Y . T
Ak Universiteit
Nelird) Leiden
Wb The Netherlands

Toward more accurate prediction of future pregnancy outcome in couples
with unexplained recurrent pregnancy loss: taking both partners into
account

Fosse, N.A. du; Hoorn, M.L.P. van der; Koning, R. de; Mulders, A.G.M.G.].; Lith, ].M.M. van;
Cessie, S. le; Lashley, E.E.L.O.

Citation
Fosse, N. A. du, Hoorn, M. L. P. van der, Koning, R. de, Mulders, A. G. M. G. ]., Lith, J. M. M.

van, Cessie, S. le, & Lashley, E. E. L. O. (2022). Toward more accurate prediction of future
pregnancy outcome in couples with unexplained recurrent pregnancy loss: taking both partners
into account. Fertility And Sterility, 117(1), 144-152. doi:10.1016/j.fertnstert.2021.08.037

Version: Publisher's Version
License: Creative Commons CC BY 4.0 license

Downloaded from: https://hdl.handle.net/1887/3567906

Note: To cite this publication please use the final published version (if applicable).


https://creativecommons.org/licenses/by/4.0/
https://hdl.handle.net/1887/3567906

ORIGINAL ARTICLES: EARLY PREGNANCY "l) Check for updates‘

Toward more accurate prediction of
future pregnancy outcome in couples
with unexplained recurrent
pregnancy loss: taking both partners
Into account

Nadia A. du Fossé, M.Sc.,>° Marie-Louise P. van der Hoorn, Ph.D.,2 Rozemarijn de Konin%, B.Sc.,?
Annemarie G. M. G. J. Mulders, Ph.D.,° Jan M. M. van Lith, Ph.D.,? Saskia le Cessie, Ph.D.,>¢
and Eileen E. L. O. Lashley, Ph.D.?

2 Department of Gynaecology and Obstetrics, and ® Department of Clinical Epidemiology, Leiden University Medical Center,
Leiden, the Netherlands; < Department of Obstetrics and Gynaecology, Erasmus MC, University Medical Centre, Rotterdam,
the Netherlands; and ¢ Department of Biomedical Data Sciences, Leiden University Medical Center, Leiden, the Netherlands

Objective: To identify, besides maternal age and the number of previous pregnancy losses, additional characteristics of couples with
unexplained recurrent pregnancy loss (RPL) that improve the prediction of an ongoing pregnancy.

Design: Hospital-based cohort study in couples who visited specialized RPL units of two academic centers between 2012 and 2020.
Setting: Two academic centers in the Netherlands.

Patients: Clinical data from 526 couples with unexplained RPL were used in this study.

Intervention(s): None.

Main Outcome Measures: The final model to estimate the chance of a subsequent ongoing pregnancy was determined using a back-
ward selection process and internally validated using bootstrapping. Model performance was assessed in terms of calibration and
discrimination (area under the receiver operating characteristic curve).

Results: Subsequent ongoing pregnancy was achieved in 345 of 526 couples (66%). The number of previous pregnancy losses,
maternal age, paternal age, maternal body mass index, paternal body mass index, maternal smoking status, and previous in vitro fertil-
ization/intracytoplasmic sperm injection treatment were predictive of the outcome. The optimism-corrected area under the receiver
operating characteristic curve was 0.63 compared with 0.57 when using only the number of previous pregnancy losses and
maternal age.

Conclusions: The identification of additional predictors of a subsequent ongoing pregnancy after RPL, including male characteristics,
is significant for both clinicians and couples with RPL. At the same time, we showed that the predictive ability of the current model is
still limited and more research is warranted to develop a model that can be used in clinical practice. (Fertil Steril® 2022;117:144-52.
©2021 by American Society for Reproductive Medicine.)

El resumen esta disponible en Espaiiol al final del articulo.
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ecurrent pregnancy loss (RPL) is

a condition characterized by the
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abnormalities, and parental chromosomal translocations (2).
Despite the extensive diagnostic workup being offered to cou-
ples with RPL, no underlying condition can be identified in
60%-70% of cases (3). For these unexplained cases, no
evidence-based therapeutic options are available, which
adds to the frustrating nature of this condition (2). Indeed,
multiple studies have shown that couples with RPL are more
likely to deal with depression and anxiety (4). It is considered
significant to offer supportive care to couples with RPL, con-
sisting of intensive monitoring and care during early preg-
nancy as well as psychological support (5, 6). Moreover,
supportive care should certainly include reliable counseling
regarding prognosis.

