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Nowadays, couples who do not achieve a pregnancy despite trying for over 12 months 
after the start of regular unprotected intercourse, meet the criteria for subfertility.1 This 
turns subfertility into a uncommon diagnosis as it concerns couples instead of individuals. 
The underlying mechanism(s) causing the couple’s subfertility may find their origin 
in female, in male, or in both.2 The treatment possibilities for unwanted childlessness 
following infertility have increased in the last decades.
 In 1978 a major event in the world of Reproductive Medicine occurred; Louise Brown, 
the first in vitro conceived baby, was born. The English scientists, Robert Edwards and 
Patrick Steptoe, managed to successfully fertilize an oocyte outside the human body and 
transfer the resulting embryo to the womb where it implanted and developed naturally.3 
The fact that mankind was able to do this is still considered one of the most spectacular 
medical discoveries of the 20th century. In 1983 the birth of the first in vitro fertilization 
(IVF) baby who was cryopreserved as an embryo was accomplished.4 This was an important 
achievement as during the IVF procedure the goal is to obtain multiple embryos, while - 
at least in Nordic European countries - nowadays usually only one or a maximum of two 
embryos are transferred into the womb. The knowledge on preservation of an embryo by 
freezing allowed the use of the embryos that were not used in the initial IVF treatment 
at a later time. In 1992 the method of intracytoplasmic sperm injection (ICSI) was added 
to the array of assisted reproductive techniques (ART). In ICSI a ‘handpicked’ single 
sperm cell is selected and then directly injected across the zona pellucida into the oocyte 
cytoplasm. With this discovery most couples with a severe subfertile male with very low 
sperm counts could also be offered an effective treatment.5 In 1995, the first live births 
after IVF with preimplantation genetic screening (PGS) were reported.6 In IVF with PGS an 
attempt is made to select only euploid embryos for embryo transfer. In theory transferring 
only euploid embryos to the womb was supposed to improve pregnancy and live birth 
rates after IVF.
 After 25 years of IVF/ICSI the first million IVF/ICSI babies were born.7 Surprisingly, it 
only took two years until the second million IVF/ICSI babies were delivered. This well 
illustrates the rapid increase in the use of IVF and ICSI.8

 With the increased use of IVF and ICSI the concerns about the health consequences for 
the offspring, which arose directly after the first use of IVF (e.g. risks for the future child 
were unknown and that therefore IVF was unethical), arose as well.9

 The concerns deepened especially after David Barker had published the ‘Fetal Origins 
of adult disease’ (also known as the Barker Hypothesis)’ in 1990.10-12 In the early nineties, 
David Barker and colleagues investigated the rate of cardiovascular mortality in men of 
whom accurate information on birthweight and growth during infancy was available. It 
turned out that children who were small at birth and were small at one year of age had 
a higher risk of dying from ischaemic heart disease later in life. Barker hypothesized that 
intrauterine growth restriction might have predisposed the offspring to heart disease 
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in later life. This developmental concept formed the foundation for the Developmental 
Origins of Health and Disease (DOHaD) theory. The DOHaD theory describes how parental 
and environmental factors may influence fetal development in early life so that it may 
result in an increased vulnerability for health related problems in later life. This implies 
that the in vitro culture procedure, ovarian hyperstimulation and parental subfertility all 
could affect the health of the IVF offspring. 
 So while the first studies on the outcome of IVF focused on pregnancy and/or live-
birth rates, consecutive studies also focussed on the health of IVF offspring. Initially the 
studies focussed on the increase in the rate of multiple births and on the consequences 
of the phenomenon of the so-called vanishing twin in IVF pregnancies. Studies showed 
that twin and singleton survivors of a vanishing twin had a lower birthweight compared to 
singletons conceived with IVF.13 Later studies dealt with other short-term outcomes, like 
congenital abnormalities and preterm birth.14 Adverse outcomes were more common in 
IVF offspring (more details follow on page 16).15 Next, studies started to address long-term 
outcomes of IVF offspring.
 The aim of this thesis is to analyse the possible effect of different IVF components, i.e., 
controlled ovarian hyperstimulation (COH), the in vitro culture procedure, PGS, and the 
underlying subfertility on long-term child health and development.
 First I will briefly summarize the DOHaD theory. In the next sections IVF and its 
components and subfertility will be discussed. This is followed by a brief review of the 
literature about short and long-term health outcomes of IVF offspring. Finally, the aim and 
the outline of this thesis will be addressed.

Figure 1. Figure 1 shows an overview of children born after IVF per year.

Developmental Origins of Health and Disease Theory (DOHaD)

In 1986 David Barker published a study in which he demonstrated an association between 
geographical location in England, infant mortality in 1921-25 and ischaemic heart disease 
in 1968-78.10 Barker hypothesised that an association exists between infant mortality and 
ischaemic heart disease in a population. Later Barker and colleagues published two more 
articles regarding fetal development; development in the first year of a child and health 
conditions in later adult life. The first one describes how children born between 1911-1930 
with a weight at birth below 3.4 kg and with a weight below 8.2 kg at one year of age had 
the highest death rates from ischaemic heart disease in later life.11 The second one reports 
how undernutrition during different periods of gestation lead to different phenotypes: 
undernutrition in early pregnancy may result in symmetrically small, low birthweight 
babies; undernutrition in mid-pregnancy may result in no noticeable retardation of fetal 
growth; undernutrition in late pregnancy is associated with thin foetuses with a wasted 
appearance.12 These three articles laid the foundation for the ‘Fetal Origins of adult 
disease’ hypothesis, also known as the Barker Hypothesis. This theory stimulated interest 
in the fetal origins of adult disorders. In order to broaden the scope of this hypothesis, its 
name was later changed into the Developmental Origins of Health and Disease (DOHaD) 
theory.16 Since then evidence has been accumulating on how environmental exposures 
during pregnancy may have an influence on the offspring’s health in later life. A good 
example is the study by Roseboom et al. regarding the long-term effects of the Dutch 
famine during World War II, now 75 years ago on the offspring. Roseboom and colleagues 
found indications that undernutrition during gestation may affect health of the offspring 
in later life even without affecting size at birth.17 Furthermore, the authors showed that 
the timing of prenatal exposure to undernutrition plays an important role: (1) prenatal 
exposure to the Dutch famine in the first trimester is among others associated with lower 
LDL cholesterol levels in adult life, obesity and cardiovascular disease; (2) in the second 
trimester e.g. with obstructive airway disease in the offspring and microalbuminuria; 
(3) and in the third trimester with higher plasma glucose and insulin levels in adult life. 
Together with the information on how undernutrition during different trimesters of 
gestation may lead to different phenotypes by epigenetic reprogramming it became clear 
that the human embryo and/or foetus can differentially adapt to timing, type and degree 
of environmental exposure.12,18,19

