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STUDY QUESTION: Can we develop an IVF prediction model to estimate individualized chances of a live birth over multiple complete
cycles of IVF in couples embarking on their second complete cycle of treatment?
SUMMARY ANSWER: Yes, our prediction model can estimate individualized chances of cumulative live birth over three additional

complete cycles of IVF.
WHAT IS KNOWN ALREADY: After the completion of a ﬁrst complete cycle of IVF, couples who are unsuccessful may choose to
undergo further treatment to have their ﬁrst child, while those who have had a live birth may decide to have more children. Existing
prediction models can estimate the overall chances of success in couples before commencing IVF but are unable to revise these chances
on the basis of the couple’s response to a ﬁrst treatment cycle in terms of the number of eggs retrieved and pregnancy outcome. This
makes it difﬁcult for couples to plan and prepare emotionally and ﬁnancially for the next step in their treatment.
STUDY DESIGN, SIZE, DURATION: For model development, a population-based cohort was used of 49 314 women who started
their second cycle of IVF including ICSI in the UK from 1999 to 2008 using their own oocytes and their partners’ sperm. External validation
was performed on data from 39 442 women who underwent their second cycle from 2010 to 2016.
PARTICIPANTS/MATERIALS, SETTING, METHODS: Data about all UK IVF treatments were obtained from the Human
Fertilisation and Embryology Authority (HFEA) database. Using a discrete time logistic regression model, we predicted the cumulative
probability of live birth from the second up to and including the fourth complete cycles of IVF. Inverse probability weighting was used to
account for treatment discontinuation. Discrimination was assessed using c-statistic and calibration was assessed using calibration-in-thelarge and calibration slope.
MAIN RESULTS AND THE ROLE OF CHANCE: Following exclusions, 49 314 women with 73 053 complete cycles were included.
12 408 (25.2%) had a live birth resulting from their second complete cycle. Cumulatively, 17 394 (35.3%) had a live birth over complete
cycles two to four. The model showed moderate discriminative ability (c-statistic: 0.65, 95% CI: 0.64 to 0.65) and evidence of overprediction (calibration-in-the-large ¼ 0.08) and overﬁtting (calibration slope 0.85, 95% CI: 0.81 to 0.88) in the validation cohort. However, after
recalibration the ﬁt was much improved. The recalibrated model identiﬁed the following key predictors of live birth: female age (38 versus
32 years—adjusted odds ratio: 0.59, 95% CI: 0.57 to 0.62), number of eggs retrieved in the ﬁrst complete cycle (12 versus 4 eggs; 1.34,
1.30 to 1.37) and outcome of the ﬁrst complete cycle (live birth versus no pregnancy; 1.78, 1.66 to 1.91; live birth versus pregnancy loss;
1.29, 1.23 to 1.36). As an example, a 32-year-old with 2 years of non-tubal infertility who had 12 eggs retrieved from her ﬁrst stimulation
and had a live birth during her ﬁrst complete cycle has a 46% chance of having a further live birth from the second complete cycle of IVF
and an 81% chance over a further three cycles.
LIMITATIONS, REASONS FOR CAUTION: The developed model was updated using validation data that was 6 to 12 years old. IVF
practice continues to evolve over time, which may affect the accuracy of predictions from the model. We were unable to adjust for some
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potentially important predictors, e.g. BMI, smoking and alcohol intake in women, as well as measures of ovarian reserve such as antral follicle count. These were not available in the linked HFEA dataset.
WIDER IMPLICATIONS OF THE FINDINGS: By appropriately adjusting for couples who discontinue treatment, our novel prediction
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Introduction
Over the last three decades, more than 30 clinical prediction models
have been developed to estimate individualized chances of IVF success
(Wiegerinck et al., 1999; Van Der Steeg et al., 2006; Ratna et al.,
2020). Conventionally reported as live birth rate in a single fresh cycle
(Abuzeid et al., 2014; Vrtacnik et al., 2014), the widespread use of embryo cryopreservation in the past two decades has meant that cumulative live birth rates (CLBRs), including outcomes following fresh as well
as frozen embryo transfers are more informative and clinically relevant
(Maheshwari et al., 2015; McLernon et al., 2016a). Two recent studies
have estimated the cumulative probability of live birth per woman following one or more treatment cycles in couples starting IVF (Luke
et al., 2014; McLernon et al., 2016b). Luke et al. (2014) estimated the
cumulative chance of live birth per woman over three fresh treatment
cycles but excluded the contribution of any subsequent frozen embryo
transfers. The McLernon (pre- and post-treatment) models predict the
cumulative probability of live birth per woman across successive complete cycles of IVF, where a complete cycle includes all fresh and
frozen-thawed embryo transfers resulting from a single episode of
ovarian stimulation. The pre-treatment model provides cumulative
predictions before the start of the first complete cycle, and the posttreatment model updates these predictions after the first fresh embryo
transfer attempt but before the transfer of all available frozen embryos
(McLernon et al., 2016b).
After an unsuccessful first complete cycle of IVF, about 40% of couples embark on a second cycle in order to have their first child
(McLernon et al., 2016b). Those who have had a live birth may decide
to have more children. At this stage, key clinical characteristics, such
as age and duration of infertility will be different from those at the start
of the first cycle and these along with a couple’s response to the first
complete cycle are likely to influence chances of live birth in the second and subsequent attempts (Malizia et al., 2013). As some couples
discontinue treatment, the change in the nature of the patient cohort
over successive complete cycles needs to be taken into account for an
accurate prediction of success.
None of the current prediction models are able to predict IVF live
birth for all women starting a second complete cycle. This is an unmet
need for many couples who want to plan and prepare emotionally and
financially for the next step in their treatment. In this study, we aimed
to derive and validate a novel prediction model that can estimate the
overall chances of a live birth in couples who have completed an IVF
cycle and are about to start a second complete cycle.