For couples with RPL, one question is vital: what is the
chance of a future successful pregnancy? Even when etiologic
mechanisms are not fully elucidated, well-developed and
validated prediction models may provide adequate estimates
of future pregnancy outcomes (7). Currently, two prognostic
tools are recommended by the European Society of Human
Reproduction and Embryology (ESHRE) guideline on RPL
(2). Both models base their predictions on two factors: the
number of preceding pregnancy losses and maternal age.
Brigham et al. (8) predicted the chance of a subsequent
ongoing pregnancy with fetal survival beyond 24 weeks of
gestation, whereas Lund et al. (9) predicted pregnancy success
rates at 5, 10, and 15 years after referral. However, some sig-
nificant limitations must be kept in mind when using these
prediction models.

First, because neither performance measures nor validation
procedures were described for both models, their predictive per-
formance remains unknown. Second, because these models
were developed 21 and 9 years ago, changing definitions and
diagnostic investigations for RPL have most probably affected
the reliability of the models in today’s clinical practice. In addi-
tion, a limited number of candidate predictors was examined in
both studies. Although it is indisputable that maternal age and
previous number of losses are significant predictors of future
pregnancy outcome (2), it is likely that the inclusion of other
factors may improve the accuracy of prediction. Lifestyle fac-
tors such as cigarette smoking have been associated with preg-
nancy loss in previous studies and may, thus, influence future
pregnancy outcome (10, 11). Moreover, although the focus has
been on the female partner for several years, evidence is
emerging that the characteristics of the male partner also
contribute to (recurrent) pregnancy loss (12, 13).

This study aimed to explore whether predicting the chance
of a subsequent ongoing pregnancy in couples with unex-
plained RPL could be improved by taking, besides maternal
age and the number of previous pregnancy losses, additional
candidate predictors into account. To our knowledge, this is
the first time that the predictive potential of both maternal
and paternal factors was evaluated in this context.

MATERIALS AND METHODS

This study was conducted following the recommendations of
the transparent reporting of a multivariable prediction model
for individual prognosis or diagnosis statement (14). This
study was approved by the Medical Research Ethics Commit-
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tee of the Leiden University Medical Center (reference number
P19.014).

Source of Data

In this hospital-based cohort study, data from two specialized
RPL units located in two Dutch academic hospitals (Erasmus
MC, University Medical Center Rotterdam and Leiden Univer-
sity Medical Center) were obtained, covering the period be-
tween January 2012 and December 2019. Couples with RPL
were referred to these clinics for diagnostic investigations,
counseling, supportive care, and/or intensive monitoring dur-
ing the first trimester of a subsequent pregnancy. The baseline
characteristics (described in more detail in the Candidate Pre-
dictors subsection) of all couples who visited the RPL clinics
were registered in electronic patient records during the intake
consultation using a standardized template. Data on baseline
characteristics and subsequent pregnancy outcome were ex-
tracted from the hospital database systems and entered into
a study database using a standardized template.

Eligibility Criteria

Couples with at least two pregnancy losses before 24 weeks of
gestation (following the definition of the ESHRE guideline on
RPL) in the current relationship were included in the study
database. Couples with pregnancy losses after oocyte or
sperm donation and couples with an identified underlying
condition for RPL (specified in the next paragraph) were
excluded.

Diagnostic Investigations for RPL

Diagnostic investigations considered for this study were
based on the recommendations of the current ESHRE guide-
line on RPL (2) and included screening for uterine anomalies,
thyroid abnormalities (antithyroid peroxidase and thyroid-
stimulating hormone levels), acquired thrombophilia (anti-
phospholipid antibodies [15]), and parental chromosomal
translocations. Parental karyotyping was performed only in
case of an increased risk of abnormalities, following the risk
table of Franssen et al. (16).

