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ABSTRACT 
STUDY QUESTION 

What is the predictive performance of a currently recommended prediction 
model in an external Dutch cohort of couples with unexplained recurrent 
pregnancy loss (RPL)? 

SUMMARY ANSWER  

e model shows poor predictive performance on a new population; it 
overestimates, predicts too extremely and has a poor discriminative ability. 

WHAT IS KNOWN ALREADY 

In 50-75% of couples with RPL, no risk factor or cause can be determined 
and RPL remains unexplained. Clinical management in RPL is primarily 
focused on providing supportive care, in which counselling on prognosis is 
a main pillar. A frequently used prediction model for unexplained RPL, 
developed by Brigham et al. in 1999, estimates the chance of a successful 
pregnancy based on number of previous pregnancy losses and maternal age. 
is prediction model has never been externally validated. 

STUDY DESIGN, SIZE, DURATION 

is retrospective cohort study consisted of 739 couples with unexplained 
RPL who visited the RPL clinic of the Leiden University Medical Centre 
(LUMC) between 2004 and 2019. 

PARTICIPANTS/MATERIALS, SETTING, METHODS 

Unexplained RPL was dened as the loss of two or more pregnancies before 
24 weeks, without presence of an identiable cause for the pregnancy 
losses, according to the European Society for Human Reproduction and 
Embryology (ESHRE) guideline. Obstetrical history and maternal age were 
noted at intake at the RPL clinic. e outcome of the rst pregnancy after 
intake was documented. e performance of Brigham’s model was evaluated 
through calibration and discrimination, in which the predicted pregnancy 
rates were compared to the observed pregnancy rates.  
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MAIN RESULTS AND THE ROLE OF CHANCE 

e cohort included 739 women with a mean age of 33.1 years (±4.7 years) 
and with a median of three pregnancy losses at intake (range 2-10). e 
mean predicted pregnancy success rate was 9.8 percentage points higher in 
the Brigham model than the observed pregnancy success rate in the dataset 
(73.9% vs 64.0% (CI 95% for the 9.8% difference 6.3% – 13.3%)). 
Calibration showed overestimation of the model and too extreme 
predictions, with a negative calibration intercept of -0.46 (CI 95% -0.62 – -
0.31) and a calibration slope of 0.42 (CI 95% 0.11 – 0.73). e discriminative 
ability of the model was very low with a concordance statistic of 0.55 (CI 
95% 0.51 – 0.59). Recalibration of the Brigham model hardly improved the 
c-statistic (0.57; CI 95% 0.53 – 0.62) 

LIMITATIONS, REASONS FOR CAUTION 

is is a retrospective study in which only the rst pregnancy after intake 
was registered. ere was no time frame as inclusion criterium, which is of 
importance in the counselling of couples with unexplained RPL. Only cases 
with a known pregnancy outcome were included.  

WIDER IMPLICATIONS OF THE FINDINGS 

is is the rst study externally validating the Brigham prognostic model 
that estimates the chance of a successful pregnancy in couples with 
unexplained RPL. e results show that the frequently used model 
overestimates the chances of a successful pregnancy, that predictions are 
too extreme on both the high and low ends, and that they are not much 
more discriminative than random luck. ere is a need for revising the 
prediction model in order to estimate the chance of a successful pregnancy 
in couples with unexplained RPL more accurately. 
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INTRODUCTION 
Recurrent pregnancy loss (RPL) is dened as the loss of two or more 
conceptions (1). is condition affects 1-3% of all fertile couples (2, 3). RPL 
is a highly heterogeneous condition with multiple known maternal and 
paternal risk factors (4-6). Despite extensive diagnostic work-ups offered to 
couples with RPL, an underlying risk factor may be identied in only 25-
50% of couples (7, 8). Limited understanding of mechanisms underlying 
RPL leads to the lack of options for effective treatment. As 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 rst trimester of gestation 
is assumed to be of inuence in the prevention of new pregnancy loss (9). 
An important aspect of this supportive care is counselling on the prognosis 
and success rate of subsequent pregnancies in couples with RPL.  

