
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Intrauterine insemination: Fine-tuning a treatment

Custers, I.M.

Publication date
2013

Link to publication

Citation for published version (APA):
Custers, I. M. (2013). Intrauterine insemination: Fine-tuning a treatment. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/intrauterine-insemination-finetuning-a-treatment(2c292180-f258-4542-b4ae-b2fe0c414444).html


External validation of a prediction model 
for an ongoing pregnancy after intrauterine 
insemination

Inge M. Custers, Pieternel Steures, Jan Willem van der Steeg, 

Thierry J.H.M. van Dessel, Rob E. Bernardus, Petra Bourdrez, Carolien A.M. Koks, 

Wernard J. Riedijk, Jan M. Burggraaff, Fulco van der Veen and Ben W.J. Mol

Fertility and Sterility 2007; 88:425-31

2Chapter

proefschrift.indb   19 21-2-2013   16:14:19



20

ABSTRACT

Objective: To assess the accuracy of our recently developed prediction model in a 

prospective validation study to predict the outcome of intrauterine insemination (IUI).

Design: Descriptive prospective validation study. 

Setting: Seven fertility centres in the Netherlands.

Patient(s): Couples treated with IUI of whom the female partner had a regular cycle.

Intervention(s): Intrauterine insemination with or without controlled ovarian hyperstimulation.

Main Outcome Measure(s): Ongoing pregnancy after intrauterine insemination. 

Performance of the prediction model was assessed with calibration and discriminative 

capacity. Calibration was assessed by comparing the predicted ongoing pregnancy rate 

with the observed ongoing pregnancy rate. Discriminative capacity was assessed with 

receiver operation characteristic (ROC) analysis. For daily practice, a score worksheet of the 

validated model was developed to estimate the chance of an ongoing pregnancy after IUI 

per treatment cycle.

Result(s): We included 1,079 subfertile couples who underwent 4,244 cycles of IUI. There 

were 278 ongoing pregnancies, that is, an ongoing pregnancy rate of 6.6% per cycle. 

External validation of the model showed good calibration. The predicted probability never 

differed by more than 1.5% of the mean observed probability.

The area under the ROC curve was 0.56 (95% confidence interval, 0.53–0.59) at external 

validation. 

Conclusion(s): The prediction model was able to make a good distinction between 

couples with a good pregnancy chance and those with a poor pregnancy chance after IUI. 

This model can help in deciding which couples will benefit from IUI and which couples will 

not. 
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INTRODUCTION

Intrauterine insemination (IUI) is an established treatment for subfertility due to cervical 

factor, male factor, or unexplained etiology.1-3 To make a rational choice between IUI 

and other treatment options, accurate information on the expected ongoing pregnancy 

chance after treatment is therefore very important.

At present, several prediction models are available to calculate the chance of an ongoing 

pregnancy. For spontaneous pregnancy the model of Hunault et al. makes it possible 

to predict the chance of a treatment-independent ongoing pregnancy.4 Templeton et 

al. developed a model to predict the probability of a pregnancy after IVF treatment.5 

Steures et al. developed a model for the prediction of ongoing pregnancy after IUI.6 

Since a model tends to perform better in the population in which it has been constructed, 

external validation is a crucial step before the model can be used in daily practice.7 Both 

the model of Hunault et al. and the model of Templeton et al. have been validated.8,9 For 

the prediction model for IUI there has so far been no external validation. The aim of this 

study was therefore to validate the IUI prediction model with prospectively collected data 

from an external population. 

MATERIALS AND METHODS

Patients

From January 2000 to October 2005, consecutive subfertile couples undergoing IUI were 

included in this study. Data were collected from seven fertility centers in the Netherlands: 

Academic Medical Center, Amsterdam; TweeSteden Ziekenhuis, Tilburg; Gooi-Noord 

Ziekenhuis, Blaricum; Vie Curi Medical Center, Venlo; Zaans Medical Center, Zaandam; 

Scheper Ziekenhuis, Emmen; and Maxima Medical Center, Veldhoven. The local ethics 

committee of each participating center gave institutional review board approval for this 

study. All couples had been trying to conceive for at least 12 months and underwent a 

basic fertility workup according to

the guidelines of the Dutch Society of Obstetrics and Gynecology.10 The basic fertility 

workup consisted of a medical and a fertility history, assessment of ovulation, semen 

analysis, postcoital test (PCT), and an assessment of the fallopian tubes. If the woman was 

ovulatory, which was confirmed by ultrasound, basal body temperature, and/or midluteal 

serum P, and had at least one patent tube as assessed by hysterosalpingography and/

or laparoscopy, the couple was included in the study. If abnormalities were seen during 

hysterosalpingography, laparoscopy was performed to rule out tubal pathology. Only in 

these women was endometriosis assessed. The couples that received IUI were diagnosed 

with either male factor subfertility, cervical factor, or unexplained subfertility. Male factor 

subfertility was defined according to World Health Organization criteria: semen volume 

