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Abstract

Study question: What is the chance of a treatment-independent live birth following IVF
(including ICSI) treatment?

Summary answer: Over five years of follow-up, the treatment-independent live birth rate
was 17% in unsuccessfully treated women and 15% in those who had a live birth after IVF.
What is known already: A limited number of studies have investigated the chance of
treatment-independent conception following completion of IVF, but most of them have
been based on surveys with poor response rates and limited sample sizes.

Study design, size, duration: This is a population-based, retrospective cohort study of 2,133
women who received IVF treatment between 1998 and 2011 at a single regional IVF Unit
and were followed for a minimum of one year and maximum of 15 years after their last IVF
or ICSI treatment cycle.

Participants/materials, setting, methods: This study included all women, residing in the
North-East of Scotland, who attended the Aberdeen Fertility Clinic and received IVF
treatment between 1998 and 2011. Clinical and diagnostic information of all women were
linked with treatment and pregnancy outcome data. A total of 2,133 women were divided
into two groups: a) those who achieved a live birth following successful IVF or ICSI
treatment (n=1,060); and b) those in whom treatment was unsuccessful i.e. resulted in
either no pregnancy or pregnancy loss (n=1,073). The two groups were followed from the
date of the last embryo transfer until the first treatment-independent live birth or 31
December 2012, whichever came first. The primary outcome was the treatment-
independent live birth rate at one, two and a half, five and ten years of follow up. Cox
regression was used to determine factors associated with treatment-independent live birth

in each group.
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Main results and the role of chance: Within five years of follow up, the treatment-
independent live birth rate was 17% (95% Cl, 15%-19%) among women whose IVF or ICSI
treatment was unsuccessful and 15% (95% Cl, 12%-17%) among women whose treatment
resulted in live birth. In both groups, shorter duration of infertility, younger female age and
IVF as compared to ICSI were associated with a higher chance of achieving treatment-
independent live birth. Among unsuccessfully treated women, the chance of post-IVF live
birth was reduced in those with tubal factor infertility. Three or more previous IVF or ICSI
embryo transfers were associated with a lower chance of treatment-independent live birth
among successfully treated women.

Limitations, reasons for caution: The study was conducted in a single fertility centre, which
could compromise the generalisability of the findings. Moreover, data were unavailable on
the women'’s use of contraception or active attempts to get pregnant, both of which could
influence treatment-independent live birth rates.

Wider implications of the findings: This study provides a better understanding of the long-
term prognosis for treatment-independent live birth after completion of IVF or ICSI
treatment. The results will inform women of their chances of a treatment-independent live
birth following failed or successful treatment and the factors which are associated with it.
Study funding/competing interest(s): This work was funded by a Chief Scientist Office
Postdoctoral Training Fellowship in Health Services Research and Health of the Public
Research (Ref PDF/12/06). The views expressed here are those of the authors and not
necessarily those of the Chief Scientist Office. The authors have no competing interests.
Trial registration number: N/A

Key words: IVF/ICSI outcome, treatment independent live birth, infertility, live birth rate,

duration of infertility, female age
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Introduction

Infertility affects around one in six couples in the UK (Oakley et al. 2008). Conventional in-
vitro insemination (IVF), as well as intracytoplasmic sperm injection (ICSl), are the
recommended treatments for women with prolonged unresolved infertility (National
Institute for Health and Clinical Excellence 2013). The number of cycles and embryo
transfers of IVF or ICSI treatment in the UK has increased almost three-fold over 20 years
from 18,304 in 1994 to 52,288 in 2014 (Human Fertilisation and Embryology Authority 2016,
Human Fertilisation and Embryology Authority 2007). While initially used to treat women
with tubal disease, the scope of IVF has expanded in the last two decades to embrace a
wider range of indications, including unexplained and mild male factor infertility where
there is no identified barrier to pregnancy (Kamphuis et al. 2014).

Although the success rate per cycle of IVF in the UK has doubled from 14% in 1994 to
around 27% in 2014 (Human Fertilisation and Embryology Authority 2007, Human
Fertilisation and Embryology Authority 2016), these figures show that the majority of
women still do not become pregnant after their first IVF or ICSI cycle (de Mouzon et al.
2010, Human Fertilisation and Embryology Authority 2016, McLernon et al. 2016). Most
discontinue treatment after their first attempt due to the psychological and physical burden
of treatment as well as financial constraints (Deka and Sarma 2010, Gautam 2010, Nandi et
al. 2014, McLernon et al. 2016). Although women who have no absolute barrier to
conception retain the ability to conceive on their own, many equate unsuccessful treatment
with the end of any hope of having a baby (Throsby 2002).