 With this in mind, it is conceivable that subfertility, COH, the in vitro culture procedure 
and/or PGS all could have their influences on the natural development of the embryo and 
may affect the offspring’s health in later life.19
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Subfertility

Fecundity is the so-called ability of women to have offspring.20 The monthly chance of 
a woman to achieve pregnancy resulting in a live birth during a single menstrual cycle 
with adequate exposure to sperm and no contraception use is called fecundability.20 The 
fecundability of a women decreases rapidly after the age of 30 years.21 This may lead to 
subfertility - or infertility - which is defined as the inability to conceive after 12 months 
of frequent pregnancy initiated intercourse. The time between pregnancy initiated 
intercourse and pregnancy is called time to pregnancy (TTP). TTP is regarded as a proxy for 
the severity of subfertility.22 Subfertility has a heterogeneous origin: causes of subfertility 
vary from ovulation disorders, endometriosis and acquired tuba malformations as a result 
of pelvic inflammatory disease, to low sperm counts, in male partner and in one third 
of subfertility cases no cause is found, so-called idiopathic subfertility.23 These different 
causes of subfertility call for different types of infertility treatment. 

Assisted Reproductive Techniques (ART)

ART is the umbrella term given to describe a number of different fertility treatments, in 
which fertilization takes place in culture in vitro, that can be performed to help couples 
to achieve pregnancy. In this thesis we use the term ART to describe the conventional 
form of IVF/ICSI, IVF/ICSI within a modified natural cycle (MNC) and PGS. This means that 
this thesis zooms in on fertility treatments in which an oocyte is obtained by means of 
COH or minimal ovarian stimulation of the ovary, oocyte retrieval is performed and the 
retrieved oocyte(s) are inseminated outside the human body with preselected sperm and 
the embryo resulting from the fertilization is cultured for several days (in vitro) before 
embryo transfer to the uterus.

Controlled ovarian hyperstimulation (COH)

To a large degree the conventional form of IVF is performed with COH. In the early years 
of IVF human menopausal gonadotropins were used, but for safety reasons (impurity of 
urinary products) COH by means of recombinant FSH (rec-FSH) became more common.24 
In COH follicle-stimulating hormone (FSH) is given in combination with a gonadotropin-
releasing hormone (GnRH) agonist or a GnRH antagonist. FSH stimulates the growth of 
follicles, whereas the GnRH-agonist or antagonist inhibits the gonadotropin production 
of the pituitary gland. This prevents spontaneous ovulation of the follicles due to 
suppression of luteinising hormone (LH) release from the pituitary. These two hormones 
are given until several follicles (5-15) have reached a diameter of 18-20 millimetre.25 In 

the meantime the growth and development of the follicle(s) is monitored with the help 
of ultrasonography. When follicles have reached a diameter of 18-20 millimetre human 
chorionic hormone (hCG) or rec-hCG or a GnRH-agonist is administrated to mimic the LH 
surge.26 The function of hCG is to mimic the LH surge so that the first meiotic division and 
morphological changes of oocyte occur. After 34-36 hours of hCG administration oocyte 
aspiration is performed, just before ovulation takes place. Next, due to downregulation of 
the pituitary gland and the supra-physiologic oestrogen levels in the follicular phase in IVF 
cycles, which results in an insufficient luteal phase, progesterone is vaginal administrated 
for multiple days to prepare the endometrium for implantation after embryo transfer.27 
The oocytes are transferred to the lab for the in vitro procedure after aspiration. The live 
birth rates per COH-IVF cycle are in general around 20-25% (heavily depending on the age 
of the female partner).28,29

Modified Natural Cycle (MNC)

The MNC differs from COH by the fact that only in the late follicular phase of the menstrual 
cycle, when the one naturally dominant follicle has reached a diameter of ≥ 14 mm, a 
GnRH antagonist and FSH are administrated.30 The total dosages of these hormones per 
started cycle are minimal compared to COH and are solely used to compensate for the 
decrease in FSH levels as a result of the use of an GnRH antagonist. Besides the dose of 
hormonal stimulation there are other differences between COH and MNC: (1) in an MNC 
cycle usually only one dominant follicle will grow and be obtained whereas in COH the 
goal is to obtain multiple oocytes; (2) due to a lower total dose of hormonal stimulation 
in a shorter timespan a MNC cycle has fewer side effects of the hormonal treatment and 
an negligible risk of ovarian hyperstimulation syndrome; (3) COH results in an altered 
endocrine environment with higher oestrogen and progesterone levels in early pregnancy 
compared to MNC; (4) live birth rates per MNC-IVF cycle are 9-16%.31-33

The In vitro Fertilization laboratory procedures

To fertilize an oocyte sperm is needed. Sperm ‘work-up’ takes place in order to select 
high quality sperm, as sperm quality is a significant factor in predicting fertilization and 
pregnancy rates in IVF.34