≤2.0 mL, pH≤7.2, concentration ≤20 million/mL, progressive motile spermatozoa within 1 
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hour of ejaculation ≤50%, normal morphology of spermatozoa ≤15%, or sperm antibodies 

≥50% resulted in a diagnosis of male factor subfertility.11 Cervical factor subfertility 

was diagnosed by means of at least one well-timed PCT in which no progressive motile 

spermatozoa were seen in five high-power fields at a magnification of 400 X. If timing of 

the PCT was based on the basal body temperature curve, the PCT was timed 1 day before 

expected ovulation. If timing was based on ultrasound, the PCT was planned when the 

dominant follicle was at least 18mm in diameter. A cervical factor was only diagnosed if the 

total motile count of the semen analysis was at least 10 million. Unexplained subfertility was 

defined as subfertility without any demonstrable cause. For each treated couple, maternal 

age, duration of subfertility, primary or secondary subfertility, number of cycles, presence 

of male or cervical factor, presence of one-sided tubal pathology, uterine anomalies, and 

endometriosis were registered. The use and type of ovarian hyperstimulation was also 

documented. 

IUI Protocol

Intrauterine insemination was performed with or without controlled ovarian 

hyperstimulation (COH). In case IUI was performed without COH, ovulation detection 

was performed with urine LH tests (a semiquantitative monoclonal antibody-based kit, 

OvuQuick, Quid San Diego) with a detection level of 40 IU, or by transvaginal ultrasound. 

When LH tests were used for ovulation detection, patients tested their urine samples once 

or twice a day, starting on an individually determined cycle day. Women were inseminated 

20–30 hours after the endogenous LH surge had been detected in the urine sample. In the 

event of follicular growth monitoring by transvaginal ultrasound, hCG (Pregnyl, Organon, 

Oss, the Netherlands) was administered when a follicle had a diameter of at least 16 mm. 

Women were inseminated 36–40 hours later. In both cases, a suspension of processed 

spermatozoa was introduced into the uterine cavity with a catheter of 10 cm in length 

(International Medical, Zutphen, the Netherlands). Controlled ovarian hyperstimulation was 

performed to achieve the growth of two or three dominant follicles before administration 

of hCG; COH was performed with hMG, recombinant FSH, or clomiphene citrate. When 

at least one follicle with a diameter of 16 mm was seen during ultrasound monitoring, 

hCG was given. The administration of hCG was withheld and IUI was cancelled in the 

stimulation protocols when more than three follicles with a diameter of at least 16 mm or 

more than four follicles with a diameter of at least 14 mm were present.

Semen Preparation

Semen samples were processed within 1 hour after ejaculation, using a density gradient 

centrifugation followed by a washing step with culture medium. The volume of semen that 

was inseminated varied between 0.2 and 1.0 mL.
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Data Analysis

The primary endpoint was ongoing pregnancy, which was defined as the presence of fetal 

cardiac activity seen at transvaginal ultrasound at a gestational age of at least 10 weeks. 

Twin pregnancies and high-order multiple pregnancies were also registered. 

The analysis was done at cycle level, that is, each cycle was considered as a separate unit 

of analysis. The probability of an ongoing pregnancy after IUI was calculated for all IUI 

cycles according to the formula given in the IUI prediction model (see Appendix). 

Calibration and discriminative capacity of the model were evaluated. Calibration was 

evaluated by comparing the agreement between the predicted ongoing pregnancy chance 

and the mean observed ongoing pregnancy rate. The predicted and the observed fraction 

were plotted in a calibration plot. In this plot, the association between the predicted 

pregnancy chance and the observed pregnancy chance is shown. In the ideal situation, 

all points are situated on the line that describes x=y (the predicted chance is the observed 

chance). All cycles were split into four groups of predicted pregnancy chance per cycle, 

that is, 0%–5%, 5%–8%, 8%–11%, and 11%–17%.6 Discriminative performance of the 

model was assessed by the area under the receiver operating characteristic curve (ROC). 

