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Abstract
Introduction: This retrospective study was conducted to perform an external validation 

of the in vitro fertilisation (IVF) predict model developed by Scott Nelson et al in an Asian 
population. Materials and Methods: All IVF cycles registered in the study centre from 
January 2005 to December 2010 were included. Observed and predicted values of at least 
1 live birth per cycle were compared by discrimination, calibration. Hosmer-Lemeshow 
test was used to assess the goodness-of-fi t of the model calibration and Brier score was 
used to assess overall model performance. Results: Among 634 IVF cycles, rate of at least 
1 live birth was 30.6%. Causes of infertility were unexplained in 35.5% cases. Fifty-seven 
percent of women came for their fi rst IVF treatment. First IVF cycle showed signifi cantly 
higher success in comparison to subsequent cycles. The odds ratio of successful live birth 
was worse in women with endometriosis. Observed outcome was found to be more than 
the prediction of the model. The area under the curve (AUC) in this study was found to be 
0.65 that was close to that of Nelson model (0.6335) done in internal validation. Brier score 
(average prediction error) of model was 0.2. Chi square goodness-of-fi t test indicated that 
there was difference between the predicted and observed value (x2 =18.28, df = 8, P = 0.019). 
Overall statistical fi ndings indicated that the accuracy of the prediction model fi tted poorly 
with the study population. Conclusion: Ovarian reserve, treatment centre and racial effect 
on predictability cannot be excluded. So it is important to make a good prediction model 
by considering the additional factors before using the model widely. 
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Introduction 
  How is the chance of having baby after in vitro 

fertilisation (IVF) is the frequently asked question since 
delivery of the fi rst test tube baby in 1978.1 Success at IVF 
is a life changing event to a couple and success depends 
on various factors.2

IVF is expensive, psychologically challenging and carries 
risks for both the mother and the child.3,4 Every couple is keen 
to know the prediction rate of having a baby from IVF.2,5 As 
the outcome of interest is binary in fertility treatment, the 
information can be expressed as probabilistic predictions.6 In 
this study, an IVF predict model prepared by Scott Nelson 

and Debbie Lawlor was used to determine the chance of a 
live birth following IVF treatment in an Asian population 
with an ethnic mixture of Chinese, Malays and Indians.

So far, the model has been found to be realistic only 
on internal validation with moderate discrimination and 
excellent calibration to predict live birth following IVF 
treatment. External validation is very important7 to evaluate 
the prediction of the model in other populations for its 
generalisability and transportability. 

This IVF Predict Calculator was developed on the basis 
of data of 144,018 cycles of IVF from 2003 to 2007 in a 
UK population.8   
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Materials and Methods 
This retrospective study included all IVF cycles (from 

retrieval of eggs after ovulation stimulation to transfer of 
fertilised eggs into the uterus) registered in the Centre for 
Assisted Reproduction (CARE), Singapore General Hospital 
(SGH), Singapore from January 2005 to December 2010.  
The cycles with incomplete information, involving donor 
eggs and embryos, frozen embryo transfer and cycles 
abandoned due to poor follicular development, ovarian hyper 
stimulation syndrome or poor fertilisation of eggs were 
excluded. Total IVF cycles in the study period were 1031. 
After excluding 397 cycles, the fi nal sample size was 634.

Main outcome measure was comparison of observed 
value and prediction value of at least 1 live birth per cycle. 
However, some other outcomes like pregnancy rate, live 
birth rate and common causes of infertility were also 
measured.  

Data were retrieved from case notes at the Medical 
Record Offi ce (MRO) of SGH. Causes of infertility 
were categorised mainly into 7 categories as in Nelson’s 
prediction model.  Male infertility was diagnosed if semen 
parameters were abnormal based on WHO criteria (WHO, 
1999). Tubal cause was considered if one or both the tubes 
were blocked, damaged or if there was a hydrosalpinx 
and were confi rmed by transcervical contrast sonography 
(TCS), hysterosalpingogram (HSG) or a laparoscopic 
chromopertubation. Anovulatory cycles were diagnosed 
by hormonal evaluation and ovulation monitoring by 
transvaginal sonography (TVS) during the menstrual cycle. 
Endometriosis was diagnosed by clinical features, ultrasound 
along with CA125 and/or laparoscopic procedure. Only 2 
IVF cycles were done for cervical cause, as postcoital test 
for the detection of sperm antibody in cervical mucus was 
not performed frequently in the study centre.