Outcome

We estimated the chance of a subsequent ongoing pregnancy,
defined as fetal survival beyond 24 weeks of gestation (2) in
the first pregnancy after intake consultation at the RPL clinic.
All first pregnancy outcomes that occurred after the intake
consultation and before January 2021 were analyzed. Preg-
nancies conceived by a new male partner (i.e., a different part-
ner than during the intake consultation) or conceived after
oocyte or sperm donation were excluded from the analysis.
Couples with no further pregnancy or with an unknown preg-
nancy outcome after intake consultation were also excluded
from the present analysis.

Sample Size Calculation

For sample size considerations, we followed the recommenda-
tions as published by van Smeden et al. (17). An established
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rule of thumb for the required sample size to develop a predic-
tion model is to ensure at least 10 events per candidate predic-
tor parameter. However, van Smeden et al. (17) stated that this
rule is insufficient to minimize the risk of model overfitting
and to target precise model predictions. For binary outcomes,
they showed that the number of candidate prediction param-
eters, total sample size, and outcome proportion are the main
drivers of the mean predictive accuracy of a prediction model.
Therefore, a sample size formula was presented, which aimed
to ensure that a new prediction model will, on average, have a
small prediction error in the estimated outcome probabilities,
as measured by the mean absolute prediction error. An inter-
active calculation tool is available online and was used for
this study: https://mvansmeden.shinyapps.io/BeyondEPV/.
Before performing the present study, the number of available
patients and predictors was determined. For this situation, the
calculation tool was used to identify the maximum number of
candidate predictors to be considered. With an anticipated
outcome proportion of 70% couples with an ongoing preg-
nancy (8, 9, 18), a sample size of 526 (the number of couples
available in our database), and a mean absolute prediction er-
ror of 0.05 between observed and true outcome probabilities
(as recommended by van Smeden et al. [17]), the maximum
number of candidate prediction parameters was determined
a priori as 12.

Candidate Predictors

The following candidate predictors were considered on the
basis of theoretical plausibility following previous research,
expert opinion, and availability: the number of previous preg-
nancy losses, primary or secondary RPL (with primary RPL
being defined as no live birth in the current relationship), pre-
vious pregnancies conceived by in vitro fertilization (IVF) or
intracytoplasmic sperm injection (ICSI), maternal and
paternal age, maternal and paternal body mass index (BMI),
and maternal and paternal smoking status. All candidate pre-
dictor variables were collected during the intake consultation.

The number of previous pregnancy losses and maternal
and paternal ages were treated as continuous variables. Previ-
ous IVF or ICSI treatment and maternal and paternal smoking
status were treated as dichotomous variables.

Statistical Analysis

All analyses were performed in R studio version 1.3.9.50 and
R version 3.6.3 (R Foundation for Statistical Computing,
Vienna, Austria).

Handling of missing data. To avoid a decrease in statistical
power and selection bias, missing values were imputed. We
assumed that the missing values were missing at random.
On the basis of the amount of missing data, missing values
were imputed 30 times using multiple imputation with
chained equations with predictive mean matching (19, 20).
All candidate predictors and the outcome variable were
included in the imputation model (19). Rubin’s rules were
applied for pooling estimates across the imputed datasets (21).

Model development. Initially, we fitted univariable logistic
regression models to assess the effect of individual predictors.

Possible nonlinearity in the associations between continuous
predictors and the outcome was examined using the R studio
package “rcspline.plot.” Maternal age had a significant
nonlinear relation to the probability of a subsequent ongoing
pregnancy and was modeled using a restricted cubic spline.
For model development, we used the R studio package
“pfmsi,” which provides functions to apply pooling and var-
iable selection in multiple imputed datasets. We performed
multivariable logistic regression analysis with ongoing preg-
nancy as a binary outcome. A backward selection process was
used to determine the final multivariable logistic regression
model, using the Akaike Information Criteria as a stopping
rule (corresponding to a P value of .157) (20, 22). To assess
the added value of additional predictors, we fitted smaller
models including only a subset of the predictors derived
from the backward selection.