Few studies have reported treatment-independent live birth rates after IVF treatment and
explored factors associated with them. In a recent record-linkage cohort study of women

starting treatment with assisted reproductive technology (ART) and followed for up to 5



95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

years, the rate of treatment-independent live births was 11% (Malchau et al. 2017). In a
French survey, about 17% and 24% of women achieved a spontaneous pregnancy following
either successful or unsuccessful IVF (Troude et al. 2012). Younger female age and shorter
infertility duration have been shown to be associated with treatment-independent live birth
(Shimizu et al. 1999, Hennelly et al. 2000, Osmanagaoglu et al. 2002, Brandes et al. 2010,
Khalili et al. 2012, Troude et al. 2012). Women with unexplained infertility had better
prognosis in comparison with those with other causes of infertility (Eijkemans et al. 2008,
Donckers et al. 2011). Many of these studies have relatively small sample sizes, a short
duration of follow-up or, in the case of surveys, poor response rates (Shimizu et al. 1999,
Osmanagaoglu et al. 2002, Cahill et al. 2005, Troude et al. 2016). As a result, it is difficult to
determine with any degree of accuracy, the chance of a treatment-independent pregnancy
or the clinical factors which affect this.

We conducted a population-based cohort study to determine the incidence of women who
had a treatment-independent live birth following: a) IVF or ICSI treatment which resulted in
a live birth (successful group) or b) IVF or ICSI treatment which did not result in a live birth
(unsuccessful group). We also aimed to identify factors in each group that were associated

with treatment-independent live birth.

Methods

Study population

This population-based cohort study included all women residing in the North-East of
Scotland who were referred to Aberdeen Fertility Clinic for investigation and subsequently
received IVF (including ICSI) treatment at the Aberdeen Assisted Reproduction Unit between

January 1998 and December 2011. Aberdeen Assisted Reproduction Unit is the only centre
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that provides private and NHS funded IVF treatment in the North-East Scotland region
(Grampian, Highlands, Orkney, and Shetland regions) (Pandey et al. 2014).

The following exclusion criteria were applied: a) women aged less than 18 or over 50 at the
beginning of their IVF treatment; b) women who underwent their first treatment before
January 1998 or after December 2011; c) women residing in the Orkney and Shetland
regions; and d) women who were treated using donor sperm, donor oocytes or surrogacy.
Of the 3091 women who underwent IVF or ICSI treatment in the Aberdeen Assisted
Reproduction Unit during the chosen time period, 2,133 were included in our study after

applying the exclusion criteria (see Figure 1).

Study groups and follow up

The cohort of 2,133 women were divided into two groups: a “successfully treated group” of
1,060 women who had a live birth resulting from IVF treatment and an “unsuccessfully
treated group” of 1,073 women whose treatment did not result in a live birth. Women in
the first group were followed from treatment-dependent live birth until: treatment-
independent live birth, they returned to the clinic with a different male partner or 315t
December 2012, whichever came first. Women in the second group were followed from the
first menstrual cycle after unsuccessful IVF treatment until: treatment-independent live
birth, they returned to the clinic with a different male partner or 315 December 2012,

whichever came first.

Databases
Aberdeen Fertility Centre database holds registration and demographic data of all infertile

women referred to the Aberdeen Assisted Reproduction Unit (Pandey et al. 2014). The
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Assisted Reproduction Unit database, which contains treatment details, was record-linked
to the Aberdeen Fertility Centre database (Maheshwari et al. 2009). Diagnostic and
treatment data from both databases were also record-linked to the national Scottish
maternity admission database (SMR02). SMRO02 stores maternity admission records which
provided the pregnancy outcomes for women in this study (Administrative Data Liaison
Service 2017). Live birth data was available until December 2012 meaning that all women
were followed for at least one year after their last embryo transfer. The final linked
anonymised data was stored on the dedicated secure Data Safe Haven (DaSH) University of

Aberdeen server with access restricted to named and approved researchers only.

Baseline characteristics

Baseline characteristics of women at treatment dependent live birth (for the successful
group) or after their final IVF cycle (for the unsuccessful group) included female age (years),
the cause of infertility (categorised as male factor, unexplained infertility, tubal factor,
ovulatory disorder, more than one cause or other), number of fresh or frozen embryo
transfers conducted, duration of infertility (years), infertility type (primary versus secondary)

and treatment type (IVF or ICSI).

Outcome

The primary outcome was the treatment-independent live birth rate at one, two and a half,
five and ten years of follow up. The final linked dataset enabled us to identify all treatment-
dependent and treatment-independent live births from the same woman. Gestational age

at birth, which was recorded in the national Scottish maternity admission database
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(SMRO02), was used to identify and code live births as treatment independent or treatment

dependent by comparing the estimated pregnancy dates to dates of embryo transfer.