..
.. Materials and methods
..
..
.. Database
..
.. Since 1992, all licenced IVF treatments in the UK have been collected
.. by the Human Fertilisation and Embryology Authority (HFEA). A de..
.. tailed version of the HFEA database contains data on all treatment
..
.. cycles linked to women undergoing IVF treatment, which enables
.. researchers to estimate the cumulative probability of live birth per
..
.. woman. An anonymized version of this linked database was obtained
.. following approval from the North of Scotland research ethics commit..
.. tee, the Confidentiality Advisory Group and the HFEA register re.. search panel.
..
..
.. Study population
..
.. This population-based cohort study used linked data from 49 314
..
.. women who underwent ovarian stimulation for a second complete cy.. cle of IVF in the UK between January 1999 and September 2008. Data
..
.. on frozen embryo transfer episodes were extracted up until
..
.. September 2009 so that all women had a follow-up period of at least
.. 1 year after their fresh embryo transfer. A second cohort, used for ex..
.. ternal validation of the model, comprised IVF records from 39 442
.. women who had ovarian stimulation for a second complete cycle be..
.. tween January 2010 and December 2016. Frozen embryo transfer epi.. sodes connected to these stimulation episodes were included up until
..
.. December 2017. Only women whose treatment involved using their
.. own oocytes and/or their partners’ sperm were included in the study
..
.. sample, i.e. women whose treatment involved donor insemination, egg
.. donation or surrogacy were excluded. Women whose treatment
..
.. cycles were cancelled prior to eggs retrieval due to poor ovarian re.. sponse were also included in the study. If this occurred in the first
..
.. complete cycle, then the outcome was classified as ‘no pregnancy’.
..
..
.. Baseline characteristics
..
.. Couple and treatment characteristics at the commencement of the
..
.. second complete cycle, selected as the baseline parameters, included
.. woman’s age (years), duration of infertility (years), time since the first
..
.. egg retrieval (defined as difference in the date of egg retrieval between
.. the first and second complete cycles) (months), causes of infertility
..
.. (tubal, male factor, anovulation, unexplained or endometriosis), year
.. of egg retrieval and type of treatment (ICSI or IVF). The causes of in..
.. fertility were not mutually exclusive. For example, a woman diagnosed
.. with tubal and ovulatory infertility would have both causes.
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model will provide more realistic chances of live birth in couples starting a second complete cycle of IVF. Clinicians can use these predictions to inform discussion with couples who wish to plan ahead. This prediction tool will enable couples to prepare emotionally, ﬁnancially
and logistically for IVF treatment.

IVF prediction model for second complete cycle

Outcome
The primary outcome measure for this study was cumulative probability of a live birth for a couple starting their second complete cycle of
IVF. A complete cycle included a fresh embryo transfer and associated
frozen embryo transfers resulting from a single episode of ovarian
stimulation.

Statistical analysis
We developed and temporarily validated a clinical prediction model to
use before the start of a second complete cycle of treatment.
For a couple about to embark on their second complete cycle of
IVF or ICSI, we estimated the cumulative probability of live birth over
this second cycle plus the next two complete cycles using the couple
characteristics at the start of their second complete cycle, number of
eggs retrieved at the first complete cycle and outcome of the first
complete cycle.

Descriptive analysis
Descriptive statistics of the baseline characteristics of the couples and
their treatment before initiating their second complete cycle of IVF
were presented. Continuous variables with a symmetric distribution
were presented as mean (SD), whereas continuous variables with a
skewed distribution were presented as median (quartiles). All categorical variables were reported as frequency (percentage).

