitation of this study regards the predictors included in the model. There are various 
factors that are associated to RPL (such as sperm DNA fragmentation), that could possibly improve 
model performance, but we currently lack data to include these factors in a prediction model (22). 
Secondly, the predictor “identification of an associated RPL factor” does not specify the associated 
factor, something that would help counselling RPL couples. Of course, as there are several factors 
that could be categorized, the sample size needed for the inclusion of these factors would be much 
higher. 
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The ultimate goal of this study is therefore to accurately predict chances for future successful 
pregnancies, in order to aid expectation management, and provide a perspective for RPL couples. 
The outcomes of this study will provide tailormade and individual prognostic assessments of live 
birth in couples with RPL, and will have to be externally validated to ensure generalizability.
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Figure 1. Schematic diagram of study design
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Figure 1. Schematic diagram of study design 
We will include patients retrospectively from 2006 onwards and prospectively. For the latter group, the 

target for inclusion is 931 couples with RPL. Couples will receive a questionnaire each year during the follow 
up duration of 5 years, regarding their pregnancy results of that year, after which the medical records will 

be collected. 
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ABSTRACT

Introduction
Recurrent pregnancy loss (RPL) is defined as the loss of two or more conceptions before 24 weeks 
gestation. Despite extensive diagnostic work-up, in only 25-40% an underlying cause is identified. 
Several factors may increase the risk for miscarriage, but the chance of a successful pregnancy is still 
high. Prognostic counselling plays a significant role in supportive care. The main limitation in current 
prediction models is the lack of a sufficiently large cohort, adjustment for relevant risk factors, and 
separation between cumulative live birth rate and the success chance in the next conception. In this 
project, we aim to make an individualized prognosis for the future chance of pregnancy success 
which could lead to improved wellbeing and the ability managing reproductive choices.

Methods and analysis
In this multicenter study, we will include both a prospective and a retrospective cohort of at least 
931 and 1000 couples with RPL, respectively. Couples who have visited one of the three participating 
university hospitals in the Netherlands for intake are eligible for study participation, with a follow-up 
duration of 5 years. General medical and obstetric history and reports of pregnancies after the initial 
consultation will be collected. Multiple imputation will be performed to cope for missing data. A Cox 
proportional hazards model for time to pregnancy will be developed to estimate the cumulative 
chance of a live birth within three years after intake. To dynamically estimate the chance of an 
ongoing pregnancy, given the outcome of earlier pregnancies after intake, a logistic regression 
model will be developed.

Ethics and dissemination
The Medical Ethical Research Committee of the Leiden University Medical Center approved this 
study protocol (N22.025). There are no risks or burden associated with this study. Participant written 
informed consent is required for both cohorts. Findings will be published in peer-reviewed journals 
and presentations at international conferences.

Study registration number
ClinicalTrials.gov, NCT05167812.

Keywords
Recurrent pregnancy loss, prediction model, prognostic tool

ARTICLE SUMMARY

Strengths and limitations of this study
 A prognostic model that estimates the chance of a live birth within three years in couples 

with recurrent pregnancy loss (RPL) will be developed using the Cox proportional hazards 
method.
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 Logistic regression modelling enables dynamically updating live birth chances given the 
outcome of pregnancies after intake.

 A large cohort will be used for the development of a robust model, using the PROBAST tool 
as a guide to control bias.

 The retrospective cohort could be prone to response and recall bias.
 Primary prediction model will not be able to distinguish between different associated RPL 

factors.

INTRODUCTION
Recurrent pregnancy loss (RPL) is defined as the loss of two or more conceptions before 24 weeks of 
gestation (1). This condition affects approximately 1-3% of all fertile couples (2, 3). RPL is a highly 
heterogeneous condition with multiple known maternal risk factors, varying from auto-immune 
diseases (antiphospholipid syndrome (APS), antithyroid antibodies), parental balanced chromosomal 
translocations and congenital uterine abnormalities to advanced maternal age, maternal smoking 
and alcohol consumption. Besides these maternal factors, a potential contribution of paternal 
factors (such as male age, lifestyle factors and DNA fragmentation) has been recognized to add to 
the risk for miscarriages (4-6). 