Sensitivity was defined as the fraction of cycles not resulting in an ongoing pregnancy that 

was predicted correctly, and specificity was defined as the fraction of cycles that resulted 

in an ongoing pregnancy that was predicted correctly. Calculations were performed with 

SPSS version 11.5 (SPSS Inc., Chicago).

RESULTS

Overall, 1,079 couples who underwent 4,244 cycles were included. Baseline characteristics 

and pregnancy outcome are shown in Table 1. In total, 365 pregnancies occurred (8.6% 

per cycle), of which 278 were ongoing pregnancies (6.6% per cycle), 22 pregnancies were 

twins (7.9% per ongoing pregnancy), and six were high-order multiple pregnancies (2.1% 

per ongoing pregnancy, all triplets). In total there were 87 unsuccessful pregnancies, that 

is, seven ectopic pregnancies and 80 miscarriages (in total, 2% per cycle). The predicted 

probability of an ongoing pregnancy was compared with the observed ongoing pregnancy 

rate in that category. The difference between the mean observed chance and the mean 

predicted chance was less than 1.5% in all groups, which indicates a good calibration 

of the prediction model (Table 2). Calibration is shown in Figure 1. The model showed 

good calibration between 5% and 11%. For the predicted ongoing pregnancy rates above 

11%, a slight overestimation was seen, whereas for pregnancy rates <5%, underestimation 

was seen. However, the confidence intervals of the group with a poor predicted chance 

(0%–5%) and the group with a good predicted chance (8%–11%) did not overlap, which 

indicates a reliable distinction between these prognostic groups. Discrimination showed 

a ROC curve with an area under the curve (AUC) of 0.56 (95% confidence interval, 

0.53–0.59) (Fig. 2). 
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Table 1 Baseline characteristics and pregnancy outcome after IUI

Missing
data

Presence of the 
characteristic

(n= 4,244 cycles)

Pregnancies 
(n= 365)

Ongoing 
pregnancies

(n= 278)

Abortion
(n= 80)

Ectopic 
pregnancies

(n= 7)

Twin 
pregnancies

(n= 22)

High order multiple 
pregnancies

(n= 6)

Maternal age (Y) (min-max) 0 33 (20-44)

Duartion subfertility (Y) (min-max) 0 2.6 (1-13)

Primairy subfertility (%) 0 3085 (73) 244 192 46 6 16 5

Secondary subfertility (%) 0 1159 (27) 121 86 34 1 6 1

Referred by family doctor (%) 16 3387 (80) 276 211 61 4 16 5

Referred by specialist (%) (or otherwise) 16 857 (20) 89 67 19 3 6 1

Unexplained subfertility (%) 0 1762 (42) 172 130 40 2 12 2

Cervical factor subfertility (%) 0 1072 (25) 99 80 18 1 6 1

Male subfertility (%) 0 852 (20) 52 39 12 1 3 2

One-sided tubal pathology (%) 0 415 (10) 31 22 8 1 2 2

Uterine anomaly (%) 0 167 (4) 11 9 2 0 2 0

Endometriosis (%) 0 499 (12) 28 19 6 3 3 1

No COH (%) 0 1106 (26) 72 57 13 2 0 0

Clomiphene citrate (%) 0 411 (10) 41 24 15 2 1 0

Recombinant FSH (%) 0 2373 (56) 225 176 47 2 19 4

Urinary FSH (%) 0 354 (8) 27 21 5 1 2 2

Cycle 1 0 1021 98 72 24 2 4 1

Cycle 2 0 891 75 56 18 1 4 1

Cycle 3 0 717 64 52 10 2 4 2

Cycle 4 0 538 45 33 12 0 4 0

Cycle 5 0 443 34 24 9 1 1 0

Cycle 6 0 338 32 27 5 0 2 2

Cycle 7 0 143 5 5 0 0 1 0

Cycle 8 0 67 7 5 2 0 0 0

Cycle 9-13 0 86 5 4 0 1 2 0

proefschrift.indb   24 21-2-2013   16:14:20



External validation of an IUI prediction model

25

Chapter

2

Table 1 Baseline characteristics and pregnancy outcome after IUI

Missing
data

Presence of the 
characteristic

(n= 4,244 cycles)

Pregnancies 
(n= 365)

Ongoing 
pregnancies

(n= 278)

Abortion
(n= 80)

Ectopic 
pregnancies

(n= 7)

Twin 
pregnancies

(n= 22)

High order multiple 
pregnancies

(n= 6)

Maternal age (Y) (min-max) 0 33 (20-44)