 In a culture droplet of medium the sperm is used to fertilize one or more oocyte(s): 
IVF. In order to prevent low fertilization rates in case of severe male factor infertility ICSI 
may offer a solution. In ICSI one ‘handpicked’ sperm cell (based on, among other things, 
shape and progressive motility) is injected directly into the cytoplasm of the oocyte, in 
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this way mature oocytes gathered after oocyte retrieval can be inseminated.35

 If the pronucleus of both cells fuse and the first mitotic division is seen normal 
fertilization has occurred. The resulting early embryo (the so-called zygote) is cultured 
till it reaches cleavage stage (2-4-6-8 cells) or blastocyst stage (70-100 cells). Note that in 
case multiple oocytes are obtained also multiple in vitro procedures can be performed 
resulting in more than one embryo.36 Nowadays in the Netherlands as a rule only one 
embryo is transferred to the womb in women under the age of 38 in the first two IVF-
cycles, whereas through Europe the number of embryos transferred differs.8

Preimplantation Genetic screening (PGS)

Pregnancy rates after IVF are lower in couples of which the female partner is of advanced 
age (women of 35 years) than in couples of which the female partner is under the age of 35 
years. For instance, the European IVF-Monitoring Consortium reported that the cumulative 
pregnancy rate was 34.7% in woman younger than 35 years and 27.5% in woman aged 35-
39.37,38 The presence of an abnormal number of chromosomes in the ageing oocytes, i.e. 
aneuploidy, causes the poorer pregnancy rates in woman of advanced age.39 Aneuploidy is 
a known risk factor for miscarriage and more common in women of advance age, woman 
with recurrent miscarriage and in woman with repeated implantation failure.40

To improve the pregnancy rates after IVF and ICSI for these populations PGS has been 
developed. The theoretical advantage of embryo selection with the use of PGS was to 
transfer only euploid embryos into the womb and thereby decrease miscarriage and 
implantation failure rates. 
 The aspired blastomeres of the embryo were screened for aneuploidies in 5-to-
9 chromosomes with fluorescence in situ hybridization. In the early days of PGS, this 
aneuploidy screening was performed using a day-3 cleavage stage embryo biopsy. Only 
the euploid embryos were selected for transfer. Unfortunately multiple randomized 
controlled trials (RCT) showed that day-3 cleavage stage PGS did not increase, but 
unexpectedly reduced pregnancy and live birth rates after IVF in women of advanced 
maternal age.41 There is evidence that cleavage stage human embryos resulting from IVF 
are mosaic: indicating that the exact chromosomal constitution of the human embryo 
may not be revealed by the analysis of a day-3 cleavage stage blastomeres.42

 Due to the fact that day-3 cleavage stage does not increase live birth rates new 
technological developments have taken place. Nowadays, comprehensive chromosome 
screening allows screening for aneuploidy of all 24 chromosomes. In addition, laboratory 
experiments suggested that day-5 blastocyst biopsy might be less harmful for the embryo 
than a biopsy at the day-3 stage.43 Nevertheless, up until now no sufficiently powered RCT 
has been carried out to prove that PGS using day-5 blastocyst biopsy increases pregnancy 

and live birth rates in women of advanced age. Meanwhile, day-3 cleavage stage PGS 
continues to be carried out in many countries and clinics for three reasons: (1) not all 
embryos reach blastocyst stage; (2) fertility clinics are not competent with day-5 blastocyst 
biopsy; and (3) private clinics make a lot of money by adding PGS to IVF.44,45

Another form of embryo diagnostics is preimplantation genetic diagnosis (PGD). PGD 
was developed for couples with a known risk of transmitting a genetic disorder to their 
offspring.46 The biopsied cells are screened for genetic pathology and only unaffected 
embryos are transferred. Although PGD has another indication than PGS, the biopsy 
procedure is the same. The application of embryo biopsy inherent to PGS and PGD has 
induced questions on its safety with regard to child development as in PGD and PGS the 
embryo is manipulated to a higher extend than in IVF.47

Health Outcome of IVF offspring

Short-term outcomes of ART

Although the short-term health outcomes of IVF offspring have been studied 
comprehensively, there are still no well-defined core outcome sets.14,48,49 The systematic 
review by Helmerhorst et al. of controlled studies published between 1985-2002 and the 
meta-analysis of Jackson et al. including studies from 1978-2002 indicated that singletons 
conceived with the help of IVF had a +/-2.0-fold higher risk of being born preterm, having 
a low birthweight and being small for gestational age compared with natural conceived 
singletons to fertile couples.49-51 But over time the ART procedures further developed and 
changed. For example blastocyst transfer was introduced and other culture media were 
used as it became clear that in vitro culture could affect the offspring’s birthweight.52 As 
some offspring outcome studies carried out after 1998 did not demonstrate differences 
in birthweight between ART and natural conceived singletons, the call for a new meta-
analysis became urgent.53,54 In 2013 Pinborg and colleagues conducted a meta-analysis 
which demonstrated a tendency of a lower perinatal risk in IVF/ICSI singletons for preterm 
birth, low birthweight and being small for gestational age compared to the previous meta-
analysis: for example a decrease from a +/-2.0 fold higher risk to a +/-1.5 higher risk in 
preterm birth.14 In addition, this latter meta-analysis showed that subfertility is a risk 
factor for preterm birth in singletons conceived after ART. As preterm birth is a known risk 
factor for health problems in later life (e.g., 35% of preterm born children at school-age 
are in need of special educational services due to neurodevelopmental deficits at school; 
preterm born children tend to have a higher systolic blood pressure [SBP] of 3.8 mmHg 
(95% CI: 2.6-5.0 mm Hg) compared to term born children; and preterm birth is associated 
with a lifelong impaired lung function), it is of importance to investigate whether ART 
offspring is at risk for an less optimal health at later age.55-59
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Long-term outcomes of ART