Model performance

The resulting final model was internally validated using boot-
strapping with 250 bootstrap samples, yielding estimates for
the optimism in the performance for discrimination and cali-
bration. The bootstrapping procedure was performed in com-
bination with backward selection, because it is known that
variable selection is a major reason for model overfitting
(20). Model calibration was ascertained by visual inspection
of a calibration plot. Receiver operating characteristic curve
analysis was used as a measure for discrimination. Discrimi-
nation referred to the ability of a model to correctly assign
higher probabilities to subjects with the outcome (ongoing
pregnancy) compared with subjects without the outcome.
An area under the receiver operating characteristic curve
(AUQ) of 0.5 indicated no discrimination and was comparable
with tossing a coin: the ability of the model to assign a higher
probability to a couple with ongoing pregnancy than to a
couple without ongoing pregnancy was 50%. An AUC of
1.0 indicated perfected discrimination. The explained vari-
ance was described in terms of the Nagelkerke R>. To prevent
the model from overfitting, the calibration slope from the
bootstrapping procedure was used to shrink the pooled
regression coefficients and to determine a new intercept, be-
ing aligned with the shrunken coefficients (20). Performance
measures of the final model and smaller models including
fewer predictors were compared.

RESULTS

After exclusions, the dataset included 526 couples with unex-
plained RPL and a subsequent pregnancy outcome after
intake consultation at one of the two participating clinics.
The flow of participants through the study is shown in
Supplemental Figure 1 (available online). All included couples
were followed up for at least 1 year after intake consultation.
In 345 couples (66%), the first pregnancy after intake consul-
tation was an ongoing pregnancy beyond 24 weeks of gesta-
tion. Of the remaining 181 couples (34%) without an ongoing
pregnancy, 168 (93%) had a spontaneous pregnancy loss, 8
(49%) had an ectopic pregnancy, and 5 (3%) had a termination
of pregnancy due to fetal abnormalities. Fifty-six pregnancy
outcomes occurred in 2020, during the coronavirus disease
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2019 pandemic. None of these women were known to have
had a severe acute respiratory syndrome coronavirus 2 infec-
tion during their pregnancy. Table 1 shows the characteristics
of the total cohort and of couples with and without ongoing
pregnancy separately. The percentages of missing values
ranged from 0% to 22.8% per candidate predictor.

Predicting the Chance of Ongoing Pregnancy

The number of previous pregnancy losses, maternal and
paternal age, and previous conceptions by IVF/ICSI treatment
had statistically significant univariable associations with an
ongoing pregnancy (Supplemental Table 1, available online).
Figure 1 shows the unadjusted relations between the predicted
probability of an ongoing pregnancy and the continuous pre-
dictors number of previous pregnancy losses, maternal and
paternal age, and maternal and paternal BMI. The probability
of an ongoing pregnancy gradually declined with the
increasing number of previous pregnancy losses and
increasing paternal age and sharply declined starting from
the maternal age of 35 years. Although parental BMI effects
were small, we observed a negative association between
increasing paternal BMI and an ongoing pregnancy, whereas
an increasing maternal BMI slightly improved the chance of
an ongoing pregnancy.

The factors in the final multivariable model (Table 2) to
predict the probability of having a subsequent ongoing preg-
nancy were the number of previous pregnancy losses,
maternal and paternal age, maternal and paternal BM],
maternal smoking status, and mode of conception (with or
without a history of IVF/ICSI treatment). The bootstrapping
procedure yielded an adjusted calibration slope of 0.77, which
was applied as a shrinkage factor to the intercept and coeffi-
cients of the final model. The odds of a subsequent ongoing
pregnancy decreased with every increasing previous preg-
nancy loss. For example, the odds of an ongoing pregnancy
after three pregnancy losses was 19% lower than that of an
ongoing pregnancy after two pregnancy losses, and the
odds after six pregnancy losses was 47% less than that after
three losses. A smoking woman had a 38% lower odds of an
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ongoing pregnancy than a nonsmoking woman. Couples
with a history of IVF/ICSI treatment had a 46% reduced
odds of an ongoing pregnancy compared with couples with
spontaneous conceptions.

Model performance. The calibration plot of the final multi-
variable model indicated overall good calibration
(Supplemental Fig. 2, available online). We compared the
discrimination of the final model with that of smaller models
including only a subset of the predictors. The optimism-
corrected AUCs ranged from 0.57 for a model only including
the predictors maternal age (fitted as a linear variable) and
number of previous pregnancy losses to 0.63 for the final
model including all predictors derived from the backward se-
lection procedure. The performance measures for all models
are shown in Supplemental Table 2 (available online).