Model development
Initially, the linearity was examined between the following continuous
predictors and the log odds of live birth: woman’s age, duration of infertility, time interval between the first and the second egg retrievals,
treatment year and the number of eggs retrieved at the first complete
cycle. As non-linear associations were found between these continuous variables (except duration of infertility) and live birth, these were
then modelled using restricted cubic splines. To aid interpretation, effect estimates of these predictors were presented in the model for the
interquartile range (25th versus 75th centile values) (Steyerberg,
2019).
A multivariable discrete time logistic regression model was used to
predict the cumulative chance of a live birth from the second to the
fourth complete cycle of IVF. The complete cycle number was treated
as the time variable for predicting the chance of a live birth in a specific
complete cycle and was conditional on no live birth having occurred in
the previous cycle.
Based on knowledge from the existing literature, complete cycle
number, woman’s age and duration of infertility were included in the
final model and were not subjected to a variable selection process

..
.. (Van Loendersloot et al., 2010). For the remaining predictors, a man.. ual backward variable selection process was conducted where
..
.. Akaike’s Information Criteria was used to decide the best fitting
... model.
.. To estimate the cumulative predictions of live birth we used the
..
.. Inverse Probability Weighting (IPW) approach. This approach assumes
.. that women who drop out of treatment after each complete cycle
..
.. may have a different chance of a live birth compared to women who
.. continue. It attempts to recreate the data as if all couples had com..
.. pleted four complete cycles (Modest et al., 2018). A detailed descrip.. tion of the application process of IPW approach in the model is
..
.. presented in Supplementary Data S1.
..
..
.. Missing data
.. The predictor ‘duration of infertility (years)’ had some missing values.
..
.. The characteristics of couples with missing data for duration of infertil.. ity were compared to those of couples with complete data for this
..
.. predictor. A Multiple Imputation by Chained Equations (MICE) tech.. nique was performed by generating a single imputed dataset to mini..
.. mize biases and enhance statistical efficiency arising from excluding
.. women with missing predictor values (Greenland and Finkle, 1995).
..
.. This technique assumed that any missing data were missing at random
.. which means that the missing data depends on the values of the
..
.. observed predictors and treatment outcome. We had no reason to
..
.. believe that this missing data would be structurally different from the
.. observed data.
..
..
.. Internal validation
.. To assess overfitting of the model, an internal validation was carried
..
.. out using a bootstrap resampling technique. It calculated the
.. optimism-adjusted c-statistic (discrimination) and optimism-adjusted
..
.. calibration slope. For a more detailed description of this method,
.. please see Supplementary Data S1.
..
..
.. External validation
..
.. A prediction model may not perform as well in new patients as in
.. the development set (Steyerberg, 2019). To test the accuracy of the
..
.. predictions from the model, a temporal validation was performed in a
.. recent UK IVF cohort.
..
.. The predictor ‘duration of infertility (years)’ had missing values in
.. the external dataset and multiple imputation was performed to impute
..
.. values for this predictor with missing information (Sterne et al., 2009).
.. In this process, 10 imputed datasets were created. This technique as..
.. sumed that missingness was random conditional on the observed data.
..
.. Predictive performance The predictive performance of the model was
.. evaluated in terms of discrimination and calibration. Discrimination
..
.. assesses the ability of the model to accurately distinguish between
..
.. women who achieved a live birth and those who did not (Moons
.. et al., 2012). To measure model discrimination, the area under the re..
.. ceiver operating characteristic curve, also known as the c-statistic, was
.. calculated which ranges from 0.5 to 1. A c-statistic of 1 implies perfect
..
.. discrimination, whereas a c-statistic of 0.5 indicates that the model
.. does not discriminate at all (Hanley and McNeil, 1982). In this study,
..
.. the c-statistic (and 95% CI) was calculated using the methods sug.. gested by Harrell et al. (1996).
..
.. To assess the degree of agreement between the observed live birth
.. and predicted probability of a live birth from the model, calibration
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Information on response to the first complete cycle included number
of eggs retrieved and pregnancy outcome (no pregnancy, live birth,
pregnancy loss). Women who had an ectopic pregnancy, biochemical
pregnancy, miscarriage, molar pregnancy, termination, still birth or embryo reduction following the first complete cycle were included in the
‘pregnancy loss’ outcome category. If a woman had a pregnancy loss
and a live birth following two or more embryo transfers in the first
complete cycle, then we took ‘live birth’ as the outcome. The HFEA
routinely collects information submitted by all licenced UK fertility clinics about their patients, treatments and outcomes.
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Recalibrating the model As the model demonstrated poor calibration in
the validation cohort, to improve performance, the model was recalibrated (Karp et al., 2004; Toll et al., 2008). This was performed on
the first imputed dataset (as represents to all other datasets) using the
logistic recalibration method (adjustment of the intercept and the regression coefficients using the calibration intercept and calibration
slope respectively). Please see Supplementary Data S1 for a detailed
description of method.
All statistical analyses were conducted using the software STATA
version 16.

Patient involvement
In setting the research question or the outcome measures, or even in
developing plans for design or implementation of the study, no patients
were involved. No patients were asked to advise on interpretation or
writing up of results of the study. We have plan to disseminate the
results of this research study to patients affected by fertility issues via
national fertility charities and the HFEA.