Cardiovascular and metabolic health
Cardiovascular disease is the number one cause of death worldwide.60 In 2012 an 
estimated 31% of all global deaths were due to cardiovascular diseases. Coronary heart 
disease, causing a heart attack, and cerebrovascular disease, leading to stroke, contribute 
most to this mortality rate.61 Risk factors for the development of cardiovascular disease are 
high blood pressure (BP), high body mass index (BMI) and higher skinfold thickness.62 The 
Dutch famine study showed that adults who were prenatally exposed to undernutrition as 
early embryo’s in the first trimester are at increased risk of the development of coronary 
heart disease compared to non-exposed adults: (9% versus 3%; adjusted odds ratio for 
sex [ 95% CI]: 3.0 [1.1, 8.1]). Those exposed during the second or third trimester did not 
have an increased risk for the development of coronary heart disease.17 As mentioned 
before it was also demonstrated that in vitro culture could affect the birthweight of 
the offspring.52 As it is known that the early environment of an embryo may affect it’s 
physiology and thereby may lead to diseases in later life, it is conceivable that ovarian 
stimulation, the in vitro culture procedure and PGS affect the health of the offspring. 
Ovarian hyperstimulation induces epigenetic changes in the oocyte, induces the growth 
of multiple follicles bypassing the natural selection of the development of one dominant 
follicle, and leads to higher progesterone and oestrogen levels preceding the laboratory 
IVF procedures and in early pregnancy.63 During the in vitro culture procedure and PGS 
oocytes, sperm and embryos are cultured in vitro, possibly affecting their developmental 
phenotype by epigenetic reprogramming. In addition, the aetiology of subfertility may 
contribute to an increased vulnerability for health related problems in later life in the 
offspring, even though the etiological pathways are not clear. In the next paragraphs I 
discuss BP, cardiovascular function, anthropometrics and glucose metabolism in IVF 
offspring.

Blood pressure
The recent meta-analysis of Guo et al. on BP in ART offspring included ten studies, which 
altogether recruited 872 children conceived with the help of IVF/ICSI and 3,034 children 
(aged 4-21 years) who were conceived naturally to fertile couples.64 The authors reported 
a higher SBP (mean difference 1.88 mmHg; 95% CI: 0.27, 3.49) and a higher diastolic 
blood pressure (DBP) (mean difference 1.52 mmHg; 95% Cl: 0.34, 2.70) in the IVF/ICSI 
group compared to the natural conceived group.64 However, they could not determine 
if the higher BP levels in the IVF/ICSI group were due to the IVF procedures and/or the 
underlying parental subfertility, because the authors did not have information on the 
diagnosis or on the duration of subfertility. 

 The study of Pontesilli et al. showed that 5-to-6 year-old naturally conceived children 
born to subfertile couples (n= 220; average TTP 28 months) had a higher DBP (adjusted 
linear regression coefficient β 1.4 mmHg [95% CI: 0.70, 2.30]) than naturally conceived 
children born to fertile couples (n= 2,244; average TTP 3 months).65 This suggests an effect 
of parental subfertility on the BP of the offspring.
 The study of Ceelen et al. reported increased levels of SBP and DBP in Dutch ART 
children aged 8-18 years (n= 225) compared to age and sex matched subfertile controls (n= 
225). The SBP and DBP of IVF children were significantly higher than in controls (109 +/- 11 
mmHg versus 105 +/- 10 mmHg and 61 +/- 7 mmHg versus 59 +/- 7 mmHg, respectively).66 
This suggests an effect of the IVF procedures on BP.
 The prospective follow-up study of Seggers et al. analysed the specific role of COH 
in IVF and revealed that at the age of 4 years the SBP percentiles (mean 68, SD 22) of 
children born after COH-IVF (n= 63) were higher than those of peers (mean 59, SD 24) who 
were born after MNC-IVF (n= 52).67 Adjustment for birthweight, TTP or current weight did 
not alter these results. Although TTP was 1.9 years longer in the COH-IVF group (median 
[range] 4.0 [0.1, 13.3]) than in the naturally conceived group (median [range] 2.1 [0.1, 
11.3]) no differences in BP percentiles were observed between COH-IVF offspring and 
naturally conceived children to subfertile couples.
 Another study compared 8-year-old Belgian children born after ICSI (n= 137) to 
spontaneously conceived children in fertile couples (n= 143).68 They reported higher SBP 
levels in the ICSI group (median [range]: SBP 100 mmHg [80-125] versus 95 mmHg [70-
120] and higher DBP levels in the ICSI group than in the control group (median [range] 
DBP 60 mmHg [45-75] versus 55 mmHg [35-80]). Note, in the analyses only offspring’s 
height and sex were used as confounders and not the severity of subfertility.68 At the 
age of 14 years the authors replicated the study in 217 ICSI conceived children and 223 
spontaneously conceived children to fertile couples, but the investigators could not 
replicate their findings.69 The authors hypothesized that due to the pubertal growth phase 
the tracking of BP from childhood into adulthood is perturbed.70 When the children had 
reached the age of 18 years the authors replicated the study for a second time in 126 ICSI 
conceived adults and 133 naturally conceived adults to fertile couples.71 No differences in 
BP were observed after adjustment for age, physical activity (hours sport/week), alcohol 
consumption, current maternal BMI and current paternal BMI. However, this study had a 
low participation rate (54%), which may have introduced participation bias. As childhood 
BP is known to track into adulthood it is of importance that future studies further 
investigate if a part of the IVF procedure and/or subfertility is associated with a higher 
BP.72
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Cardiovascular function
Some studies investigated if IVF has an impact on the offspring’s cardiovascular morphology. 
In a mouse model cardiovascular morphology showed endothelial dysfunction and an 
increased arterial stiffness in mice conceived with IVF.73 No systematic analysis has been 
performed as up until now too few studies addressed this issue.
 The prospective cohort study of Valenzuela-Alcaraz et al. assessed the cardiovascular 
function of foetuses and infants (at 6 months of age). They included 100 foetuses 
conceived by IVF/ICSI and 100 control pregnancies that were conceived naturally and 
matched for maternal age.74 Ultrasonographic examination at 28-30 weeks of gestation 
showed that IVF/ICSI conceived foetuses had an increased atrial size, thicker myocardial 
walls, tricuspid ring displacement and impaired cardiac relaxation. In addition, IVF/ICSI 
conceived foetuses had a lower left ejection fraction (63% [range 57-68%] versus 69% 
[range 63-73%]). The cardiac output did not differ between the groups. At the age of six 
months IVF/ICSI offspring showed increased right atrial size (median [range]: 2.70 cm2 
[2.6-3.0] versus 2.50 cm2 [2.2-2.9]), thicker right ventricular walls (median [range]: 3.2 mm 
[2.9-3.3] versus 2.8 [2.6-3.2]), thicker aortic intima-media thickness (median [range]: 0.64 
mm [0.62-0.67 mm] versus 0.52 mm [0.45-0.56 mm]). The differences remained significant 
after adjustment for gestational age, birthweight percentile and preeclampsia.74