Statistical analysis

Descriptive statistics of women and treatment characteristics were calculated at the time of
treatment-dependent live birth (successful group) or after the last IVF cycle (unsuccessful
group). The frequency and percentage were used for categorical data and means and
standard deviations for normally distributed data. For skewed data, median and the 25th

and 75th percentiles were presented.

Treatment independent live birth

We estimated the treatment independent live birth rate at one, two and a half, five and ten

III |II

years of follow up in both the “successful” and “unsuccessful” groups by fitting a Kaplan-

Meier curve for time to pregnancy and calculated the median follow up in both groups.

Factors associated with treatment independent live birth

A multivariable Cox regression model was used per “successful” and “unsuccessful” group to
examine the association between baseline characteristics and time-to-treatment-
independent live birth. In addition to the baseline characteristics, the year of IVF treatment
was included to account for changes in policy and practice.

A backward stepwise selection technique was used with a decrease in Akaike’s Information
Criterion (AIC) when a variable was removed representing a better fit (Akaike, 1974).
Statistical software IBM SPSS statistics version 24 was used for data management and R

3.4.3 was used for data analysis.



190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

Missing data

Approximately 3% of data on patient and/or treatment characteristics was missing. We
applied single imputation to account for this, including all mentioned baseline
characteristics and the cumulative hazard for pregnancy in the imputation model to account

for the time aspect in the data (White and Royston, 2009).

Ethical approval
The study was approved by the North of Scotland Research Ethics Committee (12/NS/0120).
Consent was not required from study participants as the final database did not contain

identifiable information.

Results

Characteristics of the study population

Clinical characteristics of all women at the time of their last IVF cycle (unsuccessful group) or
after giving birth (successful group) are presented in Table I. Women whose treatment was
unsuccessful were older (mean of 35.7 versus 33.9 years) compared to women whose IVF
treatment was successful. The cause of infertility, number of embryo transfers and duration
of infertility (median of 5.1 years for the successful group and 5.3 years for the unsuccessful

group) were comparable across the two groups.

Treatment-independent live birth
Of the 1,073 unsuccessfully treated women, 185 had at least one subsequent treatment-

independent live birth over the maximum follow-up period of 15 years (Figure 2). The
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median follow-up period was 6 years (2.16-10.5). Of the 1,060 successfully treated women,
151 had at least one treatment-independent live birth over the maximum follow-up period
of 15 years (Figure 2). The median follow-up time was 5.9 years (2.6-10).

The one-year Kaplan-Meier treatment-independent live birth rate was 10% (95% Cl, 8%-
12%) among unsuccessfully treated women and 4% (95% Cl, 3%-5%) among successfully
treated women (Figure 3). At two and a half years, these rates increased to 15% (95% Cl,
12%-17%) and 11% (95% Cl, 9%-13%) respectively. The five-year rates were 17% (95% Cl,
15%-19%) and 15% (95% Cl, 12%-17%), and the ten-year rates were 19% (95% Cl, 16%-22%)

and 17% (95% Cl, 14%-19%), respectively.

Predictive factors

Factors associated with a treatment-independent live birth among successfully treated
women are shown in Table Il as hazard ratios (HR) and 95% confidence intervals (Cls). The
multivariable analysis showed that the factors of an increased female age, increased
duration of infertility, two or three or more embryo transfers compared to one embryo
transfer and ICSI versus IVF treatment (HR: 0.62, 95%Cl 0.44 to 0.88) were all associated
with a decrease in the chance of treatment-independent pregnancy.

Factors associated with a treatment-independent live birth among unsuccessfully treated
women are shown in Table Ill. The factors of an increased female age, increased duration of
infertility and ICSI versus IVF treatment (HR: 0.70, 95%Cl 0.47 to 1.05) were associated with
a decrease in the chance of pregnancy. The cause of infertility was associated with the
chance of pregnancy with tubal factor having the worst prognosis (HR: 0.31. 95%Cl 0.17 to
0.55) and ovulatory disorder having the best prognosis (HR: 1.11, 95%Cl 0.64 to 1.94)

compared to male factor infertility as reference.
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Discussion

Principal findings

Following unsuccessful IVF or ICSI treatment, approximately 15% (one in seven) women had
a treatment-independent pregnancy leading to live birth over two and a half years, rising to
17% (one in six) over five years. The corresponding figures in women who had an IVF or ICSI
live birth were slightly lower at 11% (one in nine) and 15% (one in seven) respectively. After
ten years, the percentage is very little more than that at five years. The Kaplan-Meier curve
indicated that for the group in which IVF was successful, the time to treatment independent
live birth was longer compared to women who were unsuccessful. This difference could be
explained by the fact that women who had the desired child through fertility treatment may
be less likely to try to get pregnant again soon after having a live birth and may have used
contraception for a period of time (Troude et al. 2012).