Results
After completing the first cycle of IVF/ICSI, 49 314 (43%) of the
113 870 women (73 053 of the 184 269 cycles) commenced a second
complete cycle of treatment between January 1999 and September
2008 (see Supplementary Fig. S1).

Baseline characteristics at the start of the
second IVF/ICSI cycle
The overall individual and treatment characteristics of the 49 314 couples recorded at the beginning of their second complete cycle are presented in Table I. The mean (SD) age of women who started a
second complete cycle was 35 years (4.4). The median (quartiles) duration of infertility for the cohort was 5 years (3, 7). The median time
interval between the first and second egg retrievals was 6 months
(quartiles 4, 12). The majority of couples was diagnosed with male factor infertility (44.9%). The median number of eggs collected at the
start of the first ovarian stimulation was 8 (quartiles 4, 12). Of those
couples who commenced the second complete cycle of IVF, 80%
did not get pregnant in their first complete cycle, 12% experienced

..
.. pregnancy loss and 8% had a live birth resulting from their initial com.. plete cycle of IVF treatment.
..
.. In the development cohort, data on duration of infertility were miss... ing for 10.6% women. The distribution of baseline characteristics (at
.. the start of the second complete cycle) between individuals with com..
.. plete and incomplete data are presented in Supplementary Table SI.
..
..
.. Predicting the cumulative chances of live
..
.. birth
..
.. Unadjusted associations between the probability of live birth and
.. woman’s age, duration of infertility, treatment year, time interval of
..
.. egg retrieval between the first and second complete cycles and the
.. number of eggs retrieved at the first complete cycle are presented in
..
.. Fig. 1. For women starting their second cycle, the chances of having
..
.. a live birth declined after age 32. A negative linear association was
.. found between the probability of live birth and duration of infertility.
..
.. The probability of live birth increased with increasing time since first
.. egg retrieval and increasing number of eggs collected at the first
..
.. complete cycle in a non-linear manner. The probability of live birth
.. also increased for those starting treatment from 2004.
..
.. The predictive factors of the cumulative chance of a live birth from
.. the second up to the fourth complete cycles were woman’s age, dura..
.. tion of infertility, year of starting the second complete cycle of IVF,
.. type of treatment, tubal infertility, number of eggs retrieved and out..
.. come of the first complete cycle (Table II, Supplementary Table SII,
..
.. and Supplementary Data S2). Complete cycle number, woman’s age,
.. duration of infertility and tubal infertility were all shown to be nega..
.. tively associated with live birth. Compared to a second complete cycle
.. of IVF, the odds of live birth were 17% lower after a third and 31%
..
.. lower after a fourth complete cycle (Table II). The odds of a live birth
.. were 46% lower in women aged 38 years compared to those aged
..
.. 32 years (odds ratio (OR): 0.54, 95% CI: 0.51 to 0.57). Increasing du.. ration of infertility (7 versus 3 years, OR: 0.89, 95% CI: 0.87 to 0.92)
..
.. and a diagnosis of tubal infertility (OR: 0.90, 95% CI: 0.86 to 0.94)
.. also reduced the odds of a live birth.
..
.. Predictors shown to be positively associated with live birth were a
.. positive outcome in the first complete cycle, year of starting the sec..
.. ond complete cycle and the number of eggs retrieved in the first com..
.. plete cycle. A live birth in the first complete cycle doubles the odds of
.. a live birth (OR: 1.97, 95% CI: 1.82 to 2.14), while a pregnancy loss in
..
.. a first complete cycle was associated with 35% higher odds of a live
.. birth compared to no pregnancy (OR: 1.35, 95% CI: 1.28 to 1.43). A
..
.. higher number of eggs retrieved at the first complete cycle also in.. creased the odds of treatment success (12 versus 4 eggs, OR: 1.41,
..
.. 95% CI 1.36 to 1.45). The ‘time interval of egg retrieval between the
.. first and second complete cycle’ was not shown to be statistically sig..
.. nificant predictor of live birth.
.. Type of infertility (primary versus secondary) was considered as a
..
.. potential predictor of live birth. However, it was not included in the fi..
.. nal model as the variable did not have any significant association with
.. live birth when it was included in the manual backward selection
..
.. process.
..
.. Assessing predictive ability of the model
..
.. In the development cohort, the optimism-adjusted c-statistic and cali.. bration slope of the model were 0.66 (95% CI: 0.65 to 0.67) and
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was used (van Calster et al., 2019). Calibration can be evaluated by
several techniques, such as, calibration-in-the-large, calibration slope
and calibration plot. In accordance with the original formula, for the
calibration plot, we used the weighted observed CLBR against the
weighted predicted probability of live birth and the weights were recalculated by a newly fitted model in the validation cohort. For perfect
calibration, the calibration slope and calibration intercept should be 1
and 0, respectively and the calibration plot shows a diagonal line.
Please see Supplementary Data S1 for a detailed description of all calibration techniques used in the study.
The c-statistic, calibration-in-the-large and calibration slope of the
model were calculated separately for each of the 10 imputed datasets
and separate results were pooled using Rubin’s rule (Rubin, 2004).
However, for the calibration plot, only the first imputed dataset was
used as representative of the other nine datasets.
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Table I Baseline characteristics of couples’ and treatment at the start of their second complete cycle of IVF or ICSI in the
development and validation cohorts.
Characteristics (Couple), n (%) unless
otherwise stated