 A second study assessed the vascular function of 11-year-old children (n= 65) born 
after fresh and frozen IVF/ICSI and 12-year-old naturally conceived controls (n= 57).75 The 
systolic pulmonary artery pressure at high altitude (at the high-altitude research station at 
the Jungfraujoch [Switzerland, 3450 m]) was higher in children conceived by IVF/ICSI than 
in controls (39 ± 11 versus 30 ± 9 mmHg). Carotid intima-media thickness was significantly 
thicker in IVF/ICSI children (410±30 versus 370±20 μm). Others from the same research 
group found differences in cardiovascular function between IVF offspring and naturally 
conceived children at high altitude, but not at low altitude.76

 A fourth research group compared the hospitalization rates in 2,603 children conceived 
with IVF and 237,863 naturally conceived children up to the age of 18 years for valvular 
disorders, hypertension, arrhythmias, cardiomyopathy, ischemic heart disease, and heart 
failure.77 Hospitalization rates were comparable between the two groups and were not 
increased compared to the general population.77 Note that this study compared two 
groups of children up to the age of 18. Cardiovascular disease has, in general, a later onset 
than 18 years.78 Overall, these results highlight the importance of studies on the vascular 
function of IVF offspring later in adult life.

Anthropometrics 
The recent meta-analysis of Guo et al. on BMI included 14 studies, which altogether 
recruited 1,914 IVF/ICSI offspring and 3,881 naturally conceived participants to fertile 

couples aged 2 to 22 years.64 The authors reported no statistically significant difference in 
BMI: the mean difference was -0.04 kg/m2 (95% CI: -0.28, 0.20). They did not report other 
anthropometric outcomes. 
 In line with this meta-analysis, Ceelen et al. found no differences in BMI between 233 
IVF children aged 8-18 years and 233 age and sex matched naturally conceived controls 
who were born to subfertile couples. However, they did find indications that the body fat 
composition in IVF children was different from that of naturally conceived controls.66 The 
IVF children had a significantly lower subscapular-triceps skinfold ratio and a significantly 
higher sum of peripheral skinfolds, peripheral body mass, and percentage of peripheral 
body fat than the controls. This suggests that the IVF procedures may alter the body fat 
distribution of the offspring. As the peripheral body fat of IVF offspring was higher than that 
of natural conceived offspring to subfertile couples this might indicate a disadvantageous 
cardiovascular profile.
 Belva et al. analysed the body fat distribution of 217 ICSI singletons (116 boys, 101 
girls) and 223 naturally conceived singletons to fertile couples (115 boys, 108 girls) at 
the age of 14.79 The study did find differences in anthropometrics - a difference that was 
restricted to the subgroup of girls. Compared to naturally conceived girls, the ICSI girls 
had a significantly higher sum of peripheral and central sum of skinfolds (difference of 2.8 
mm), had a higher waist circumference (difference of 2.1 cm), a higher BMI (difference 
of 1.1 kg/m2) and a higher percentage of body fat mass expressed by waist-to-hip ratio 
(difference of 2%) after adjustment for multiple confounders including gestational age, 
sports frequency and maternal BMI. It should be noted that a number lifestyle confounders 
were excluded (such as diet or type of sport). In addition, the study compared a subfertile 
ICSI group with a fertile control group. This means that the unfavourable anthropometrics 
could also be attributed to subfertility. 
 When the offspring had reached the age of 19 years the authors replicated their study 
on body fat distribution in 126 ICSI conceived singletons (56 men, 70 women) and 223 
naturally conceived singletons (53 men, 80 women).80 ICSI conceived men had a higher 
peripheral fat deposition than naturally conceived peers (difference of 4.6 mm after 
adjustment for physical activity). Body fat distribution and serum levels of leptin did not 
differ between ICSI offspring and naturally conceived offspring. Still this study could not 
determine whether the difference in peripheral fat deposition could be attributed to 
subfertility or the IVF procedures. 
 A recent study showed that a part of the IVF procedure (culture medium) has an 
influence on body composition of offspring. The prospective cohort study of Zandstra 
et al. compared two different embryo culture media used during IVF/ICSI treatment 
and showed that the nature of the in vitro culture medium for human embryos affects 
anthropometric outcomes at the age of 9 years. For example after correction for 
confounders (such as sex, IVF/ICSI, amount of physical exercise), the adjusted difference 
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attributable to culture medium in weight was 1.58 kg (95% CI: 0.01, 3.14) and the adjusted 
difference in BMI attributable to culture medium was 0.84 kg/m2 (95% CI: 0.02, 1.67).81 
The authors underline however, that the results did not indicate which one of the two 
in vitro culture groups could be considered as the healthiest or which group would be 
more vulnerable for the development of disease in later life. This study demonstrates how 
media may affect long-term child anthropometrics. This warrants a close follow-up of IVF 
offspring.