Despite extensive diagnostic work-up offered to couples with RPL, underlying risk factors can be 
identified in only 25-40% of couples (7, 8). Limited understanding of mechanisms underlying RPL has 
the consequence that effective treatment options are often lacking. When no evidence-based 
therapeutic options are available for couples with RPL, clinical management is primarily focused on 
providing supportive care. Supportive care and intensive pregnancy surveillance in the first weeks of 
gestation are assumed to be of influence in the prevention of new pregnancy loss (9).

Part of this supportive care is counselling on the prognosis and live birth rate of subsequent 
pregnancies in couples with RPL. Recently we conducted a systematic search to identify and assess 
the methodological quality of existing prediction models (10). This review included the two most 
frequently used models which provide an estimate of subsequent chance of ongoing pregnancy/live 
birth in couples with unexplained RPL (11, 12). The model of Lund et al. is actually not suitable for 
individual risk assessment, as stated by the authors themselves (12). The model of Brigham et al. has 
been implemented in RPL care in the Netherlands and the United Kingdom (11, 13, 14). These 
studies however did not follow the nowadays recommended TRIPOD guideline in the development 
and reporting of the model (15). For example, neither of the models were internally nor externally 
validated and this could influence the validity and performance of the model. Recently, we showed 
that the Brigham prediction model has poor performance in a Dutch RPL cohort, possibly due to a 
low number of patients included and a substantial change of the RPL population since 1999, in light 
of changes in defining unexplained RPL (16). 

Most studies only concentrate on the outcome of the first pregnancy after intake as primary 
outcome of the model, which lacks future perspective for couples with RPL. In addition, all earlier 
prediction models focused on the unexplained RPL population and on maternal predictors. None of 
them incorporated different causes for RPL, nor did they include paternal factors to establish a 
prediction specific to individual couples (17). Furthermore, obstetric complications after RPL are not 
part of these models (18, 19).
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Individual couples with RPL now have an unclear prognosis of future success in terms of having a live 
birth. The aim of the current project is therefore to develop a prediction model that is able to 
provide tailormade estimates of pregnancy success in couples with both unexplained and explained 
RPL, and secondarily to develop a dynamic model that adjusts future chances based on pregnancies 
after intake. 

STUDY OBJECTIVES

Primary objective
To predict the chance of a live birth within three years after intake in couples with unexplained RPL.

Secondary objectives
To predict the chance of an ongoing pregnancy (>12 weeks) in the next pregnancy in couples with 
unexplained RPL.

To predict the chance of a complicated pregnancy in couples with unexplained RPL (preeclampsia, 
HELLP, eclampsia, gestational diabetes, gestational hypertension, preterm birth, low birth weight).

To predict the chance of a live birth dynamically given the outcome of a previous pregnancy after 
intake.

To predict the chance of above outcomes in couples with a known cause for RPL.

METHODS AND ANALYSIS

Study design
A multicenter hospital-based prospective and retrospective cohort study to develop a prediction 
model. This study has a total expected duration of 5 years (Figure 1). 

Eligibility criteria
Couples with the following criteria at intake visit will be included:
1. RPL in the current relationship: defined as the loss of ≥ 2 preceding pregnancies. These pregnancy 
losses include: 

- All pregnancy losses before the 24th week of gestation verified by ultrasonography or 
uterine curettage and histology

- Non-visualized pregnancies (including biochemical pregnancy losses and/or resolved and 
treated pregnancies of unknown location), verified by positive urine or serum human 
chorionic gonadotropin (hCG) 

- Both consecutive and non-consecutive pregnancy losses 

2. Dutch or English speaking by either the male or the female of the couple

3. Couples with females aged ≤42 years

Couples will be excluded in case of mental or legal incapability of either male or female, or in case of 
< 2 pregnancies in current relationship.
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Study population and recruitment
RPL couples that visit the RPL outpatient clinic of the Leiden University Medical Center (LUMC), or 
early pregnancy unit of the Erasmus University Medical Center (Erasmus MC) or Amsterdam 
University Medical Center (AUMC) will be assessed for eligibility. The LUMC is the coordinating 
center. After referral, couples will have an intake at one of the aforementioned centers, where they 
will be invited to participate in this study. If eligibility criteria are met, and in case of consent, 
couples will be selected for inclusion. In addition to this prospective inclusion of patients, couples 
that have visited the aforementioned clinics between 2006 and 2021 will be included 
retrospectively. 

Couples will receive written information about both the prospective and retrospective cohort, and a 
concomitant informed consent form. The informed consent consists of a request to obtain data from 
their medical records for this study, together with a request to obtain data from other medical 
professionals in case pregnancies were monitored in other centers. Study information underlines 
that participation is voluntary, and that couples are free to withdraw from the study at any time 
point without any consequences. 