Validation cohort
(HFEA 2010–2016)

Number of couples, n

49 314

39 442

Number of complete cycles, n

73 053

55 673

35.0 (4.4)

35.6 (4.1)

5 (3–7)

9 (7–11)

5206 (10.6)

37 306 (95)a

6 (4–12)

9 (5–24)

11 298 (22.9)

6112 (15.5)

............................................................................................................................................................................................................................

Woman’s age (year), mean (SD)
Duration of infertility (year), median (quartiles)
Missing
Time interval between the ﬁrst and second
egg retrievals (months), median (quartiles)
Causes of infertility
Tubal
Anovulatory

6456 (13.1)

4487 (11.4)

Male factor

22 163 (44.9)

16 318 (41.4)

Unexplained

13 727 (27.8)

11 707 (29.7)

Endometriosis

3215 (6.5)

2939 (7.5)

More than one

7565 (15.3)

4780 (12.1)

1999–2001

9661 (19.6)

NA

2002–2004

16 364 (33.2)

NA

2005–2008

23 289 (47.2)

NA

IVF

24 739 (50.2)

15 684 (39.8)

ICSI

24 575 (49.8)

23 757 (60.2)

8 (4–12)

9 (5–13)

Year of second complete cycle started

Type of treatment

Number of eggs retrieved at the ﬁrst
complete cycle, median (quartiles)
Outcome of ﬁrst complete cycle
Live birth

3931 (8.0)

4896 (12.4)

Pregnancy loss

5970 (12.1)

6181 (15.7)

No pregnancy

39 413 (79.9)

28 365 (71.9)

a
Eighty-three percent of women had missing duration of infertility in 2010, increasing to almost 100% in 2017 and in total, 95% of women had missing duration of infertility. HFEA,
Human Fertilisation and Embryology Authority.

0.997 (95% CI: 0.97 to 1.04) respectively suggesting moderate discrimination and good calibration. The calibration slope was almost one suggesting no overfitting of the predictor effects of the model.

External validation
For temporal external validation of the model, data were collected
from 39 442 women who underwent 55 673 treatment cycles in UK
IVF clinics from 2010 to 2016 (see Supplementary Fig. S2). Baseline
characteristics of couples and their treatment at the beginning of second complete cycle for the HFEA 2010–2016 cohort are summarized
in Table I.
Women included in the validation cohort were 1 year older on average than women in the development sample and had a longer average duration of infertility (Table I). The two predictors ‘outcome of
first complete cycle’ and ‘causes of infertility’ showed similar distributions across both cohorts. More women underwent ICSI in the validation cohort (60% versus 50%).

.. Approximately 83% of women in 2010 had missing data on duration
..
.. of infertility, with this missingness increasing to almost 100% in 2017.
..
.. Since this variable was mostly complete from 1999 to 2007, data from
.. this time period were used to impute missing values. Multiple imputa..
.. tion of missing data was performed to increase the power of the study
.. by allowing us to include women who would have been excluded
..
.. otherwise. Before imputation, it has been checked that the continuous
.. predictor ‘duration of infertility’ was approximately normally
..
.. distributed.
..
.. Assessing predictive ability of the model in an external population
..
.. In the validation cohort, the pooled c-statistic, calibration-in-the-large
..
.. and calibration slope of the original model were 0.65 (95% CI: 0.64 to
.. 0.65), 0.08 and 0.85 (95% CI: 0.81 to 0.88) respectively (see
..
.. Supplementary Table SIII). The calibration-in-the-large demonstrates
.. that the model systematically over predicted live birth and the average
..
.. overestimation of prediction of the model was 0.08. And the calibra.. tion slope suggests that the original regression coefficient estimates of
..
. the model were too large, resulting in extreme predictions for new
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Development cohort
(HFEA 1999–2008)
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patients (an over-optimism of around 15%, e.g. low chances of live
birth calculated by the model are too low and high probabilities are
too high compared with the observed live birth rates).
Figure 2a shows the calibration plot performed on the first imputed
dataset (representative of all 10 imputations) depicting the observed
cumulative live birth in the validation cohort versus the cumulative predicted probability of live birth from the model applied to the validation
cohort (see Supplementary Table SIII). The calibration plot of the
model has a calibration intercept of 0.22 (95% CI: 0.26 to 0.19)
and a calibration slope of 0.85 (95% CI: 0.81 to 0.88). This plot confirms that the model systematically overestimated the CLBR over
three cycles of IVF in the last four deciles of risk. This is seen where
the data points are plotted below the reference line. However, the
model appears to have estimated probabilities in the rest of the deciles
correctly as can be seen by the CIs overlapping the reference line.
To improve calibration, the model was recalibrated by subtracting
the calibration intercept of 0.22 and by multiplying the regression coefficients of the original IPW model with the calibration slope of 0.85