Glucose and lipid metabolism
Mouse models of IVF showed that IVF could result in alterations in glucose metabolism: 
mice conceived with IVF had higher levels of peak glucose and peak insulin than naturally 
conceived mice.82,83 The meta-analysis of Guo et al. included seven studies investigating 
the glucose profiles of 477 IVF/ICSI offspring and 1,852 naturally conceived offspring.64 

Fasting insulin levels of IVF/ICSI offspring was higher (0.38 mIU/L [95% CI: 0.08, 0.68]) 
than that of the naturally conceived controls. However, fasting glucose in both groups was 
comparable (-0.03 mM [95% CI: -0.13, 0.06]). Furthermore, the lipid profiles of 332 IVF/ICSI 
conceived children and 1,701 naturally conceived children were in general comparable.64 
IVF/ICSI offspring only had significant lower levels of LDL cholesterol. No differences in 
HDL cholesterol, total cholesterol and triglycerides were observed, but a trend for lower 
total cholesterol, lower triglycerides, and higher HDL cholesterol was seen. These findings 
indicate a favourable lipid profile in IVF offspring.
 Belva et al. assessed the glucose and lipid metabolism of 18-year-old men and women 
conceived by ICSI (n= 56 and n=70, respectively) and naturally conceived control men 
(n= 53) and women (n= 80).71 ICSI conceived men had lower mean HDL cholesterol 
concentrations in comparison to controls. However, the HDL cholesterol concentrations 
of ICSI conceived men were still well within the normal range. No differences in total 
cholesterol, LDL cholesterol, triglycerides, glucose, and insulin were observed. 
 In summary, multiple studies described a cardiovascular risk profile in ART offspring 
compared to naturally conceived children. These poorer results could often not be 
attributed to confounders such as preterm birth or a low birthweight, but it is not clear if 
they could be attributed to a specific component of the IVF procedure (the hyperstimulation 
of the ovaries as well as the culture media and/or parental subfertility). 

Asthma
Asthma is a reversible pulmonary condition in which the airways narrow causing wheezing 
and shortness of breath.84 Due to the high incidence among children and the impact of 
asthma on child health, asthma has been studied widely in the general population. This 
has led to the identification of many risk factors for the development of asthma. As IVF 

is associated with risk factors for the development of asthma (i.e. preterm birth and 
caesarean section) an association between IVF and asthma is plausible.85 Others suggested 
that IVF per se has been as a causative factor for asthma in the offspring.86

 One of the first studies addressing the possible association between asthma and 
IVF is the study of Carson et al.86 Within the Millennium Cohort study (n= 13,041) the 
International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire was used 
to assess the asthma prevalence and the use of asthma medication in 5 and 7-year-old 
IVF conceived children (n= 104) and naturally conceived children of fertile (n= 6575) and 
subfertile couples (n= 505). Children born after IVF had an increased prevalence of asthma 
(adjusted odds ratio: 2.65 [95% CI: 1.48, 4.76]) compared to children born to fertile 
couples. 
 The second study is the one of Källén et al. who used five or more prescriptions for 
asthma drugs as an indicator of asthma in 2-to-25-year-olds participating in the Swedish 
birth register cohort study (n= 2,628,728). They found an association between IVF and 
asthma in children, which was due to parental subfertility.87 However, it should be noted 
that drugs used in asthma treatment are also prescribed for other indications than asthma, 
i.e. viral infections.88 
 Cetinkaya et al. used a telephone adaption of the ISAAC questionnaire in a case 
control study to investigate the prevalence of asthma in 4.6-year-old children born after 
IVF (n=158) and children of fertile couples (n=102). They found no statistically significant 
difference in asthma prevalence, allergic rhinitis and atopic dermatitis between the two 
groups. However, they did not adjust their comparisons for potentially confounding 
factors, such as parental smoking or birthweight, and prevalences of asthma and allergic 
rhinitis were not provided.89

 In summary, the above results suggest that there could be a link between IVF and 
asthma, but it is not clear if this is due to the IVF procedures, parental subfertility or a 
combination of both.

Pubertal development
The primary sexual characteristics are present at birth, while the secondary sexual 
characteristics emerge and develop during puberty. Puberty is initiated by hormonal 
signals from the brain to the gonads and result (among other things) in changes in the 
breast development, growth of sexual hair, height, growth of reproductive organs and 
increase in body weight. 
 A limited amount of studies evaluated the pubertal development of ART offspring.90 
Most studies focussed on the semen quality and pubertal development of ICSI boys. 
The growth during pubertal development in IVF/ICSI boys and girls was investigated by 
multiple studies with overall reassuring findings.91-93 
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Females

Belva et al. investigated the development of secondary sexual characteristics and 
menarche in 14-year-old IVF offspring (n= 101) and 14-year-old naturally conceived 
controls (n= 108) using parental questionnaires and by physical examination. Age at 
menarche did not differ between ICSI and naturally conceived girls: 13.1 ± 1.2 versus 
13.1 ± 1.4 years. Furthermore, differences regarding breast development at the age of 
14 years were observed. Breast development was less advanced in ICSI girls. Adjustment 
for multiple confounders (age, BMI, maternal age at menarche, maternal educational 
level, birthweight, gestational age and maternal parity) did not alter this result: adjusted 
odds ratio: 0.5 (95% CI: 0.3, 0.8).94 The authors stated that this was an unexpected 
finding as breast development and menarche follow a fixed pattern and no difference in 
menarche was observed. Another study could not replicate this finding regarding breast 
development.95

 Belva et al. investigated the serum reproductive hormone levels and ultrasound 
findings in female ICSI offspring (n= 71) aged 18 to 22 years and naturally conceived 
controls (n= 81).96 No abnormalities were noted in either reproductive hormone profiles 
or in ovarian morphology. While these are overall reassuring findings, it should be noted 
that this study was limited by single blood measurements, had a relatively small sample 
size, had limited information on the type hormonal contraceptive (77% of the study 
population used hormonal contraceptives) and had limited information on the menstrual 
cycle of the participants.