Several prediction models for the estimation of the chance of live birth after 
RPL have been published (10-16) and various international guidelines 
recommend the use of different prediction models (17). e European 
Society of Human Reproduction and Embryology (ESHRE) RPL guideline 
recommends to use the prediction models of Brigham et al. or Lund et al. 
(hereafter called the “Brigham model” and the “Lund model”) to estimate 
the chance of live birth in couples with unexplained RPL (1). e Brigham 
model has been implemented in RPL care in the Netherlands and in the 
United Kingdom (18, 19), while the American Society for Reproductive 
Medicine (ASRM) adapted the Lund model in their RPL guideline (20). e 
Lund model was not designed for individual risk assessment, given the 
descriptive scope of the study. Furthermore, the study does not 
discriminate between unexplained and explained RPL. Although the 
Brigham model and the Lund model were both reviewed with high 
methodological quality and both studies have consistent results, these 
models did not follow the nowadays recommended TRIPOD guideline in the 
development and reporting of a prediction model (21). is guideline 
provides a 22-item checklist consisting of items that assures transparent 
reporting, and acts as a tool for reminding authors of all necessary 
prediction components, such as measuring the predictive performance of 
the study internally and/or externally. Both models were never internally 
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nor externally validated, which leaves their predictive performance 
unknown.  

As the Lund model was not intended for individual risk assessment, the aim 
of this study is to externally validate the Brigham model to assess its 
predictive performance in a Dutch cohort of couples with unexplained RPL. 

METHODS 
PATIENT POPULATION 

We included couples with unexplained RPL who visited the clinic of the 
Leiden University Medical Centre (LUMC) for intake consultation between 
2004 and 2019. We dened unexplained RPL as the loss of two or more 
pregnancies until 24 weeks, without presence of an identiable cause for 
the pregnancy losses, according to the ESHRE guideline (1). e following 
investigations were performed to rule out factors associated with RPL: 
maternal testing for antiphospholid syndrome (lupus antibodies, 
anticardiolipin antibodies, anti-β2-glycoprotein antibodies), parental 
karyotyping for chromosomal abnormalities based on a priori chance (22), 
endocrinological factors (thyroid function and thyroid peroxidase antibody 
testing, random glucose level on indication (23)), and assessment of uterine 
cavity to rule out anatomic abnormalities. Testing for inherited 
thrombophilia and hyperhomocysteinemia was performed until 2018 as 
these were regarded associated factors for RPL. Since the publication of the 
ESHRE guideline in November 2017, thrombophilia and 
hyperhomocysteinemia testing were excluded from the RPL investigations 
and are only performed to rule out an increased chance of thrombotic 
events, as is now daily practice at our clinic. RPL couples who tested positive 
for either, but did not have any other associated RPL factors, were regarded 
as unexplained RPL in this study. After intake at the LUMC RPL clinic, 
intensive pregnancy surveillance in the rst weeks of gestation was offered 
in a new pregnancy, consisting of weekly ultrasound checks performed by 
an easily accessible and dedicated RPL team.  

DATA COLLECTION 

Data collection was performed according to the Brigham model. We 
retrieved maternal age and number of preceding miscarriages at time of 
intake at the RPL clinic. e outcome of the rst pregnancy after intake at 
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the clinic was registered. A successful outcome was regarded as ongoing 
pregnancy (heartbeat on ultrasound) beyond 24 weeks. Only patients with 
a known pregnancy outcome were considered for inclusion. Couples 
missing this data were assumed not to differ systematically from couples 
with complete data. 

STATISTICAL ANALYSIS 

We evaluated the predictions of the Brigham model through calibration and 
discrimination. Calibration examines the agreement between the predicted 
and observed pregnancy success rates, while discrimination refers to the 
ability of the model to separate women with a successful pregnancy from 
those without. erefore, we calculated the percentages of a successful 
pregnancy according to the formula described by the Brigham model, as 
shown below (10).  

log(p/(1-p))=2.00-0.0828 (age-32)-0.2467 (number of pregnancy losses) 

Here, p is the predicted probability of a vital pregnancy for those patients 
who reached pregnancy. We performed a graphical assessment of the 
calibration, using the val.prob.ci.2 function, obtained from the library 
CalibrationCurves (https://github.com/BavoDC/CalibrationCurves), of the 
R statistical program (version 4.0.2). is function validates predicted 
probabilities against binary events, computing a set of indexes and 
statistics.  