.. (see Supplementary Data S1 and S3; Fig. 2b). The recalibrated regres..
.. sion coefficients are presented in Supplementary Table S2.
..
..
.. Examples of predicting cumulative live birth using the recalibrated
.. model for specific couples
..
.. Figure 3 presents an example of cumulative live birth predictions from
.. the recalibrated model for different case scenarios. This shows the cu..
.. mulative predicted probabilities of live birth over three complete cycles
.. (from the second up to the fourth complete cycle) of IVF for women
... aged 32 and 40 with either 2 or 5 years of infertility, tubal infertility or
..
.. not, and 4 or 12 eggs retrieved. The predicted probabilities are
..
.. presented for each of the three outcome groups of the first complete
.. cycle (live birth, pregnancy loss and no pregnancy).
..
.. The cumulative probabilities of live birth are higher in couples who
.. had a live birth in their first complete cycle compared to those who
..
.. experienced pregnancy loss or had no pregnancy. Again, younger
.. women across all three groups have a much higher chance of success
..
. than their older counterparts. The predicted probability of a live birth
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Figure 1. Graphs showing unadjusted (univariable) association between the following continuous baseline variables and a live
birth in the second complete cycle of IVF. (a) woman’s age (years), (b) duration of infertility (years), (c) year of second complete cycle started,
(d) number of eggs retrieved at the ﬁrst complete cycle and (e) time interval (months) between egg retrievals in the ﬁrst and second complete cycles.
Each panel depicts the probability of live birth (solid curve) with 95% CIs as a function of the baseline variable.
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Table II Effect of each predictor on live birth over multiple cycles of IVF adjusted for couples’ and treatment characteristics at the beginning of second complete cycle
based on the Inverse Probability Weighting approach.
Odds ratios
(95% CI)

......................................................................................................
Intercept
Complete cycle number
2

1

3

0.83 (0.79 to 0.87)

4

0.69 (0.65 to 0.74)

Woman’s age*
38 versus 32 years

0.54 (0.51 to 0.57)

Duration of infertility (years)
7 versus 3 years

0.89 (0.87 to 0.92)

Time interval of egg retrieval between
the ﬁrst and second complete cycle (months)*
11 versus 4 months

0.96 (0.93 to 1.00)

Outcome of ﬁrst complete cycle
Live birth versus no pregnancy

1.97 (1.82 to 2.14)

Pregnancy loss versus no pregnancy

1.35 (1.28 to 1.43)

Tubal infertility
Yes versus no

0.90 (0.86 to 0.94)

Year of second complete cycle started*
2006 versus 2002

1.18 (1.15 to 1.22)

Type of treatment
ICSI versus IVF

1.05 (1.01 to 1.09)

Number of eggs retrieved at the
ﬁrst complete cycle*
12 versus 4

1.41 (1.36 to 1.45)

*To aid interpretation of continuous predictors such as woman’s age, duration of infertility, time interval of egg retrieval between the ﬁrst and second complete cycle and
year of second complete cycle started, interquartile odds ratio was calculated. It is deﬁned as the ratio of the odds of a live birth for the 75th centile and the odds of a live
birth for the 25th centile of the predictor.

for a woman with the most favourable characteristics: 32 years old,
2 years non-tubal infertility, 12 eggs collected at the first ovarian stimulation, and a live born baby in the first complete cycle, is 46% in the
second cycle, cumulatively increasing to 81% over three further complete cycles of IVF. In contrast, for women in the same group (live
birth) with poorer prognosis, e.g. a woman aged 40 with 5 years tubal
infertility and with only 4 eggs collected at her first ovarian stimulation—the predicted probabilities are 18% and 41%, respectively using
the recalibrated model.
Couples with the same characteristics who either had a pregnancy
loss or no pregnancy at all in their first complete cycle of IVF have
lower cumulative predictions than those who had a live birth. For example, for a woman with a good prognosis (age 32, 2 years infertility,
no tubal infertility and 12 eggs retrieved) who experienced pregnancy
loss in the first complete cycle, the probability of a live birth after the
second complete cycle is 38%, increasing cumulatively to 72% over
four complete cycles. For a woman sharing the same characteristics
but who did not get pregnant at the first complete cycle, these
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Predictors