Predicting ongoing pregnancy for specific couples. Figure 2
shows four couples with their respective characteristics and
predicted chances of a subsequent ongoing pregnancy ac-
cording to our final multivariable prediction model, including
the number of previous pregnancy losses, maternal and
paternal age, maternal and paternal BMI, maternal smoking
status, and mode of conception (with or without a history of
IVF/ICSI treatment). We compared the predicted probabilities
of our model with those provided by the commonly used pre-
diction model of Brigham et al. (8), including only the number
of previous pregnancy losses and maternal age fitted as a
linear variable.

For scenarios A and B, the predicted chances of a subse-
quent ongoing pregnancy calculated with our model and with
the model of Brigham et al. (8) were similar (74% vs. 78% for
scenario A and 50% both for scenario B). In scenario C, our
model provided a lower chance of an ongoing pregnancy
compared with the model of Brigham et al. (8) (57% vs.
73%). In scenario D, the predicted probabilities resulting
from both models were even more deviating. The estimate
of our model was a 26% chance of an ongoing pregnancy,
almost half the probability as calculated for scenario B. How-
ever, the model of Brigham et al. (8) still estimated a 50%
chance of an ongoing pregnancy, because this model is

TABLE 1

Cohort characteristics.

Characteristics All couples (n = 526)

Mean age (SD), range

Women 33.58 (4.67), 20-45
Men 35. 50( 11), 20-67
Median number of 3(2-4), 2-11
pregnancy losses (IQR), range
Primary RPL, n (%) 308 (58.6)
History of IVF/ICSI treatment, n (%) 72 (13.7)

Mean BMI (SD), range

Women 24.55 (4.59), 16.18-44.98

Men 25.51 (3.60), 18.26-41.77
Smoking, n (%)

Women 65 (12.4)

Men 133 (25.3)

Note: BMI = body mass index; ICSI =
2 Ongoing pregnancy defined as fetal survival beyond 24 weeks of gestation.

du Fossé. Predicting ongoing pregnancy after RPL. Fertil Steril 2021.

Ongoing
pregnancy® (n = 345)

No ongoing
pregnancy (n = 181)

Missing
data n (%)

33.28 (4.42), 20-43 34.14 (5.08), 21-45 0(0)
3510( .79), 20-67 3628( .63), ZW =55 26 (4.9)
3(2-3), 2-10 3(3-4), 2- 0(0)
202 (58.6) 106 (58.6) 0(0)
39 (11.3) 33(18.2) 0 (0)
24.71 (4.83), 17.71-44.98 24.24 (4.08), 16.18-42.91 24 (4.6)
25.36 (3.50), 18.26-41.77 25.79 (3.77), 19.27-40.75 120 (22.8)
37 (10.7) 28 (15.4) 6(1.1)
83 (24.1) 50 (27.6) 61(11.6)

intracytoplasmic sperm injection; IQR = interquartile range; IVF = in vitro fertilization; RPL = recurrent pregnancy loss; SD = standard deviation.
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variable. Relations were characterized by restricted cubic spline functions. Only maternal age had a significant nonlinear relation with the outcome.

du Fossé. Predicting ongoing pregnancy after RPL. Fertil Steril 2021.

only based on the number of previous pregnancy losses and
maternal age, being equal in scenarios B and D

DISCUSSION

We showed that predicting the chance of a subsequent
ongoing pregnancy beyond 24 weeks of gestation in couples
with RPL becomes more accurate when, besides the conven-
tional predictors maternal age and number of previous preg-
nancy losses, more variables are incorporated into the model.
The additional predicting variables include both male and fe-
male characteristics, advocating a couple-focused rather than
a female-focused approach in RPL. However, the predictive
ability of the current model remains limited, and we empha-
size that more research is needed to develop a model that can
be used in clinical practice.