Duration of infertility was taken as the period from when 
the couple started trying for a baby till the beginning of 
an IVF cycle. For a woman who already delivered a baby 
following 1 IVF cycle and trying for a second time, the 
duration was taken as the period from which she had been 
trying for the second one.

Previous unsuccessful IVF meant the number of previous 
IVF cycles the patient had undergone without delivering a 
live baby. Number of cycles was the total number of IVF 
treatment including the present one. In this study, the term 
IVF was used when fertilisation was done only by IVF and 
the term intracytoplasmic sperm injection (ICSI) was used 
when fertilisation involved injection of a sperm into the 
oocyte cytoplasm. Clomiphene citrate was used as anti-
estrogenic drug and injectable gonadotropin drugs were 
used for ovulation induction in the study. No hormonal 
replacement therapy was considered as cases of egg donation 
were not included in the study.   

Data were analysed for cycles with complete information 
for the 9 predicting factors used by IVF Predict model and 
the outcome of live births. Univariate logistic regression 
was used to assess the association of the predictors used 
in IVF Predict model with at least 1 live birth. Odds ratio 
and its associated 95% CI of live birth was reported for 
each predictor. Since the IVF Predict model contained not 
only simple effects of potential predictors but also several 
interaction terms of 2 predictors, adjusted odds ratio for 
each single factor was not reported. The reason was that 
multivariate logistic regression done was not made up of 
simple effects alone. 

The probability of live birth per 100 cycles was given by:
        
  

Where y = -1.1774 + (age and duration effect) + (age 
and source of embryo effect) + (ICSI and cause effect) 
+ (ICSI and cycle number effect) + (previous number of 
unsuccessful IVF attempts) + (previous obstetric history 
effect) + (hormonal preparation effect). The values for the 
single factor effects and the various interaction effects were 
taken from the supporting document Text S2 of Nelson’s 
IVF Predict model.8 

External validation of IVF Predict model was evaluated 
by assessing discrimination and calibration. Hosmer-
Lemeshow test was used to assess the goodness-of-fi t of 
the model for our data. The Brier score was used to assess 
overall model performance. Statistical software, SPSS 
version 17.0 was used for all analysis. A P value of 0.05 
and less was used to denote statistical signifi cance.

Results 
Out of 634 IVF cycles, pregnancy rate was 37.4 % and 

of them, 30.6% women had at least 1 live birth. A singleton 
was delivered in 132 treatment cycles (20.8%), twins in 58 
cycles (9.1%) and triplets in 4 cycles (6%). More than half 
of the treatment cycles (51.7%) were in women between 
18 to 34 years. Forty-two percent of the couple was noted 
to seek treatment after 1 to 3 years of trying. Unexplained 
infertility (35.5%) was the commonest cause of infertility, 
low sperm count (23.5%) was the second commonest. 
Fifty-seven percent (57.4%) did not have any history of 
IVF and pregnancy.

Univariate association of the 9 predictors of the IVF 
Predict model with the live birth following treatment 
was done (Table 1). Increasing maternal age and number 
of previous unsuccessful IVF cycles were signifi cantly 
associated with low success rate in terms of live birth (P 
<0.05). Previous IVF treatment with no pregnancy was 
found to reduce the chance of live birth (OR 0.34, 95% 
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Table 1. Univariable Associations of Potential Predictors for Live Birth Following IVF (n = 634)

Characteristic Categories Number (%)
Univariate Odds 

Ratio of Live Birth 
(95% CI)

P Value*

Maternal age (years)

18 – 34 328 (51.7%) 1

<0.001

35 – 37 153 (24.1% ) 0.47 (0.30, 0.71)

38 – 39 85 (13.4%) 0.16 (0.08, 0.33)