Duartion subfertility (Y) (min-max) 0 2.6 (1-13)

Primairy subfertility (%) 0 3085 (73) 244 192 46 6 16 5

Secondary subfertility (%) 0 1159 (27) 121 86 34 1 6 1

Referred by family doctor (%) 16 3387 (80) 276 211 61 4 16 5

Referred by specialist (%) (or otherwise) 16 857 (20) 89 67 19 3 6 1

Unexplained subfertility (%) 0 1762 (42) 172 130 40 2 12 2

Cervical factor subfertility (%) 0 1072 (25) 99 80 18 1 6 1

Male subfertility (%) 0 852 (20) 52 39 12 1 3 2

One-sided tubal pathology (%) 0 415 (10) 31 22 8 1 2 2

Uterine anomaly (%) 0 167 (4) 11 9 2 0 2 0

Endometriosis (%) 0 499 (12) 28 19 6 3 3 1

No COH (%) 0 1106 (26) 72 57 13 2 0 0

Clomiphene citrate (%) 0 411 (10) 41 24 15 2 1 0

Recombinant FSH (%) 0 2373 (56) 225 176 47 2 19 4

Urinary FSH (%) 0 354 (8) 27 21 5 1 2 2

Cycle 1 0 1021 98 72 24 2 4 1

Cycle 2 0 891 75 56 18 1 4 1

Cycle 3 0 717 64 52 10 2 4 2

Cycle 4 0 538 45 33 12 0 4 0

Cycle 5 0 443 34 24 9 1 1 0

Cycle 6 0 338 32 27 5 0 2 2

Cycle 7 0 143 5 5 0 0 1 0

Cycle 8 0 67 7 5 2 0 0 0

Cycle 9-13 0 86 5 4 0 1 2 0

proefschrift.indb   25 21-2-2013   16:14:20



26

Figure 2 Receiver Operating 
Characteristic-curve
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Table 2 Mean predicted probability of an ongoing pregnancy versus the mean observed ongoing pregnancies.

Predicted chance No. patients in 
group

Mean predicted 
probability

No. of pregnancies Mean observed
ongoing 

pregnancies

0-5% 665 3.9% 33 5.0%

5-8% 2,469 6.5% 171 6.9%

8-11% 1,043 9.0% 90 8.6%

11-17% 67 11.9% 7 10.4%

Figure 1 Calibration plot, showing 
the association between the predicted 
chance and observed chance of an 
ongoing pregnancy.
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DISCUSSION

We assessed the external validity of our previously developed IUI prediction model in a 

large prospective cohort of more than 1,000 couples undergoing over 4,000 cycles of IUI. 

In this study we demonstrated that the prediction model previously published by Steures 

et al. is capable of predicting the chance of an ongoing pregnancy in different prognostic 

groups. In all four prognostic groups, the mean observed chance did not differ more than 

1.5% from the mean predicted chance of an ongoing pregnancy. 

A strong point of this study is the large number of cycles that was prospectively included 

and the complete and extensive follow-up. Also, since the patients were included in the 

study during a relatively short period (2000–2005), the chance of alterations in patient 

characteristics or changes in treatment protocol was limited. 

The low area under the ROC curve might be explained by the homogeneous group 

of patients undergoing IUI, which have been filtered by time and diagnostic testing. 

Therefore, extreme differences can never be expected. In our validation sample, treatment 

was started at a median duration of subfertility of 2.6 years (min-max, 1-13 years), which 

means that probably most treatment-independent pregnancies would already have 

occurred, indicating a homogeneous population.

Furthermore, ROC analysis presumes to express the capacity to distinguish between 

pregnancy and nonpregnancy. However, even the couples with a very good prognosis (for 

example, pregnancy chance 30%) have a large chance of not getting pregnant. So even if 

the model could distinguish perfectly between couples with a 5% pregnancy chance and 

couples with a 30% pregnancy chance, the area under the ROC curve would maximally 

be 0.71. 13 We agree that an AUC of 0.56 is hardly better than perhaps flipping a coin. 

The problem, however, with these kinds of models is that because in fertility treatment 

pregnancy chances are never 0 or 100% and even seldom above 30%, the AUC will always 

be close to 0.5. This observation underscores the limitations of the area under the ROC 

curve, or c-index, as a method for determining model fit, despite its continued popular use 

in the medical literature. 14 

The AUC is particularly suited to retrospective case-control studies, in which the actual 

outcome probabilities cannot be estimated.15 In the case of IUI, however, a very good 

prognosis of 30% per cycle implies that there is a 70% chance of nonpregnancy, which 

inevitably will affect the AUC. The discriminative capacity of such a model is also of limited 

clinical importance since couples are more interested in their own probability of conception 

within a certain treatment cycle (calibration) than in their chances of success compared 

with another couple (discrimination).