The apparent predictive performance of our final multi-
variable model in terms of the AUC was 0.66 (0.63 after inter-
nal validation with bootstrapping) compared with 0.57 for a

model restricted to the conventional predictors maternal age
and number of previous pregnancy losses. Although showing
an improvement in predictive ability, an AUC between 0.60
and 0.70 is still considered as poor to moderate performance
and indicates that the model will not successfully predict out-
comes for several couples (20). Because Brigham et al. (8) and
Lund et al. (9) did not mention any performance measures, it
was not possible to make a direct comparison with their
models. A recently published nationwide Danish cohort study
that aimed to predict the chance of subsequent live birth in the
general population on the basis of maternal age and prior
pregnancy events reported an AUC of 0.60. Both this Danish
cohort study and our study illustrate the difficulty of predict-
ing future ongoing pregnancy. This may be due to the com-
plex and largely unexplained multifactorial etiology of
(recurrent) pregnancy loss.

While we confirmed earlier findings showing that the
number of previous pregnancy losses and woman'’s age are
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Final logistic regression model for ongoing pregnancy.

Intercept and predictors B-coefficient”
Intercept 0.53
Number of previous pregnancy losses —0.16
Maternal age as restricted cubic spline®

Maternal age 0.06

Maternal age’ —0.01

Maternal age” —0.46
Maternal smoking -0.36
Maternal BMI 0.03
Paternal age -0.02
Paternal BMI —0.04
History of IVF/ICSI treatment —0.47

Odds ratio (95% CI) Pvalue
0.81(0.70-0.93) .004
1.08 (0.92-1.25) .34
0.98 (0.71-1.38) .94
0.55 (0.12-2.46) 43
0.62 (0.36-1.07) .09
1.04 (0.99-1.09) .09
0.97 (0.93-1.01) .15
0.95 (0.89-1.01) 11
0.54 (0.312-0.92) .02

Note: The predicted probability of a subsequent ongoing pregnancy can be calculated for individual couples using the formula shown in the Supplemental Data (available online). BMI = body mass

index; Cl = confidence interval; ICSI = intracytoplasmic sperm injection; IVF = in vitro fertilization.

2 Regression coefficients were multiplied with a shrinkage factor of 0.77 that was obtained from the bootstrapping procedure (described in the Materials and Methods section). §-values are ex-
ressed per 1-unit increase for continuous predictors and for the condition present (prediction value = 1) for dichotomous predictors.
Maternal age was fitted using a restricted cubic spline function with four knots placed at 25.27, 31.84, 35.94, and 40.53 years. The age variables with tick-marks (', ’) represent the new variables
created to allow for nonlinear contributions from maternal age. These coefficients cannot be interpreted on their own; the partial effect plot for maternal age is shown in Supplemental Figure 3

(available online).

du Fossé. Predicting ongoing pregnancy after RPL. Fertil Steril 2021.

prognostic variables of great importance (2, 8, 9, 18), we also
found that additional maternal variables (smoking status,
BMI) and paternal parameters (age, BMI) increased predictive
performance. Furthermore, we observed that previous IVF/
ICSI treatment lowers the predicted chance of a subsequent
ongoing pregnancy in couples with RPL. Our candidate pre-
dictors were chosen on the basis of previous epidemiologic
and basis research, and although one should be cautious
with interpreting the results of a prediction study etiologically
(7), it is likely that some of the predictors have a causal rela-
tion with the outcome.

Maternal age is strongly associated with a higher risk of
fetal aneuploidy, an established cause of pregnancy loss
(23). Advanced paternal age has been linked to increased
levels of sperm deoxyribonucleic acid (DNA) fragmentation,
which is associated with (recurrent) pregnancy loss
(13, 24, 25). Likewise, paternal obesity may cause excessive
oxidative stress and affect pregnancy outcome by damaging
DNA integrity of the spermatozoa (26). Maternal smoking is
well known to increase the risk of pregnancy complications,
including pregnancy loss (10). On the other hand, the relation
between assisted reproductive techniques, including IVF/ICSI
treatment, and an increased risk of pregnancy loss is less
straightforward. It is complex to determine whether this
increased risk can be attributed to the treatment itself,
whether it is a proxy for underlying (unidentified) patient
characteristics, or whether it is due to the fact that assisted
reproductive technology pregnancies are closely monitored
and couples with subsequent (early) pregnancy loss are
more often detected compared with couples who conceived
naturally (27). Furthermore, we observed a positive associa-
tion between increasing maternal BMI and the chance of an
ongoing pregnancy in our cohort. A previous study in couples
with unexplained RPL demonstrated a U-shaped relationship
between miscarriage rate in the subsequent pregnancy and
maternal prepregnancy BMI, with the highest risk of miscar-
riage in underweight women, followed by obese women (BMI
> 30 kg/m?) (28). Although we observed similar high risks of

pregnancy loss in underweight women with a BMI of <20 kg/
m?, in our population, the highest chance of an ongoing preg-
nancy was found in obese women. However, it should be
noted that the number of obese women in our sample was
limited and the observed BMI effect was relatively weak and
uncertain.