Increasing female age and duration of infertility were associated with a decreased chance of
treatment-independent live birth in both groups. Having more than one embryo transfer
and having received ICSl instead of IVF treatment lowered the chance of a treatment-
independent live birth among successfully treated women. Among unsuccessfully treated
women, the chance of post-IVF live birth was reduced in those with tubal factor infertility

and those who received ICSI treatment.

Strengths and limitations
At 2,133, the sample size for this population-based retrospective cohort study was
reasonably large compared to most studies which have examined treatment-independent

live birth after IVF and the follow up was long (Shimizu et al. 1999, Hennelly et al. 2000,
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Osmanagaoglu et al. 2002, Cahill et al. 2005, Ludwig et al. 2008, Donckers et al. 2011, Khalili
et al. 2012, Pandey et al. 2014). Our sample is representative of the entire population as
there is only one IVF clinic in the region. Data used in this record-linkage study were
extracted from high quality and validated databases that have been successfully used in
previous studies (Maheshwari et al. 2009, Pandey et al. 2014, Rukuni et al. 2016). A further
strength of this study was the fact that our study was not reliant on telephone interviews or
postal questionnaires, minimising recall bias and overcoming problems relating to poor
response rates reported in some earlier studies (Shimizu et al. 1999, Hennelly et al. 2000,
Osmanagaoglu et al. 2002, Cahill et al. 2005, Khalili et al. 2012). Our population-based study
design allowed us to avoid the situation reported in a Danish study (Pinborg et al. 2009)
where non-response by women who failed to become pregnant led to overestimation of the
treatment-independent live birth rate by 5.3%.

The study has a number of limitations. A key drawback is the single-centre retrospective
design, which raises questions about generalisability. Although the majority of fertility clinics
in the UK have access to the same guidelines (NICE guidelines), the selection of candidates
and number of cycles could have been influenced by clinical judgment and patient
preferences (Kim et al. 2015). In addition, a multicentre study design with a higher number
of participants would have increased the sample size in the different subgroups which
would have allowed us to draw more accurate comparisons between causes of infertility.
Another factor which could limit the generalisability of our study to other populations is that
the population of the North East of Scotland is ethnically relatively homogeneous; the
majority of residents are Caucasians (Scottish Gov 2014).

A natural drawback associated with data from clinical databases is the fact that not all

desired covariates were available. For instance, data were unavailable on use of
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286  contraception or active plans to get pregnant. A questionnaire-based study found that

287  10.9% of women following ICSI treatment had used contraception (Ludwig et al. 2008).
288  Exclusion of women who used active contraception following IVF, leaving a cohort of

289  women who remained actively trying for a second baby, might increase the proportion of
290 treatment-independent live births over the observation period. It is difficult to define a
291  timepoint such as the ‘completion of IVF treatment’ with certainty as we were unable to
292  distinguish between a treatment-independent conception that occurred between planned
293  IVF cycles and a conception that occurred after the couple decided not to have further IVF.
294  In addition, we lacked information on any pregnancy outcomes which may have occurred
295  outside Scotland and any IVF treatments which may have occurred outside the Grampian
296  region. It is possible that some women could have undergone treatment outside the region
297  and then returned to give birth. This would have been counted as a natural conception using
298  our databases. Finally, although we censored women if they came back with a different
299  partner during treatment cycles, we were not able to detect a change in partnership after
300 IVF treatment. We were also unable to account for dropout factors such as stress due to
301 failed IVF treatment.

302

303  Related literature

304  Our treatment-independent live birth rate of 17% (one in six) over five years in

305 unsuccessfully treated women was higher than the 11.5% reported in a five-year follow-up
306  study in Belgium (Osmanagaoglu et al. 2002), 10% in a five-year cohort study in the

307 Netherlands (Brandes et al 2010), and the 12% observed by Troude et al (2016) in a French
308 cohort followed up for eight years. However, Troude et al (2012) reported a treatment

309 independent live birth rate of 24% among women unsuccessfully treated by IVF over an
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average follow-up period of seven years which was longer than our median follow-up period
(Troude et al. 2012). Approximately 15% of successfully treated women in our study had a
treatment-independent live birth over five years. This figure is slightly lower than the 17% to
21% reported in the literature from France, Ireland and Japan (Shimizu et al. 1999, Hennelly
et al 2010, Troude et al. 2012) but higher than the 11.7% observed in a five-year follow-up
Danish study (Pinborg et al. 2009).