Males

Determined by parental questionnaires and physical examination one study showed that 
Tanner staging was comparable in 14-year-old ICSI conceived boys (n = 116) and naturally 
conceived peers (n= 115).94 The salivary testosterone levels of 58/116 ICSI boys and of 
62/115 naturally conceived boys did not differ: 113 ± 42 pg/ml and 123 ± 56 pg/ml, 
respectively.97 The salivary testosterone levels of ICSI conceived boys of fathers diagnosed 
with and without oligozoospermia did not differ.97 At the age of 18-22 years 54 males 
conceived with ICSI had more often inhibin B levels below the 10th percentile and FSH 
levels above the 90th percentile than 57 naturally conceived males without and with 
adjustment for confounders (such as age, BMI and season).98 In men lower levels of inhibin 
B and higher levels of FSH are associated with low total sperm counts. ICSI conceived 
men had more often sperm concentrations below 15 million/mL (adjusted odds ratio2.7 
[95% CI: 1.1, 6.7]) and a total sperm count below 39 million (adjusted odds ratio 4.3 [95% 
CI: 1.7, 11.3]) than naturally conceived peers after correction for confounders including 
abstinence period and time from ejaculation to analysis.99 Men with sperm concentrations 
below 15 million/mL and/or a total sperm count below 39 million are considered to have 

a low sperm count.100 The data indicate that future studies addressing the reproductive 
abilities of IVF and ICSI offspring are certainly needed.

Neurological development
In the last few decades the development of the human brain and nervous system of 
ART offspring received substantial attention. The systematic review of Middelburg et al. 
conducted in 2008, which included nine large registry based studies, suggested that IVF/
ICSI per se does not increase the risk for severe neuromotor handicaps such as cerebral 
palsy (CP).101 The previously reported association between IVF/ICSI and CP could be 
attributed to preterm birth and low birthweight and disappeared after adjustment. This 
may imply that the neurological sequelae observed in IVF offspring is due to the adverse 
obstetric outcomes in IVF pregnancies. 
 However, there are several studies indicating that parental subfertility could have an 
adverse effect on the neurodevelopment of the offspring. The study group of Zhu et al. 
described that offspring of subfertile couples (n= 4,351) at 18 months had a pattern of 
psychomotor development that did not differ from the offspring fertile couples (n=37,897). 
However, an increasing TTP correlated with a modest delay in the achievement of motor 
milestones at 18 months.102 Adjustment for gestational age did not alter this result. 
 Seggers et al. and Schendelaar et al. found that an increased TTP is associated with 
a suboptimal neurological condition in 2-year-old (n= 209) and 4-year-old singletons (n= 
195) born to subfertile couples, respectively.103-104 The neurological condition was assessed 
using the detailed and age-specific neurological examination according to Hempel (see 
box 1). 
 In 7-year-old children Zhu et al. found that children conceived naturally to subfertile 
couples (n= 1,614) had a slightly higher risk of developmental coordination disorder (DCD 
[see box 1]) compared to children conceived naturally to fertile couples (n= 14,928).105 
Additional adjustment for preterm birth did not alter this result. The study did not have 
any further information about duration of TTP longer than 12 months and therefore could 
not address the question if an increased TTP was associated with a higher risk of DCD.
 On the other hand, several studies did not demonstrate a difference in the neurological 
development of ART offspring and naturally conceived children. For example the study of 
Knoester et al. reported no significant difference after adjustment for parity in neuromotor 
development, between 5-to-8-year old ICSI (n= 81) and natural conceived children (n= 
85), assessed with an age-specific assessment for minor neurological dysfunction (MND, 
see box 1).106 The study of Levi-Shiff et al. evaluated the neurological development at the 
age of 9-10 years of 51 children conceived with IVF and 51 naturally conceived children.107 
A general paediatric examination showed no pathological differences between the two 
groups. Note, that the studies of Levi-Shiff et al. and Knoester et al. did not adjust for 
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infertility, but still did not find a difference regarding neurological condition between 
IVF/ICSI children and naturally conceived children. In other words no negative effect of 
subfertility on the neurological condition was seen. 
 Well-designed, well-powered, follow-up studies that start before and end after the 
neurodevelopmental transition that takes place between 7 and 9 years are needed 
to investigate if parental subfertility and/or IVF procedures influence neurological 
development of ART offspring.108

Box 1

The Hempel assessment for MND
The Hempel neurological assessment is an age-specific detailed neurological examination 
for preschool age children (1.5-4 years). It pays special attention to the presence of minor 
neurological dysfunction (MND).
Dysfunction is assessed in five domains of function, that can be classified as typical or deviant: 
(1) Fine motor function;
(2) Gross motor function;
(3) Posture and muscle tone;
(4) Reflexes;
(5) Visual motor function.
Children are classified as neurologically normal, simple MND or complex MND.108

Neurologically normal implies that no domains are deviant or only the domain of reflexes. 
Simple MND means the presence of one deviant domain (except reflexes) and it indicates a 
suboptimal, yet normal form of brain function. 
Complex MND implies the presence of multiple deviant domains; it represents the clinically 
relevant form of MND. Children with this form of MND have an increased risk for ASD, ADHD, 
and DCD.
The Hempel examination may also be used to calculate the neurologic optimality score and a 
fluency score by determining the number of items scored in a predefined optimality range. The 
neurologic optimality score (range: 0-58) evaluates subtle differences in neurological outcome, 
since the range for optimal behaviour is narrower than that for normal behaviour.109 The fluency 
score (range: 0-13), a sub-score of the NOS, deals with the fluency of motor behaviour.110

Developmental coordination disorder (DCD) questionnaire
DCD occurs when a delay in the development of motor skills or coordinating movements results 
in a child being unable to perform common everyday tasks. The DCD questionnaire is a parental 
questionnaire consisting of 15 items and was designed to screen for these coordination disorders 
in children, aged 5 to 15 years.111 Parents are asked to compare their child’s motor performance 
with peers using a 5-point Likert scale. A total score (15-75 points) consists of the sum of each 
item (1-5 points). A high score suggests no DCD. In the study, of Zhu et al. DCD is defined as a 
total score of 46 or below (as recommended by the developers of the DCD questionnaire).