When developing a prediction model, it is significant to
assess the presence of nonlinear patterns between continuous
predictors and the outcome of interest (29). We found that
maternal age had a nonlinear relationship with the chance
of an ongoing pregnancy, with a negative effect starting
approximately 35 years, and we estimated this relationship
using a restricted cubic spline. A similar pattern for the
maternal age effect was observed in two prior studies
(30, 31) predicting the chances of live birth in other (large)
populations, not restricted to patients with RPL; these studies
also fitted maternal age as restricted cubic spline in their
models. However, previous prediction models for RPL handled
maternal age as a linear term, which probably differs substan-
tially from the “true” predictor-outcome relationship,
because it assumes that the effect is the same at each part
of the range of maternal age.

We believe that our study holds several strengths
compared with other prediction studies on unexplained RPL.
We followed the recommendations of the transparent reporting
of a multivariable prediction model for individual prognosis or
diagnosis for model development and reporting (14). To pre-
vent overfitting, we determined the maximum number of
candidate predictors a priori (17, 32). Furthermore, we selected
candidate predictors based on theoretical plausibility instead of
choosing predictors on the basis of the strength of their unad-
justed univariable associations with the outcome. The last
strategy is undesired because this most often leads to substan-
tial uncertainty in model structure and significant predictors
may be rejected because of nuances in the study data (29, 33,
34). We used backward elimination with the Akaike Informa-
tion Criteria for predictor selection, being a preferred method,
especially in smaller datasets (20). In addition, we performed
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A 3 pregnancy losses
Spontaneous conceptions

Age 34
BMI 25

Age 36
BMI 26

74% chance of ongoing pregnancy

78% in model of Brigham et al.

C 6 pregnancy losses
Spontaneous conceptions

1

57% chance of ongoing pregnancy

Age 28
BMI 25

Age 36
BMI 26

73% in model of Brigham et al.

Predicting ongoing pregnancy: four scenarios.
BMI = body mass index; ICSI =

B 6 pregnancy losses
Spontaneous conceptions

Age 40
BMI 25

Age 36
BMI 26

50% chance of ongoing pregnancy

50% in model of Brigham et al.

D 6 pregnancy losses
History of IVF/ICSI

Age 40
BMI 30

Age 45
BMI 30

26% chance of ongoing pregnancy

50% in model of Brigham et al.

intracytoplasmic sperm injection; IVF = in vitro fertilization.

Chances of an ongoing pregnancy of >24 weeks'’ gestation on the basis of our final prediction model, including the following variables: number of
previous pregnancy losses, maternal age (fitted as restricted cubic spline with four knots), paternal age, maternal BMI, paternal BMI, maternal
smoking status, and mode of conception. Predicted probabilities are shown for four couples and compared with the model of Brigham et al.
(8). Scenario A shows a couple with average characteristics on the basis of our population statistics, that is, with the median number of
pregnancy losses, mean ages, and BMls as shown in Table 1. In scenario B, the number of previous pregnancy losses and maternal age are
higher, whereas other characteristics are unchanged. Scenario C is similar to scenario B, except for a younger maternal age. In scenario D, the
number of pregnancy losses and the woman's age are similar to scenario B, but here, the male partner is also of advanced age, the couple has
a history of fertility treatment (IVF/ICSI), they are obese, and the woman smokes.

du Fossé. Predicting ongoing pregnancy after RPL. Fertil Steril 2021.

internal bootstrap validation and used the shrinkage factor to
adjust the regression coefficients and apparent performance
for optimism (20), which was not performed in any of the pre-
viously published prediction models for RPL. Besides these
methodological assets, we used data of a strictly defined pop-
ulation of couples with unexplained RPL, containing informa-
tion on both partners, being systematically collected during
intake consultations. Still, some missing data existed, mainly
on paternal variables. However, it was possible to impute these
data using multiple imputation. This technique takes into ac-
count statistical uncertainty in the imputed values and, if
data are missing at random, provides less biased results
compared with complete case analysis.