Study inclusion started in April 2022 in the LUMC. The start of inclusions in other participating 
centers is pending. The estimated date of completion in each center is 5 years after the first 
inclusion.

Study procedures
General medical history, lifestyle data and obstetric history will be collected for all couples (see table 
1). Data will be collected during the initial intake visit. Uniformity in data collection between the 
participating centers will be ensured through templates. Digital surveys will be sent to participating 
couples to obtain additional data. All information will be stored in the electronic data capture 
software Castor EDC. 

Couples participating in the prospective cohort will be followed for a total of 5 years after initial visit. 
Annual questionnaires will be digitally sent to obtain data of new pregnancies and/or changes in 
health or lifestyle. If follow up has taken place in one of the participating centers, couples will not 
have to fill in these questionnaires, but data will rather be obtained during consultation. Couples 
participating in the retrospective cohort will receive an online questionnaire in case of missing data.

Table 1. Collection of clinical characteristics
Female Date of birth, female age, alcohol consumption, smoking, caffeine intake, 

drugs intake, exercise pattern, education, BMI, blood pressure, general 
medical history (hypertension, diabetes mellitus, surgeries, earlier blood 
transfusions), use of medication, ethnicity and family history.

Male Date of birth, male age, alcohol consumption, smoking, caffeine intake, drugs 
intake, exercise pattern, education, BMI, general medical history 
(hypertension, diabetes mellitus, surgeries etc.), use of medication, ethnicity 
and family history.

Obstetric history Parity, number of miscarriages, ectopic pregnancies or induced abortions, 
mode of conception, mode of delivery of previous births, gestational age at 
previous births, birth weight of children of previous births.

RPL examination Presence of APL (anticardiolipin IgG and IgM, β2 glycoprotein I antibodies IgG 
and IgM, and lupus anticoagulant), thyroid function (thyroid stimulating 
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hormone (TSH)), presence of thyroid antibodies, parental chromosomal 
abnormalities and presence of congenital uterine anomalies.

Control of bias
According to the PROBAST-tool (20), risk of bias in prediction model development studies can be 
divided into four domains: participants, predictors, outcome and analysis. Study population is clearly 
defined, minimizing selection bias in the participants domain. As clinicians in the participating 
centers perform intakes in a semi-standardized manner, predictors will be assessed in a similar way 
for all participants. The outcome is clearly defined and determined: urine or serum hCG 
measurement or heartbeat on ultrasound determine an ongoing pregnancy. To ensure that the 
analysis domain is not at risk of bias, the PROBAST-items of that domain will be followed. For the 
retrospective cohort, there is a risk of recall bias. Since intake visits are semi-structured, information 
at baseline is moderately similar across all inclusions. For additional information that has to be 
collected retrospectively, we aim to minimize recall bias by avoiding recall periods longer than five 
years.

Sample size calculation
The method of Riley et al. is used for the calculation of the required size in prediction models for the 
prospective cohort (21). This method consists of four steps and four different sample sizes, after 
which the largest one is selected as the study sample size. The four steps ensure a precise estimate 
of the overall outcome risk, predicted values with a small mean error across all individuals, a small 
required shrinkage of predictor effects and a small optimism in apparent model fit. Using an 
anticipated outcome proportion of 0.65 (live birth), 12 predictor parameters, a shrinkage of 0.9 and 
an anticipated R2

cs of 0.1089, the largest sample size and thus this study’s prospective cohort sample 
size is 931. The expected retrospective cohort size is 1000, based on a retrospective study period 
between 2006 and 2021 (approximately 200 patients per year for every participating center). This 
results in a minimum cohort size of 1931 RPL couples.