Based on these indexes and statistics, a calibration curve is plotted, 
including a calibration intercept, which indicates the extent that 
predictions are systematically too low or too high (also called “calibration in 
the large”), and a calibration slope. In a perfectly calibrated model, the 
intercept is 0 and the slope is 1. An intercept with a negative value suggests 
overestimation, while an intercept with a positive value suggests 
underestimation. A slope < 1 suggests that the estimated chances are too 
extreme, while a slope > 1 suggests that the estimated risks are too 
moderate (24).  

e discriminative ability of Brigham’s model was measured using the 
concordance statistic (c-statistic). It gives the probability that a randomly 
selected patient who achieved a successful pregnancy had a higher 
estimated chance than a patient who did not. A value of 1 means that the 
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model perfectly predicts who will experience a successful pregnancy and 
who will not. A value of 0.5 means that the model is no better at predicting 
than random chance.  

To see whether the Brigham model would perform better after recalibration 
to our validation data, we followed the methods described by Vergouwe et 
al. (25). ree additional logistic regression models were estimated: one 
updating the intercept of the model (recalibration in the large), one 
updating the intercept and the strength of the predictors (logistic 
recalibration), and model revision (estimating all model parameters anew). 
e performance of these updated models was assessed using the same 
metrics as for the original Brigham model.  

SAMPLE SIZE CALCULATION 

For the calculation of the required sample size for this external validation, 
we used the method described by Riley et al. for the calculation of a sample 
size in clinical prediction models (26). We indicated that we were using the 
same two variables as Brigham: age and number of previous rst trimester 
pregnancy losses, both as continuous variables. A value of 0.1089 was 
calculated for the R2, the expected shrinkage was set to 0.9, as suggested by 
Riley et al. e prevalence of a pregnancy loss was expected to be 35% (27). 
e R package pmsampsize provided alongside the paper of Riley et al. was 
used for the calculation of the sample size. Each step leads to a calculated 
sample size, and the largest sample size is the required sample size. is 
resulted in a sample size of 350 couples with unexplained RPL who achieved 
a new pregnancy after intake at the clinic.  

ETHICAL APPROVAL 

Approval for this study and data collection was obtained at the Medical 
Research Ethics Committee of the Leiden University Medical Centre 
(protocols P11.196 and P19.014). 
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RESULTS 
Between 2004 and 2019, 904 couples with unexplained RPL were registered 
at the LUMC RPL clinic. Of these 904 couples, 107 (11.8%) were lost to 
follow up, and 58 couples did not conceive a pregnancy after intake, which 
resulted in a group of 739 couples with a known outcome of the rst 
pregnancy after intake at the RPL clinic. ese 739 couples are included in 
the analysis (Figure 1).  

 

e mean age of the women was 33.1 years (±4.7 years), with a median of 
three pregnancy losses at intake (range 2-10 pregnancy losses). More than 
half of the couples (60.5%) had not previously given birth (live births; range 
0-4). e baseline characteristics of these couples are shown in Table 1. e 
group of patients who were lost to follow up was comparable at baseline, 
with a mean age of 33.6 years (±4.7 years), a median of three pregnancy 
losses at intake (range 2-8 pregnancy losses) and a median of zero live births 
(range 0-5). e rst pregnancy after intake was successful in 64.1% (CI 

95% 60.6% – 67.6%) of couples, dened as a heartbeat on ultrasound ≥24 

weeks pregnancy. Data of rst pregnancy after intake is shown in Table 2. 
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Table 1 | Baseline characteristics at time of intake (n=739) 

Age (years) 
20-24 
25-29 
30-34 
35-39 
≥40 

33.1 
35 

140 
276 
234 

54 

(±4.7)* 
(4.7%) 
(18.9%) 
(37.3%) 
(31.7%) 
(7.3%) 

Number of previous pregnancy losses (n) 
2 
3 
4 
≥5 

3 
103 

3941
50 
92 

(2-10)+ 
(13.9%) 
(53.3%) 
(20.3%) 
(12.4%) 