..
.. chances are 32% and 64%, respectively. The lowest chances of live
.. birth are predicted for a woman who is aged 40 years, with 5 years
..
.. tubal infertility, had 4 eggs retrieved at the first complete cycle, and
... did not get pregnant during the first complete cycle. Her predicted
.. probability of live birth is 11% after the second and 26% over four
..
.. complete cycles using the recalibrated model. See Supplementary Data
.. S2 and S3 for the formula used to calculate the individualized cumula..
.. tive predictions.
..
..
..
..
.. Discussion
..
..
.. Main findings
..
.. Our IVF prediction model can estimate the individualized cumulative
..
.. chance of live birth over multiple complete cycles for a woman who is
.. about to commence her second complete cycle of IVF or ICSI. Our
..
.. findings show that woman’s age, the outcome of the first complete cy.. cle (live birth, pregnancy loss and no pregnancy), and the number of
..
.. eggs collected at the first complete cycle are the most significant pre.. dictors of subsequent live birth. For example, higher cumulative proba..
.. bilities of live birth were noted in women who had a live birth in their
..
.. first complete cycle, compared to those who suffered a pregnancy loss
.. or who had no pregnancy. The model was externally validated using a
..
.. recent extract of the HFEA data. After updating, the model had good
.. calibration and moderate discrimination in the validation dataset,
..
.. meaning it could be used in clinical practice in the UK now. This study
.. was conducted and reported in line with TRIPOD guidelines to ensure
..
.. transparency and quality (Collins et al., 2015).
..
..
.. Strengths and weaknesses of the study
..
.. The main strength of this study is its novelty and practical implications
..
.. for clinical practice. To date, this is the first model that can predict the
.. cumulative chances of live birth in all couples who have finished one
..
.. full cycle of IVF or ICSI and are about to begin their second complete
.. cycle. A recent USA-based prediction model is able to predict live
..
.. birth in women starting a second complete cycle but only in women
.. whose first complete cycle was unsuccessful, and it has not been vali..
.. dated on UK data (McLernon et al., 2022). However, our model is ap..
.. plicable to all women starting a second complete cycle and takes
.. account of the outcome of the first complete cycle. This addresses a
..
.. key unmet need in terms of informing couples of their likely chances
.. of future IVF success after an initial failed cycle of IVF or ICSI in terms
..
.. of either a pregnancy loss or not becoming pregnant at all. Further, it
.. addresses an unmet need with respect to informing couples who have
..
.. had a successful first complete cycle of IVF and who wish to further
.. expand their family (Malchau et al., 2017; Paul et al., 2020).
..
.. A further strength of this study is that the prediction model consid.. ered an IPW method for handling the optimistic assumption of time..
.. to-event models that women who discontinue treatment at different
..
.. cycles still have the same chance of live birth as those who continue
.. treatment. By this method, the model was weighted to account for a
..
.. different probability of live birth among those who discontinue treat.. ment. As a result, the model provides more realistic prediction esti..
.. mates of the individualized chance of a live birth over multiple
.. complete cycles of treatment.
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Upon external validation, the reported c-statistic for the model
[0.65 (95% CI: 0.64 to 0.65)] suggested moderate discrimination. In
general, the c-index for prediction models in reproductive medicine
is rather low due to the homogeneity of the study population (e.g.,
infertile women of reproductive age) (Coppus et al., 2009). To improve calibration, the model was updated. The recalibrated model
offers couples individualized predictions of live birth over multiple
complete cycles of IVF before embarking on their second complete
cycle.
This study has some limitations. For developing the model, 14- to
23-year-old data were used and for validating about 6 to 12 years old
data were used. Although the model was updated using this latter
dataset, IVF practice continues to evolve over time, which may affect
the accuracy of the model. Due to the limited availability of covariate
information in the HFEA dataset, the model was not adjusted for
some potentially important predictors. These factors include BMI of
the women, paternal age, smoking and alcohol intake of the couples,
ethnicity and measures of ovarian reserve, such as antral follicle count
(Joesbury et al., 1998; Soares and Melo, 2008; Rossi et al., 2011;
Marsidi et al., 2021). However, as these measures are often selfreported, there is a possibility that their inclusion may not have necessarily resulted in more reliable estimates (Boniface et al., 2014).
For model development, multiple imputation was performed with
one dataset. This is because internal validation using the bootstrap
resampling technique, which is the recommended approach to assess