Recent publications have reported higher rates of treatment-independent live birth after IVF
treatment compared to older studies (Shimizu et al. 1999, Hennelly et al 2010, Troude et al.
2012). This is despite the increase in success rate of IVF treatment over the last few years
(Human Fertilisation and Embryology Authority 2007, Human Fertilisation and Embryology
Authority 2016). Increased availability of IVF and early access for women who have a
reasonably good chance of spontaneous pregnancy has been noted to lead to
overtreatment (Kamphuis et al. 2014, Marcus et al. 2016). A Danish study found that 9.1% of
patients on the waiting list for IVF had a treatment-independent live birth within one year
(Eijkemans et al. 2008). The median IVF cycle number in our study was two for
unsuccessfully treated women which was higher than the average number in the UK
(McLernon et al. 2016). This is probably due to the fact that during the study period, the
Scottish Government supported up to two complete cycles of IVF (before increasing it to
three rounds in 2017) (Fertility Fairness 2017).

Our study showed that the chance of having a treatment-independent live birth among both
successfully and unsuccessfully treated women decreased with increasing female age and
duration of infertility. Both of these factors have been identified as being associated with
treatment-independent live birth in previous studies (de La Rochebrochard et al. 2009,

Khalili et al. 2012, Walschaerts et al. 2012, Troude et al. 2016). In successfully treated
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women, we observed a lower chance of treatment independent live birth in women who
received more than one cycle, in particular in women who received three cycles (or more), a
finding also previously demonstrated in a Danish prospective cohort study (Pinborg et al.,
20009).

In those who had unsuccessful IVF, women with ovulatory disorder had an increased chance
of treatment-independent live birth whilst those with tubal factor infertility had a decreased
chance of treatment-independent live birth. This has been previously reported in a
prospective cohort study (Donckers et al, 2011) and is indicative of sporadic ovulation in
women with this diagnosis. ICSI was associated with a decreased chance of treatment-
independent live birth for both the successful and unsuccessful groups even after
accounting for cause of infertility. This finding could be due to the clinician choosing ICSI for

couples who have a relatively poor prognosis based on predictors unknown to us.

Wider implications of the findings

This study provides a better understanding of the long-term prognosis of treatment-
independent live birth and associated factors of such an outcome. The results can provide
an indication to women, who remain childless after fertility treatment or who wish to have
another baby after successful IVF treatment, of their prognosis based on their
characteristics. Those counselling infertile women should include information about their
chance of natural conception at the end of fertility treatment, which starts to peak in the

first few years.

Conclusion
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We found that treatment-independent live birth after either successful or failed IVF or ICSI
treatment occurs in approximately one in six couples. This is more likely to occur in younger
women treated with IVF and who have been trying to conceive for a relatively short
duration. Our results will help clinicians to counsel infertile couples on the characteristics

associated with a live birth after a failed or successful IVF outcome.
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Figure 1. Flow chart showing inclusion and exclusions before data analysis

Figure 2. Flow chart showing the number of women per group and resulting treatment

independent live births over the maximum follow-up period of 15 years

Figure 3. Cumulative treatment independent live birth rates over follow up from last IVF

cycle or live birth



400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

18

References
Administrative Data Liaison Service. SMR02 — Maternity Inpatient and Day Case dataset. 2017.

http://www.adls.ac.uk/nhs-scotland/maternity-inpatient-and-day-case-smr02/?detail.

Akaike H. A new look at the statistical model identification. IEEE Transactions on Automatic

Control 1974;19:716-723.

Brandes M, Hamilton CJ, de Bruin JP, Nelen WL, Kremer JA. The relative contribution of IVF

to the total ongoing pregnancy rate in a subfertile cohort. Hum Reprod 2010:25;118-26.

Cahill DJ, Meadowcroft J, Akande VA, and Corrigan E. Likelihood of natural conception

following treatment by IVF. J Assist Reprod Genet 2005:22;11-12.

de La Rochebrochard E, Quelen C, Peikrishvili R, Guibert J, Bouyer J. Long-term outcome of
parenthood project during in vitro fertilization and after discontinuation of unsuccessful in

vitro fertilization. Fertil Steril 2009:92;149-156.

de Mouzon J, Goossens V, Bhattacharya S, Castilla JA, Ferraretti AP, Korsak V, Kupka

M, Nygren KG, Nyboe Andersen A; European IVF-monitoring (EIM) Consortium, for the
European Society of Human Reproduction and Embryology (ESHRE). Assisted reproductive
technology in Europe, 2006: results generated from European registers by ESHRE. Hum

Reprod 2010:25;1851-1862.