40 – 42 50 (7.9%) 0.19 (0.06, 0.45)

43 – 44 18 (2.8%) 0.08 (0.01, 0.61)

Duration of infertility (years)

<1 13 (2.1%) 1

0.615

1 – 3 269 (42.4%) 0.69 (0.22, 2.17)

4 – 6 225 (35.5%) 0.78 (0.25, 2.48)

7 – 9 89 (14.0%) 0.70 (0.21, 2.33)

9 – 12 31 (4.9%) 0.38 (0.09, 1.60)

>12 7 (1.1%) 0.27 (0.02, 2.92)

Cause of infertility

Unknown 225 (35.5%) 1

0.054

Tubal only 84 (13.2%) 1.04 (0.60, 1.78)

Anovulatory only 40 (6.3%) 0.88 (0.41, 1.85)

Endometriosis only 84 (13.2%) 0.50 (0.27, 0.94)

Cervical only 2 (0.3%) 2.31 (0.14, 37.45)

Male only 149 (23.5%) 1.51 (0.98, 2.34)

Combination known causes 50 (7.9%) 0.90 (0.46, 1.77)

Number of previous 
unsuccessful IVF

0 485 (76.5%) 1

0.003
1 114 (18.0%) 0.48 (0.29, 0.79)

2 23 (3.6%) 0.29 (0.08, 0.98)

≥3 12 (1.9%) 0.17 (0.02, 1.35)

Mutually exclusive 
categories of previous IVF 
and obstetric history

No previous IVF, no previous pregnancy 364 (57.4%) 1

0.004

No previous IVF, at least 1 pregnancy, 0 
live births 53 (8.4%) 1.34 (0.75, 2.41)

No previous IVF, at least 1 pregnancy, at 
least 1 live birth 49 (7.7%) 0.76 (0.39, 1.46)

Previous IVF, 0 pregnancy 99 (15.6%) 0.34 (0.19, 0.61)

Previous IVF, at least 1 pregnancy, 0 live 
birth 35 (5.5%) 0.56 (0.25, 1.27)

Previous IVF, at least 1 pregnancy, at least 
1 live birth 34 (5.4%) 0.68 (0.31, 1.50)

Type of hormonal 
preparation

Antioestrogens 13 (2.1%) 1

0.106Gonadatropins 621 (97.9%) 5.41 (0.70, 1.91)

Hormone Replacement 0 (0%) -

Cycle number 1 468 (73.8%) 1

0.0022 120 (18.9%) 0.56 (0.35, 0.89)

≥3 46 (7.3%) 0.29 (0.12, 0.69)

Source of egg Donor 0 (0%) -
-

Patient 634 (100%) -

Type of treatment IVF 64 (10.1%) 1
0.208

IVF plus ICSI 570 (89.9%) 0.71 (0.41, 1.21)

IVF: In vitro fertilisation; CI: Confi dence interval; ICSI: Intra cytoplasmic sperm injection
*All P values are likelihood ratio tests of null hypothesis that the odds are the same for each category (i.e. they do not assume linearity). 
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CI, 0.19 to 0.61) compared to the category of no previous 
IVF treatment and no previous pregnancy. First IVF cycle 
showed signifi cantly more success in comparison to 2nd 

(2nd vs 1st cycle: OR 0.56 and 95% CI, 0.35% to 0.89%) 
and 3rd cycle (3rd vs 1st cycle: OR 0.29 and 95% CI, 0.12% 
to 0.69%). 

Causes of infertility trended towards signifi cance with the 
odds ratio of successful live birth being worse in women 
with endometriosis (OR 0.50, 95% CI, 0.27 to 0.94) and 
better in male cause (OR 1.51, 95% CI, 0.98 to 2.34) 
when compared with unknown cause of infertility. Use of 
gonadotropin tended to increase chance of live birth but 
statistically was not signifi cant (P = 0.106, OR 5.14, and 
95% CI, 0.70 to 1.91). Use of both ICSI and IVF did not 
show an increased chance of live birth in comparison to 
IVF only (P = 0.208).