Previous live birth (n) 
0 
1 
≥2 

0 
447 
236 

56 

(0-4)+ 
(60.5%) 
(31.9%) 
(7.6%) 

Year of inclusion (n) 
2000-2004 
2005-2009 
2010-2014 
2015-2019 

 
50 

180 
279 
230 

 
(6.8%) 
(24.4%) 
(37.8%) 
(31.1%) 

* Mean with standard deviation between parentheses 
+ Median with range between parentheses 

 

Table 2 | Overview of outcome data in numbers (n=739) 

No pregnancy 
Lost to follow-up 

58 
107 

(6.4%)+ 
(11.8%) 

Biochemical pregnancy 
Clinical pregnancy loss in rst trimester 
Clinical pregnancy loss in second trimester 
Live birth (pregnancy ≥24 weeks gestation) 
Pregnancy loss (not further claried 

74 
158 

2 
474 

31 

(10.0%) 
(21.4%) 
(0.3%) 
(64.1%) 
(4.2%) 

+ Percentage calculated based on cohort population before exclusion (n=904) 
 

We plotted the expected success probabilities of the rst pregnancy after 
intake according to Brigham’s formula against the observed rates (Figure 2). 
e mean predicted pregnancy success rate using the Brigham model was 
9.8 percentage points higher than the observed pregnancy success rate in 
the dataset (73.9% vs 64.0% (CI 95% for the 9.8% difference 6.3% – 
13.3%)).  
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Calibration in the large resulted in a statistically signicant intercept of -
0.46 (CI 95% -0.62 – -0.31), affirming the higher predicted success rate. e 
slope of the calibration curve was statistically signicant at 0.42 (CI 95% 
0.11 – 0.73). e c-statistic, used to describe the discriminative ability of 
the prediction model, was 0.55 (CI 95% 0.51 – 0.59). 

Calibration in the large, logistic recalibration and model revision each led 
to an improvement in model t (each Likelihood ratio test comparing 
against the original model P value = <0.001), thus full model revision was 
adopted. e revised model was estimated as follows: 

log(p/(1-p))=1.53-0.01 (age-32)-0.28 (number of pregnancy losses) 

However, the updated model barely improved its discriminative ability (c-
statistic 0.57; CI 95% 0.53 – 0.62). 

DISCUSSION 
To improve counselling as part of supportive care of RPL couples, accurate 
predictions on pregnancy success are of utmost importance. is study is 
the rst to externally validated the frequently used Brigham model that 
predicts outcome of next pregnancy in couples with unexplained RPL, as 
developed by Brigham et al. (10). is resulted in a calibration curve with a 
negative intercept, a slope smaller than 1.0 and a c-statistic of 0.55. 

A calibration slope of < 1 suggests that the estimated risks are too extreme, 
meaning that the predicted chances are too low for older couples with a 
higher number of pregnancy losses and that the predicted chances are too 
high for younger couples with lower number of pregnancy losses. In other 
words, the effect of age and number of pregnancy losses is stronger in the 
Brigham model than in the validation dataset. e value of the c-statistic 
ranges from 0.5 to 1.0, with 0.5 indicating prediction based on pure chance 
and 1.0 indicating perfect prediction. According to our analysis, there is 
poor predictive performance of this model on a new population. e model 
overestimates, has too extreme predictions and has a poor discriminative 
ability. 

It is already known that the accuracy of prediction models is often lower in 
a separate cohort (28). We tried updating the model in our new data; 
however, the discriminative ability did not improve and the model revision 
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led to re-estimation of all coefficients, which disregards information from 
the original dataset. Our data suggests that age and number of previous 
pregnancy losses alone are not able to discriminate between patients with 
or without a successful next pregnancy. 

e ESHRE and RCOG (Royal College of Obstetricians and Gynaecologists) 
guidelines mention that couples with unexplained RPL have high chances 
of achieving a live birth in the future, using the Brigham prediction model 
as substantiation. In our study however, we observed that the predicted 
chances of the model are much higher than the actual success rate, reected 
by the 9.8 percentage points difference between the mean predicted success 
rate and the actual live birth rate. e majority (76%) of patients in the 
dataset of the Brigham model had a history of three or more miscarriages, 
and the remaining 24% consisted of patients with two miscarriages who 
requested analysis for the RPL. In our dataset only 14% (103/739) of 
patients experienced two miscarriages, which could explain the overall 
lower mean chance of success.  