Study outcomes
The following predictors were selected based on current literature, and will be assessed at intake (8, 
11, 12, 22-24):

- Female age as a continuous variable
- Male age as a continuous variable
- Female BMI as a continuous variable
- Male BMI as a continuous variable
- Current female smoking as a categorical variable
- Current male smoking as a categorical variable
- Number of pregnancy losses as a categorical variable (2, 3, 4 and 5 or more)
- Heartbeat on ultrasound in obstetrical history as a binary variable
- ART in previous pregnancies as a binary variable
- Identification of an associated RPL factor as a binary variable

The following outcomes will be studied:

- Live birth within three years after initial intake visit (defined as the birth of a living child after 
24 weeks gestation)
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- Pregnancy outcomes since intake
- Time to pregnancy since intake
- Time between pregnancies since intake
- Pregnancy complications since intake, e.g.:

o Pre-eclampsia
o HELLP syndrome (Hemolysis, Elevated Liver enzymes, Low Platelets) 
o Eclampsia 
o Gestational diabetes 
o Gestational hypertension 
o Preterm birth
o Low birth weight

Statistical analysis plan
For the primary objective (live birth within three years after intake), we will develop a Cox 
proportional hazards model for time to pregnancy, including couples without full 3- or 5-year 
outcome information. For the secondary objective, a logistic regression model for the binary 
outcome live birth in couples who conceived after their RPL intake will be developed. This will be 
used to dynamically predict live birth, given the outcome of pregnancies after intake

We will consider both simple linear and non-linear (restricted cubic splines) functions for continuous 
variables. The best fitting model is selected based on the Akaike Information Criterion which reflects 
the trade-off between information and model complexity (variable selection). Measurement of the 
AUC, the Brier score, and calibration of the model will be performed (Model performance). Internal 
validation will be performed using the bootstrapping method.

To cope with missing values (missing at random, missing completely at random), multiple imputation 
will be performed. Once the dataset is complete, cross validation of the previously selected variables 
will be performed, variables with a low predictive strength will be excluded.

External validation will be performed using data of hospitals which have not participated in this 
study.

Patient and public involvement
The Dutch association for patients with fertility problems (Freya) was consulted during the 
development of the study protocol. Study information will be published on their website, and 
information on progress and results will be presented to patients during meetings organized by 
Freya. 

ETHICS AND DISSEMINATION
This study will be conducted according to the principles of the Declaration of Helsinki. The Medical 
Research Ethics Committee of the Leiden University Medical Center provided ethical approval for 
this study (N22.025). There are no risks or burden involved in this study. Participant informed 
consent will be required for both the prospective and retrospective cohort. All data will be collected 
during regular hospital visits or via questionnaires. Eligible couples will have sufficient time to decide 
on participating in this study, after having received written information. The Castor EDC database of 
the OPAL study will contain all clinical and survey data. This database will not include directly 
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traceable patient data. The findings of this study will be disseminated via peer reviewed publications 
and presentations at international conferences.

DISCUSSION
The perspective of a live birth is one of the most important aspects of RPL. Prognostic counselling 
plays a very important role in the RPL clinical practice, especially in the absence of an underlying risk 
factor and with the lack of treatment options. Different prognostic tools exist and are implicated in 
RPL care in the Netherlands and the United Kingdom, but these tools are often of low quality(10).

In order to enable prediction of a live birth within three years after initial intake visit, or to 
dynamically predict the chance of a live birth, a long follow-up period is necessary. In this study 
proposal we will therefore include our patients not only prospectively, but also retrospectively. 
Retrospective inclusion is however prone to recall bias. The initial intake visit is according to a semi-
structured interview, thus minimizing differences between data across the retrospective cohort. In 
case of missing data, we will aim to minimize recall bias by avoiding recall periods longer than five 
years. 

Another limitation of this study regards the predictors included in the model. There are various 
factors that are associated to RPL (such as sperm DNA fragmentation), that could possibly improve 
model performance, but we currently lack data to include these factors in a prediction model (25). 
We intend to update the prediction model when new evidence suggests that these predictors should 
be included in the counselling of RPL couples. Secondly, the predictor “identification of an associated 
RPL factor” does not specify the associated factor, something that would help counselling RPL 
couples. Of course, as there are several factors that could be categorized, the sample size needed for 
the inclusion of these factors would be much higher. 

The ultimate goal of this study is to accurately predict outcomes of future pregnancies, in order to 
aid expectation management, and provide a perspective for RPL couples. The outcomes of this study 
will provide tailormade and individual prognostic assessments of live birth in couples with RPL, and 
will have to be externally validated to ensure generalizability.
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Figure 1. Schematic diagram of study design
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Figure 1. Schematic diagram of study design 
We will include patients retrospectively from 2006 onwards and prospectively. For the latter group, the 

target for inclusion is 931 couples with RPL. Couples will receive a questionnaire each year during the follow 
up duration of 5 years, regarding their pregnancy results of that year, after which the medical records will 

be collected. 
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