The effectiveness of IUI as a first treatment option for subfertile couples has been 

questioned, and some investigators advise performing IUI only for three cycles or not to 

start IUI at all.16,17 It becomes therefore more important to underpin a treatment decision 

with reliable predicted success chances. Because chances for success and thus the choice 

for IUI or IVF are dependent on more than female age or sperm count alone, we feel that 
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Figure 3 Prognostic index versus the chance on an ongoing pregnancy after IUI. The prognostic 
index is calculated form the score chart in Table 3
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Table 3 Prognostic score chart

Prognostic 
score

Female age 20 to 25 26 to 31 32 to 35 36 to 39 40 to 43

   Score 7 9 10 11 12 --

Duration of subfertility 1 to 2 2 to 3 3 to 5 5 to 7 7 to 13

   Score 0 1 1 2 3 --

Diagnosis Unexplained Cervical factor Male factor

   Score 0 -3 1 --

Pathology Tubal Uterine Endometriosis

   Score 2 10 3 --

Ovarian hyperstimulation No CC hMG or FSH

   Score 0 -2 -2 --

Cycle number 1 2 3 4 5 to 13

   Score 1 2 3 4 5 --

Prognostic Index
(sum score)

--

Circle the prognostic score for each of the variables and add them to the prognostic index. Use the 
curve in figure 3 to estimate the chance on an ongoing pregnancy after the IUI treatment cycle. 
(Example: a 33 year old woman, 2.5 years of unexplained subfertility, with no further pathology, 
and who will be treated with FSH has a prognostic index in the first cycle of: 10+1+0+0+-2+1=10. 
This score corresponds with 8.5% chance in the first treatment cycle) 
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a decision to treat should be made based on a prediction model. The Steures et al. model 

is the first validated model that makes a reliable prediction of success possible in IUI. 

In this study, we decided to externally validate an already existing model. As a consequence, 

factors not included in the original model, such as semen parameters, number of follicles, 

and endometrial type and thickness, were not taken into account. Future studies should 

evaluate whether the addition of other prognostic factors increases the performance of 

the model that we validated. 

Because the issue of twin and high-order multiple pregnancies due to assisted reproduction 

is extremely important,17,18 a next step in the development of prognostic models for IUI 

should be the prediction of multiple pregnancies.

In clinical practice, the IUI prediction model can also be used as a paper score worksheet 

(Table 3 and Fig. 3).The scores were derived from the beta coefficients (β) of multivariable 

analysis, in which eβ =odds ratio.6 Variables were categorized into practical useful groups. 

The score per group was calculated as the product term of the group mean, the beta 

coefficient, and the factor -10.12 For example, the variable age was grouped into maternal 

age 20–25, 26–31, 32–35, 36–39, and 40–43. The mean maternal age was 24.1 in the 

group 20–25, and the beta was -0.03. All women in this age group get an additional score 

of 7 points (24.1 x -0.03 x -10). The sum of all scores of the different variables resulted in a 

prognostic index. The prognostic index versus the chance of an ongoing pregnancy after 

IUI is plotted on a graph. Once the prognostic index is known, the chance of conceiving 

after IUI can be derived from this chart.

Although we did not perform a comparative study between IUI and IVF, the results of this 

study can be used to counsel patients to attempt IUI or to opt for an alternative treatment. 

If, for example, the success rate of IVF is more or less stable at about 20% per cycle, a 

decreased probability of success after IUI can be used as an argument to switch to IVF.

In conclusion, after external validation, the model proved to be accurate in predicting 

chances of success after IUI. It allows the clinician to identify couples who would benefit 

from IUI and those who would be better off with an alternative treatment.

APPENDIX

The formula for prediction of an ongoing pregnancy is as follows:

Probability = 1/ [1+exp (-β)], Where β = -1.41 + (maternal age x -0.03) + (duration of 

subfertility x -0.03) + (cervical factor x 0.27) + (male factor x -0.14) + (one-sided tubal 

pathology x -0.15) + (uterine anomaly x -0.98) + (endometriosis x -0.34) + (use of 

clomiphene citrate x 0.21) + (use of HMG or FSH x 0.23) + (cycle number [up to6] x -0.09)
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