We expected a higher age in our study population, as in general a trend of 
delaying motherhood is present (29). is higher age could also explain the 
observed difference in predicted pregnancy success. However, the mean age 
in our cohort (33.1 ±4.8 SD years) does not differ from the mean age in the 
cohort in the Brigham model (32 years), though for the latter the age range 
was not presented. Finally, the setting of the two cohorts could be different. 
Our centre is a tertiary referral centre, but also includes patients referred by 
primary care. e setting of Brigham’s cohort is unknown.  

e poor performance of the model in our cohort could also be explained by 
the model’s development. e Brigham model was based on a prospectively 
collected dataset of 716 patients with RPL. However, only 325 of them were 
identied as having `idiopathic recurrent miscarriage' and 23 patients were 
lost to follow-up. A subsequent pregnancy was achieved by 226/325 (70%) 
patients, of which two were found to be ectopic, and two patients 
underwent termination of pregnancy. us, the model was based on only 
222 patients and this small number could have resulted in overtting of the 
model. is is demonstrated in the sample size calculation, that points to a 
total of 350 patients necessary for a model with two continuous variables. 
Furthermore, as no internal validation was performed during model 
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development to correct for the degree of overtting (such as bootstrapping), 
it is evident that the performance of the model is better on its training 
dataset than in another or external dataset (30). In short, there was poor 
development of the study due to underpowering, lack of internal validation 
and lack of external validation. 

Next, the likelihood of nding a low predictive accuracy during validation 
will increase if a more stringent form of validation is used (31, 32). In our 
study, we included patients from another geographical area and from 
another time period. is has inuence on differences between the 
populations. First, the denition of RPL has signicantly changed over the 
past 20 years (1). Women with antiphospholipid syndrome, 
oligomenorrhoea, cervical weakness and abnormal parental chromosome 
karyotype and patients with a history of second trimester loss were 
excluded from the dataset in the Brigham model. According to the current 
denition, oligomenorrhoea is not considered a factor for recurrent 
pregnancy losses. Furthermore, RPL nowadays includes all pregnancy losses 
from the time of conception until 24 weeks of gestation. Brigham et al. also 
excluded “those who had completed successful treatment of an abnormal 
nding”, which is not specied any further in the study.  

is study is the rst to externally validate the Brigham model, a frequently 
used prognostic model for successful pregnancy in RPL care. With the large 
sample size in our study, our evaluation of the model provides precise model 
performance measures. We followed Brigham’s research method to the best 
of our abilities, to ensure that the external validation was performed on 
equally developed models. Regarding the outcome, pregnancy success was 
dened as a pregnancy continuing beyond 24 weeks of gestation, rather 
than a live birth, which is what patients ultimately want to know. As 
indicated by Smith et al, there is a need for standardised and patient-central 
clinical outcomes in studies on pregnancy after RPL (33). 

Importantly, our study only included cases with a known pregnancy 
outcome in the analysis. In our cohort, the main reason for unknown 
pregnancy outcomes, is that couples leave the clinic around the tenth week 
of gestation and continue their pregnancy care given by a community 
midwife. We assumed that missing data was unrelated to the variables 
involved in the analysis, and therefore did not bias the analysis. is 
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assumption was supported by the fact that patients with missing data were 
comparable in age, pregnancy losses and live births at baseline. Moreover, 
missing data and loss of follow up could also be explained by the inability 
of couples to achieving a new pregnancy, either voluntary or involuntary, 
and these couples would not have been included for this study.  

Our study shows that the Brigham model does not perform well in a Dutch 
population. e poor discriminative ability of this model implies that it 
should not be used routinely in the counselling and prognosis on 
subsequent pregnancies in patients with RPL. Instead, the model should be 
revised in order to estimate the chance of a successful pregnancy in couples 
with unexplained RPL more accurately. 
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