Deka, P, Sarma S. Psychological aspects of infertility. BJMP 2010:3;a336.


http://www.adls.ac.uk/nhs-scotland/maternity-inpatient-and-day-case-smr02/?detail
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Mouzon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goossens%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castilla%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferraretti%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korsak%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kupka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kupka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nygren%20KG%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nyboe%20Andersen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20570973
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20IVF-monitoring%20(EIM)%20Consortium%2C%20for%20the%20European%20Society%20of%20Human%20Reproduction%20and%20Embryology%20(ESHRE)%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=European%20IVF-monitoring%20(EIM)%20Consortium%2C%20for%20the%20European%20Society%20of%20Human%20Reproduction%20and%20Embryology%20(ESHRE)%5BCorporate%20Author%5D

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

19

Donckers J, Evers JLH, Land JA. The long-term outcome of 946 consecutive couples visiting a

fertility clinic in 2001—-2003. Fertil Steril 2011:96;160-164.

Eijkemans MJ, Lintsen AM, Hunault CC, Bouwmans CA, Hakkaart L, Braat DD, Habbema JD.

Pregnancy chances on an IVF/ICSI waiting list: a national prospective cohort study. Hum

Reprod 2008:23;1627-1632.

Fertility Fairness. IVF Provision in Scotland. 2016. http://www.fertilityfairness.co.uk/nhs-

fertility-services/ivf-provision-in-scotland/.

Gautam A. Complications of IVF. J Obstet Gynecol India 2010:60;297-298.

Hennelly B, Harrison RF, Kelly J, Jacob S, Barret T. Spontaneous conception after a successful
attempt at in vitro fertilization/intracytoplasmic sperm injection. Fertil Steril 2000:73;774-

778.

Human Fertilisation and Embryology Authority. A long term analysis of the HFEA Register data

(1991-2006). 2007. Human Fertilisation and Embryology Authority, London, UK.

Human Fertilisation and Embryology Authority. Fertility Treatment in 2014: Trends and

Figures. 2016 Human Fertilisation and Embryology Authority, London, UK.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Eijkemans%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=18456667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lintsen%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=18456667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hunault%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=18456667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bouwmans%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=18456667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hakkaart%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18456667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Braat%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=18456667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Habbema%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=18456667
http://www.fertilityfairness.co.uk/nhs-fertility-services/ivf-provision-in-scotland/
http://www.fertilityfairness.co.uk/nhs-fertility-services/ivf-provision-in-scotland/

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

20

Kamphuis El, Bhattacharya S, van der Veen F, Mol BWIJ. Are we overusing IVF? BMJ

2014:348;252.

Khalili MA, Kahraman S, Ugur MG, Agha-Rahimi A, Tabibnejad N.. Follow up of infertile
patients after failed ART cycles: a preliminary report from Iran and Turkey. Eur J Obstet

Gynecol Reprod Biol 2012: 161;38-41.

Kim D, Child T, Farquhar C. Intrauterine insemination: a UK survey on the adherence to NICE

clinical guidelines by fertility clinics. BMJ 2015:30;1277-1278.

Ludwig AK, Katalinic A, Jendrysik J, Thyen U, Sutcliffe AG, Diedrich K, Ludwig M. Spontaneous
pregnancy after successful ICSI treatment: evaluation of risk factors in 899 families in

Germany. Reprod Biomed Online 2008:17;403-409.

Maheshwari A, Scotland G, Bell J, McTavish A, Hamilton M, Bhattacharya S. The direct health
services costs of providing assisted reproduction services in overweight or obese women: a

retrospective cross-sectional analysis. Hum Reprod 2009:24;633—-639.

Malchau SS, Henningsen AA, Loft A, Rasmussen S, Forman J, Nyboe Andersen A, Pinborg A.
“The long-term prognosis for live birth in couples initiating fertility treatments. Hum Reprod

2017:32;1439-1449.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Khalili%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=22137983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kahraman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22137983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ugur%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=22137983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agha-Rahimi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22137983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tabibnejad%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22137983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ludwig%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=18765012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katalinic%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18765012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jendrysik%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18765012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thyen%20U%5BAuthor%5D&cauthor=true&cauthor_uid=18765012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sutcliffe%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=18765012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diedrich%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18765012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ludwig%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18765012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malchau%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=28472455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henningsen%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=28472455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loft%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28472455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasmussen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28472455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Forman%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28472455
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinborg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28472455

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

21

Marcus AP, Marcus DM, Ayis S, Johnson A, Marcus SF. Spontaneous pregnancies following
discontinuation of IVF/ICSI treatment: an internet-based survey. Hum Fertil 2016:19;134-

141.

Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Stevens GA. National, Regional, and
Global  Trends in Infertility Prevalence Since 1990: A Systematic Analysis of 277 Health

Surveys. PLOS Medicine 2012:9;e1001356.