..
.. model performance, is still an under-researched area in the presence
.. of multiply imputed datasets (Bartlett and Hughes, 2020). However,
..
.. as the dataset used for developing the models was very large and
.. the amount of missing data was relatively low, the risk of underestima..
.. tion of the uncertainty associated with imputed values was assumed to
.. be low.
..
.. Duration of infertility had a high proportion of missing data in the
.. validation cohort due to a policy of not collecting this information by
..
.. the HFEA from October 2007. In order to increase statistical power
.. and adjust for any biases caused by excluding women with missing in..
.. formation, multiple imputation was performed assuming that the miss.. ingness was random and conditional on the observed data (Sterne
..
.. et al., 2009; Enders, 2010; White et al., 2011; Van Ginkel, 2020).
..
.. However, since the variable was consistently recorded between 1998
.. and 2007, we were able to impute the missing values using all patient
..
.. data from this time period.
...
.. Interpretation of findings in context of the
..
.. existing literature
..
.. The model developed in the study expands on the current literature
..
.. and extends the use of clinical prediction models in IVF or ICSI treat.. ment. Unlike current prediction models, this novel model is able to
..
.. predict the cumulative chances of live birth over multiple complete
.. cycles of IVF in couples who are about to start their second complete
..
. cycle of IVF or ICSI (McLernon et al., 2016b).
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Figure 2. Calibration plots of the association between the predicted and observed cumulative live birth over three IVF/ICSI
cycles. Plots illustrate calibration following application of the: (a) original model to the validation cohort and (b) recalibrated model (after readjusting
the intercept and slope) to the validation cohort.
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outcome groups of ﬁrst complete cycle. CLBR, cumulative live birth rate.

This new model developed extends the suite of models developed
by McLernon et al., 2016b which provided predictions for couples
about to start their first complete cycle of IVF. It will be added to the
online OPIS calculator in due course (https://w3.abdn.ac.uk/clsm/
opis/) and will be called ‘OPIS-2’. The model uses further information,
such as outcome of the first complete cycle and the number of eggs
collected at the first complete cycle, to further improve predictions.
The inclusion of the variable ‘outcome of the first complete cycle’ is
especially important as it is considered one of the strongest predictors
of the model. The model identified that along with woman’s age and
duration of infertility, treatment outcomes of the first complete cycle
and the number of eggs collected at the first complete cycle are significantly positively associated with the chance of having a live birth after
a second complete cycle. Tubal infertility and the time interval between the first and second complete cycle were also shown to be
negatively associated with the chance of a live birth. These findings
agree with those of previous studies (Reichman et al., 2013; Cameron
et al., 2017; Paul, 2020). A possible cause is the prejudicial effect of
tubal pathology—especially hydrosalpinges—on IVF success and the
beneficial effect of salpingectomy (Melo et al., 2020).
The effect estimates of these key prognostic factors of live birth are
realistic. This is because the model was weighted accounting for
women who drop-out of treatment assuming that the drop-out
women could have had a different chance of live birth as compared to
women who continued treatment. Predictions from the model that do
not account for women who drop out of treatment are too optimistic.

.. Almost all existing previous models were developed considering the
..
.. conventional optimistic assumptions which resulted in over optimistic
..
.. predictions (Malizia et al., 2009).
..
..
.. Clinical importance
..
.. Since IVF or ICSI treatment success is generally well below 50% per
.. complete cycle, most couples undertake multiple complete cycles,
..
.. with many discontinuing treatment before having a baby (Gameiro
..
.. et al., 2012). This is the first model to predict individualized chances of
.. live birth from the second up to the fourth complete cycle of IVF, ac..
.. counting for couples who discontinue treatment at different treatment
.. cycles. These predictions are relevant not only for individual couples
..
.. and their clinicians but also for funders and policy makers in determin..
.. ing access to state or insurance funded IVF (National Institute for
.. Health and Care Excellence, 2018).
..
.. According to the National Institute for Health and Care Excellence
.. (NICE) guidelines, women in the UK who are under 40 years old
..
.. should be offered three complete cycles of IVF treatment by the
.. National Health Service (NHS) if: (i) they have been trying to conceive
..
.. through regular unprotected intercourse for 2 years, or (ii) they have
..
.. not been able to conceive after 12 cycles of artificial insemination.
.. During the treatment, if a woman reaches the age of 40 the current
..
.. cycle should be completed but no further cycles should be offered
.. (National Institute for Health and Care Excellence, 2018). In reality,
..
. the local Clinical Commissioning Groups (CCGs) across the UK make
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Figure 3. Examples of the recalibrated model predicting CLBR from the second to the fourth complete cycle of IVF by three
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Further research
Since IVF or ICSI treatment practice and policy vary across countries,
the geographical external validation of the model using national registry
data from other countries would be a useful future research project.
Moreover, the model provides more accurate predictions by accounting for women who discontinue treatment at different cycles. Reasons
for discontinuing treatment are likely to be varied. They may include
women discontinuing treatment due to: ‘poor prognosis’ (i.e. women
who do not have the biological ability to conceive), lack of funds, separation from their partner or having a live birth at the previous cycle.
Understanding and collecting information on the reasons for discontinuation of treatment and loss to follow-up is important and should be
included in future data collections to improve predictions.

Conclusion
We have developed a novel clinical prediction model that can estimate
individualized cumulative chances of live birth in couples starting a second complete cycle of IVF. Woman’s age, duration of infertility, treatment outcome of the first complete cycle and number of eggs
collected in the first complete cycle were shown to be important predictors of subsequent live birth. Use of this model will address an
unmet need in terms of informing couples of their likely chances of future IVF success after completion of an initial IVF cycle.

Supplementary data
Supplementary data are available at Human Reproduction online.
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