Calibration is the degree of correspondence between the 
predicted probability of a live birth and observed proportion 
of live births. It was assessed by ranking the IVF cycles 
into deciles based on their predicted probability of live 
birth by the IVF Predict model and comparing the observed 
rate of live birth with the mean predicted rate within each 
decile. A graphical presentation of a calibration plot (Fig. 
1) and a table of ratio of predicted to observed probability 
of live birth in each decile (Table 2) were done. In Figure 
1, Nelson’s calibration curve from his original study is also 
superimposed for comparison with our external calibration 
on Singapore data.

The calibration equation was: observed probability = 
0.028 + 1.085 predicted probability.  Hosmer-Lemeshow 
chi-square goodness-of-fi t test of observed frequency 
versus expected frequency of live birth in the 10 deciles 
of predicted probability showed that the calibration with 
the IVF Predict model was not good  (x2 = 18.28, df = 8, 
P = 0.019). 

Accurate predictions can discriminate between those 
with and those without the outcome. The concordance (C) 
statistics is used to measure discriminate ability and for 
binary outcome C is identical to the area under the curve 
(AUC). The area under the receiver operating characteristics 
(ROC) curve here was found to be 0.65 (95% CI, 0.61 to 
0.70) (also see Fig. 2).

Brier score was used to quantify how close predictions are 
to the actual outcome. It is known as an average prediction 
error, was calculated as,         where y denotes 
the observed outcome of live birth (0 or 1) and p the 
prediction for the subject i in the dataset of n subjects. For 
sensible models, the Brier score ranges from 0 (perfect) to 
0.25 (non informative model).9 Brier score in this study 
was found to be 0.20, indicating that the accuracy of the 

Fig. 1. Calibration plot of observed proportion of live birth to predicted 
probability of live birth. Note: the error bars represent the 95% confi dence 
interval (CI) for observed fraction of live birth.  

Table 2. Calibration of IVF Predict Model

Tenth of the Distribution of 
Predicted Probability

Observed Live Birth Rate per 100 
Cycles of Treatment (95% CI)

Predicted Live Birth Rate per 100 
Cycles of Treatment

Ratio of Predicted to Observed 
Probability

Lowest 10th 7.94 (2.63, 17.6) 6.79 0.86

2nd 20.63 (11.47, 32.70) 13.29 0.64

3rd 31.25 (20.24, 44.06) 17.72 0.57

4th 19.05 (10.25, 30.91) 22.08 1.16

5th 21.88 (12.51, 33.97) 25.26 1.15

6th 30.16 (18.91, 42.42) 28.51 0.95

7th 36.51 (24.73, 49.60) 31.49 0.86

8th 50.69 (38.72, 62.60) 34.23 0.68

9th 48.15 (34.34, 62.16) 36.29 0.75

Highest 10th 39.68 (27.57, 52.80) 40.25 1.01

IVF: In vitro fertilisation; CI: Confi dence interval
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Fig. 2. ROC curve for IVF Predict model using Singapore data. 

prediction model was not good. 

Discussion 
There is an ongoing debate to fi nd out the best ways to 

assess the performance of a prediction model.10,11 As the 
study population was treatment cycle of IVF, calibration is 
more perfect to identify external validation of the prediction 
model than discrimination. Calibration identifi es the 
chance of pregnancy in that specifi c treatment cycle.12 A 
subfertile couple wants to know their chance for pregnancy 
(calibration) rather than to know which couple will conceive 
and which will not (discrimination).13 Assessment by 
calibration is also important if model predictions are used 
to inform patients or physicians in making decisions.6 

Discrimination is more important in diagnostic test. 
In case of perfect calibration, prediction-observation 

pairs are on the main diagonal and confi dence intervals 
are not overlapping. Figure 1 showed substantial overlap 
of the confi dence intervals of the observed probability 
for the deciles of predicted probabilities, an indication of 
poor calibration. If the points are above the diagonal line, 
it represents an underestimation of the probability of the 
pregnancy.14 In contrast, Nelson’s calibration curve showed 
good calibration of the IVF Predict model on his data.