McLernon DJ, Maheshwari A, Lee AJ, Bhattacharya S. Cumulative live birth rates after one or
more complete cycles of IVF: a population-based study of linked cycle data from 178,898

women. Hum Reprod 2016:31;572-581.

Nandi, A, A Shah, A Gudi, and Homburg R. Acupuncture in IVF: A review of current literature.

J Obstet Gynaecol 2014:34;555-561.

National Institute for Health and Clinical Excellence. Fertility problems: assessment and
treatment. 2013.

https://www.nice.org.uk/guidance/cg156/chapter/Recommendations#access-criteria-for-

ivf.

Oakley L, Doyle P, Maconochie N. Lifetime prevalence of infertility and infertility treatment in
the UK: results from a population-based survey of reproduction. Hum Reprod 2008:23; 447—

450.


https://www.ncbi.nlm.nih.gov/pubmed/?term=McLernon%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=26783243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maheshwari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26783243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=26783243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26783243
https://www.nice.org.uk/guidance/cg156/chapter/Recommendations#access-criteria-for-ivf
https://www.nice.org.uk/guidance/cg156/chapter/Recommendations#access-criteria-for-ivf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oakley%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18033808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Doyle%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18033808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maconochie%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18033808

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

22

Osmanagaoglu K, Collins J, Kolibianakis E, Tournaye H, Camus M, Van Steirteghem A, Devroey
P. Spontaneous pregnancies in couples who discontinued intracytoplasmic sperm injection

treatment: a 5-year follow-up study. Fertil Steril : 2002;550-556.

Pandey S, McLernon DJ, Scotland G, Mollison J, Wordsworth S, Bhattacharya S. Cost of
fertility treatment and live birth outcome in women of different ages and BMI. Hum Reprod

2014:29;2199-211.

Pinborg A, Hougaard CO, Nyboe Andersen A, Molbo D, Schmidt L. Prospective longitudinal
cohort study on cumulative 5-year delivery and adoption rates among 1338 couples initiating

infertility treatment. Hum Reprod 2009:24;991-999.

Rukuni R, Bhattacharya S, Murphy MF, Roberts D, Stanworth SJ, Knight M. Maternal and
neonatal outcomes of antenatal anemia ina Scottish population: a retrospective cohort study.

Acta Obstetricia et Gynecologica Scandinavica 2016:95;555-556.

Scottish Gov. Analysis of Ethnicity in the 2001 Census - Summary Report. 2014.

http://www.gov.scot/Publications/2004/02/18876/32939.

Shimizu Y, Kodama H, Fukuda J, Murata M, Kumagai J, Tanaka T. Spontaneous conception
after the birth of infants conceived through in vitro fertilization treatment. Fertil Steril

1999:71,35-39.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Osmanagaoglu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12215332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Collins%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12215332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kolibianakis%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12215332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tournaye%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12215332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Camus%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12215332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Steirteghem%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12215332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devroey%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12215332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devroey%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12215332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandey%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25061026
https://www.ncbi.nlm.nih.gov/pubmed/?term=McLernon%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=25061026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scotland%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25061026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mollison%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25061026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wordsworth%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25061026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25061026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pinborg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19136480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hougaard%20CO%5BAuthor%5D&cauthor=true&cauthor_uid=19136480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nyboe%20Andersen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19136480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molbo%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19136480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidt%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19136480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rukuni%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26846870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26846870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphy%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=26846870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26846870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stanworth%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=26846870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knight%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26846870
http://www.gov.scot/Publications/2004/02/18876/32939
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=9935113
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kodama%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9935113
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fukuda%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9935113
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murata%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9935113
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumagai%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9935113
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9935113

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

23

Throsby K. Calling It A Day":the decision to end IVF treatment. 2002.(unpublished doctoral

thesis,Gender Institute, London School of Economics).

Troude P, Santin G, Guibert J, Bouyer J, de La Rochebrochard E; DAIFI Group. Seven out of
10 couples treated by IVF achieve parenthood following either treatment, natural

conception or adoption. Reprod Biomed Online 2016: 33;560-567.

Troude P, Bailly E, Guibert J, Bouyer J, de la Rochebrochard E; DAIFI Group. Spontaneous
pregnancies among couples previously treated by in vitro fertilization. Fertil Steril 2012:98;63-

68.

Walschaerts M, Bujan L, Isus F, Parinaud J, Mieusset R, Thonneau P. Cumulative parenthood

rates in 1735 couples: impact of male factor infertility. Hum Reprod 2012:27;1184-1190.