This study aimed to identify predictors of a subsequent
ongoing pregnancy beyond 24 weeks of gestation after
referral to the clinic. This outcome was available for the

vast majority of couples in our database, whereas the outcome
of a subsequent live birth and outcomes of later occurring
pregnancies were more often missing (because of the fact
that several women were referred back to their local hospital
or midwifery practice). Ideally, patients would like to know
their overall chances of having a future live birth. Therefore,
the ultimate model should predict the cumulative chances of
live birth within a certain time period, for instance, within 5
years after referral. This would require a prospective cohort
study with structural follow-up of couples with RPL for at
least 5 years after first consultation. Furthermore, in future
research, the effects of more potential predictors such as
alcohol consumption of both partners and level of sperm
DNA fragmentation should be evaluated, which have previ-
ously been associated with pregnancy loss but were unavai-
lable in this study. In a sufficiently large cohort including
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couples with both explained and unexplained RPL, it may also
be considered to assess identified risk factors (e.g., presence of
antithyroid peroxidase antibodies or antiphospholipid syn-
drome) as predicting variables and to assess meaningful inter-
actions between different predictors.

In conclusion, couples with RPL need something to hold
on to that helps to shape their expectations and assists in
making decisions regarding new pregnancy attempts. In addi-
tion, stratification of couples into risk groups can be used for
further in-depth personalized research, for instance, on inter-
ventions. To facilitate this, an accurate well-developed and
validated prediction model is needed. To date, such a model
is not yet available. Although we showed in this study that
we should look beyond the number of previous pregnancy
losses and maternal age and we should also consider addi-
tional predictors including male factors and lifestyle factors,
the predictive ability—and, therefore, the clinical applica-
bility—of the model is still insufficient. However, our findings
serve as a significant starting point for the development of a
new prediction tool to use in clinical practice.

m. DIALOG: You can discuss this article with its authors and

other readers at https://www.fertstertdialog.com/posts/
33224
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Hacia una prediccion mas precisa del resultado futuro de la gestacion en parejas con aborto de repeticion de origen desconocido:
considerando ambos miembros de la pareja.

Objetivo: Identificar, ademas de la edad materna y el nimero de abortos previos, las caracteristicas adicionales de parejas con abortos
de repeticion de origen desconocido (RPL) que mejoren la prediccién de un embarazo evolutivo.

Diseno: Estudio de cohortes hospitalario en parejas atendidas en unidades especializadas en RPL de dos centros académicos entre 2012
y 2020.

Entorno: Dos centros académicos en Holanda.
Paciente(s): En este estudio se utilizaron datos clinicos de 526 parejas con RPL de origen desconocido.
Intervencion(es): Ninguna.

Medida(s) de resultado principal: El modelo final para estimar la probabilidad de una gestacion evolutiva posterior se determiné uti-
lizando un proceso de seleccion hacia atras y validado internamente mediante el remuestreo de datos. El rendimiento del modelo se
evalud en términos de calibracién y discriminacion (area bajo la curva caracteristica operativa del receptor).

Resultado(s): Se consiguié una gestacion evolutiva posterior en 345 de 526 parejas (66%). Fueron predictivos del resultado: el numero
de abortos previos, la edad materna, la edad paterna, el indice de masa corporal materno, el indice de masa corporal paterno, el taba-
quismo materno y los tratamientos previos de fecundacion in vitro/inyeccién intracitoplasmatica de espermatozoides. El area bajo la
curva caracteristica operativa del receptor con correccion optimista fue de 0.63, comparada con 0.57 cuando se utilizaron solo el nimero
de abortos previos y la edad materna.

Conclusion(es): La identificacion de predictores adicionales de una gestacién evolutiva posterior tras RPL, incluyendo las caracteris-
ticas del vardn, es significativa tanto para los clinicos como para las parejas con RPL. A la vez mostramos que la capacidad predictiva del
modelo actual todavia es limitada y es necesaria mas investigacion para desarrollar un modelo que pueda ser utilizado en la practica
clinica.
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