The area under ROC curve (AUC) as shown in Figure 2 
was found to be 0.65 (95% CI, 0.61 to 0.70), and was close 
to that of IVF predict determined by internal validation of 
the model which was 0.6335 (95% CI, 0.6202 to 0.6367). 
Though the value of AUC below 0.7 is not good15 but the 
value 0.65 represents fair discrimination16 as the AUC for 
prediction models for IVF is rather low, ranging between 
0.50 and 0.67.17  Brier score was found to be 0.20, which 
indicates that the prediction model did not fi t well with the 

study population.
All 3 methods (graphical presentation of calibration plot, 

Hosmer-Lemeshow test and Brier score) for assessing 
prediction model prepared by Nelson et al suggested that 
this model is not well fi tted with the study population.

Study found observed value of pregnancy was 
underestimated by Nelson’s prediction model in most of 
the deciles. It indicated observed live birth following IVF 
treatment was more than prediction outcome in the study 
population. In the Nelson IVF prediction model, sample 
size was large and not confi ned in one centre. In this study, 
sample size was smaller, involved only one centre and there 
was little alteration of treatment and patient characteristics 
represented a homogeneous set of subjects. This may 
be an explanation of underestimation of prediction of 
this model. Other validation studies have concluded that 
differences in pregnancy outcome rate between clinics have 
important limitations for the reproducibility of prediction 
models.18 

It is assumed that there were no signifi cant differences 
in patient demographics among the 2 populations except 
age groups and the races. Nelson study included women 
up to 55 years of age whereas the current study enrolled 
women of 45 years or less in accordance with state law. 
Meanwhile women above the age of 40 years underwent 
IVF if they had good ovarian reserve. Live birth rate 
declines with increasing age2,8 probably due to decrease in 
ovarian follicle reserve as a result of diminished quantity 
and quality of oocyte.19 Though it is diffi cult to say after 
what age the rate of infertility reduces, women of 35 years 
or older experienced lower rate of success.20 Therefore in 
addition to chronological age, ovarian reserve should be 
considered for outcome of IVF. Race was probably another 
explanation of different outcome in the current study. The 
Scott Nelson model was based on Caucasian population 
whereas this study was conducted on mixed Asian population 
which may suggest there might be an effect of race on the 
success of IVF cycle. One retrospective study revealed 
that black women have lower pregnancy following IVF 
than Caucasians.21 However, another study did not fi nd any 
signifi cant differences between races.22 This study showed 
that the success rate of IVF treatment was better if the 
contributory cause of infertility was exclusively tubal which 
is similar with fi ndings of a retrospective cohort study20 
but does not correlate with Nelson’s fi nding. This could be 
explained by the fact that infertile women with tubal causes 
undergo IVF treatment at relatively younger age which 
was also evident in this study. In this series, endometriosis 
had the worst outcome following IVF treatment whereas 
infertility due to male factors showed a better outcome in 
the study population due to ICSI which has been a boon 
for male factor infertile couples.23 Infertility due to male 
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factor in the study population seemed to have better outcome 
than predictive model, probably due to liberal use of ICSI.

Factors which markedly reduced the outcome of IVF 
treatment were maternal age, duration of infertility, 
endometriosis and previous unsuccessful IVF treatments. 
Ovarian reserve which is in most cases determined by 
antral follicular count (AFC)24 and basal FSH, LH and 
estradiol level25 have a better prediction value than age. The 
study showed that a long waiting time prior to IVF had a 
detrimental effect on the outcome similar to the fi ndings 
of Nelson study.8

The external validation of IVF model given by Scott and 
Nelson in the Singaporean population has found that the 
model has limitations to predict IVF success. Therefore, it 
may be concluded that a model might have racial limitations 
in terms of success and may need to include this concern for 
its wider application. Moreover, ovarian reserve, treatment 
centre and aetiology of infertility should be considered 
for determining the IVF prediction. Hence, each region 
may need to formulate its own IVF predict model for the 
local population for a better predictive value. Variation of 
model performance is a great limitation in generalisability 
of the reproductive model. Current resources of prediction 
at success for an individual couple needs further research 
for the best prediction models.
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