White IR and Royston P. Imputing missing covariate values for the Cox model. Stat Med

2009;28:1982-1998.x"


https://www.ncbi.nlm.nih.gov/pubmed/?term=Troude%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22521697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bailly%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22521697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guibert%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22521697
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bouyer%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22521697
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20la%20Rochebrochard%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22521697
https://www.ncbi.nlm.nih.gov/pubmed/?term=DAIFI%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walschaerts%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22271929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bujan%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22271929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Isus%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22271929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parinaud%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22271929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mieusset%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22271929
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thonneau%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22271929

540 Table 1 Characteristics of the women after treatment dependent live birth (successfully treated
541  group) or after their last IVF cycle (unsuccessfully treated group)

Characteristics

Successfully
treated group

Unsuccessfully
treated group

n =1060 n=1073

Mean (SD) female age (years) 33.9(4.0) 35.7 (4.7)
Infertility type (primary versus secondary), n (%) 0(0) 663 (61.8)
Cause of infertility, n (%)

Male 383 (36.1) 329 (30.7))

Ovulatory 70 (6.6) 85 (7.9)

Unexplained 284 (26.8) 259 (24.1)

Tubal 179 (16.9) 228 (21.1)

Other/unknown 41 (3.9) 59 (5.5)

More than one cause 103 (9.7) 113 (10.5)
Infertility duration (median, 25th-75th) 5.1(3.9-6.7) 5.3(3.7-7.2)
Infertility duration, n (%)

<3 99 (9.3) 140 (13.0)

3-6 607 (57.3) 512 (47.7)

>6 354 (33.4) 421 (39.2)
No. of embryo transfer episodes(median, 25th-75th) 2 (1-3) 2 (1-3)
No. of embryo transfer episodes, n (%)

1 398 (37.5) 398 (37.1)

2 261 (24.3) 277 (25.8)

3 172 (16.0) 181 (16.9)

>3 229 (21.3) 217 (20.2)
Treatment type

IVF (in vitro fertilization) 652 (61.5) 708 (65.4)

ICSI (intracytoplasmic sperm injection) 408 (38.5) 371 (34.6)
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Table 2 Factors associated with treatment independent live birth over time in successfully treated
women (n=1060)

Multivariable analysis with backward
selection based on AIC

HR 95% CI P value

Female age (per year <31) 0.92 0.84to0 1.01 0.10
Female age (per year >31) 0.89 0.77 to 1.02 0.09
Duration of infertility (per year) 0.89 0.83t00.97 0.006
Number of embryo transfer episodes

1° 1

2 0.74 0.51to0 1.09 0.13

3 0.31 0.17 t0 0.59 <0.001

>3 0.52 0.32t00.84 0.007
Type of treatment

IVF @ 1

ICSI 0.62 0.44t0 0.88 0.007

2Used as a reference variable.

HR = hazard ratio; Cl = confidence interval; BMI = body mass index; IVF = in vitro fertilisation; ICSI =
intracytoplasmic sperm injection

Note: Female age was included in the model as two continuous linear terms, one for age up to 31
and one for age over 31 years
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Table 3 Factors associated with treatment independent live birth over time in unsuccessfully

treated women (n=1073)

Multivariable analysis with backward selection

based on AIC
HR 95% CI P value

Female age (per year <31) 1.04 0.94to 1.15 0.48
Female age (per year >31) 0.85 0.74 to 0.97 0.02
Duration of infertility (per year) 0.86 0.81t00.92 <0.001
Cause of infertility

Male ® 1

Anovulation 1.11 0.64to 1.94 0.71

Unexplained 1.08 0.70to 1.67 0.74

Tubal 0.31 0.17 to 0.55 <0.001

Other 0.61 0.30to 1.22 0.16

More than one cause 0.48 0.26 to 0.87 0.02
Type of treatment

IVF @ 1

ICSI 0.70 0.47 to 1.05 0.08

2Used as a reference category.

26

HR = hazard ratio; Cl = confidence interval; BMI = body mass index; IVF = in vitro fertilisation; ICSI =

intracytoplasmic sperm injection

Note: Female age was included in the model as two continuous linear terms, one for age up to 31

and one for age over 31 years
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Figure 1 Flow chart showing inclusion and exclusions before data analysis

NS

Women who at their first
treatment were under 18
years old or over 50 years old
(6 women)

Initial population
Women registered for IVF
treatment at AFC between 1992
and 2014
(3091 women)

J

Women who started IVF
prior to 1998 or after 2011
(283 women)

v

\_ J
(" )
Women residing in the
Orkney and Shetland regions
6 women
. ( : _J

v

Incomplete records (missing
dates of treatment cycles or
no data about treatment
outcome)

(113 women)

(Women who were treated\
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Figure 2 Flow chart showing the number of women per group and resulting treatment independent live births over the maximum follow-up period of 15
years
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Cumulative treatment independent live birth rate
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