Behavioural and Cognitive development
Investigation of behavioural development of children is difficult. Typically, it is already 
difficult to control for parental attitudes towards their children, parental expectations of 
their children and the environment in which children grow up. Moreover, families in which 
parents conceived with the help of ART may be different in a variety of ways (parental age, 
family size and socioeconomic status) from that of families in which parents conceived 
naturally.112,113 In addition, it is possible that ART parents are more aware of having a child 
as they spent much time and effort to conceive and therefore may appreciate the value 
of their offspring and of parenthood more intensely.114 This all could influence a child’s 
behavioural development and the parents’ perception of this development. 
 Overall, studies showed reassuring results: no differences were reported in the 
incidence of behavioural problems in IVF/ICSI conceived children compared to naturally 
conceived peers.101,112,113 Some studies hypothesized that due to perinatal adversities 
related to IVF (e.g. preterm birth), IVF offspring is at increased risk for attention deficit 
hyperactive disorder (ADHD) and autism spectrum disorders (ASD).115,116 The pilot study of 
Zachor et al. conducted in an ASD centre (n= 507; 11% was conceived with ART), identified 
ART as a risk factor for ASD.117 However, a large case-control study, which included 4,053 
ASD cases and 16,143 control cases, did not find an association between IVF and ASD.118 
Regarding ADHD, Källén et al. performed a data linkage study of prescriptions for ADHD 
drugs, but did not find an association between the use of ADHD prescriptions and IVF.119 
Beydoun et al. tried to unravel if IVF was associated with the prevalence of ADHD, but their 
study suffered from a low response rate (31%) on a self-administrated questionnaire.120 

The authors did not find an association between IVF and ADHD.
 The cognitive development of ART offspring has been studied in a variety of ways. 
Overall, findings were reassuring: the IVF procedures do not seem to have a negative 
influence on the cognitive function of the offspring.101,121 Regarding subfertility, the study 
of Zhu et al. found that a longer TTP was associated with a delay in achieving certain 
cognitive and language developmental milestones at the age of 1.6 years (n= 3,309).102 

Researchers who investigated whether TTP influenced the cognitive development of 
children participating in the Millennium Cohort Study at the age of 3 years (n= 11,790) 
and at the age of 5 years (n= 12,136) did not find evidence that subfertility per se has an 
effect on cognitive ability scores.122

Ocular health
The formation of the eye in the human embryo starts at week three and ends in the 
tenth week of embryonic development.123 During this period the eye expresses estradiol 
and progesterone receptors in multiple ocular structures.124,125 After COH-IVF serum 
progesterone and estradiol concentration are higher in early pregnancy (three and two 
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times higher, respectively), lasting up until week 6, compared to natural pregnancies.126 

Therefore it is possible that the hormones used in COH-IVF may indirectly affect the eyes 
of offspring.127 In addition, it is well known that preterm born children have an increased 
risk of adverse ophthalmic conditions, such as refractory errors and amblyopia.128 This 
would imply that IVF offspring is at increased risk of ophthalmic conditions.
 One study (n= 24,628) found an increased risk for visual impairment among children 
born after IVF, which may be secondary to subfertility.129 Three smaller studies also 
addressed visual acuity of IVF offspring. However, the conclusions of these studies were 
inconsistent, probably due to the relative small sample sizes of the studied groups.130-132 

The systematic review by Toro et al. concluded that the available data are inadequate to 
draw a firm conclusion regarding the possible influence of ART on ocular function of the 
offspring.127

Twins
Since 2000 the number of IVF twin pregnancies has been gradually decreasing in Europe 
due to (elective) single embryo transfer.133 Nevertheless, a large cross-county variation 
in IVF twin birth is seen, with in 2012 small numbers in the Nordic European countries 
(multiple delivery rate per cycle: 5.2 in Iceland; 11.4 Norway; 7.4 in the Netherlands) 
and larger numbers in East European countries (multiple delivery rate per cycle: 31.7 
Montenegro; 34.1 Serbia; 22.8 Ukraine).133 In general twin pregnancies are associated 
with an increase in maternal pregnancy complications (such as pregnancy induced 
hypertension and gestational diabetes) and with worse perinatal outcomes (preterm birth 
and low birthweight) compared to singletons pregnancies.134-136 The same holds true when 
comparing IVF twin pregnancies with IVF singleton pregnancies.137 In addition, neonatal 
and maternal outcomes were significantly better for women undergoing two IVF singleton 
pregnancies compared with one IVF twin pregnancy (after dual embryo transfer).138 Some 
studies even suggested that the perinatal outcome of IVF twin pregnancies might be 
worse than that of naturally conceived twin pregnancies; they showed an increased risk 
of obstetrical complications, preterm birth and perinatal mortality. However others did 
not demonstrate differences between IVF twin pregnancies and naturally conceived twin 
pregnancies.139,140

 Although an increased risk of perinatal adversities was observed in twin pregnancies 
conceived after IVF compared to singleton pregnancies conceived after IVF, only a few 
studies addressed the long-term developmental outcomes after the perinatal period in 
IVF conceived twins and in IVF conceived singletons. In the next paragraph I discuss the 
neurodevelopment health, cognitive development, BP and anthropometrics of twins 
conceived with IVF and singletons conceived with IVF.

 The large controlled, national register based Danish cohort study analysed the 
prevalence of CP, mental retardation, severe mental developmental disturbances, and 
retarded psychomotor development in 3,393 twins and 5,130 singletons conceived by 
using ART and 10,236 naturally conceived twins.141 Physicians made the neurological 
diagnoses when the children were 2-to-7 years old. The study did not show a difference 
regarding the neurological outcomes (e.g. prevalence of CP and psychomotor retardation) 
between twins born after IVF/ICSI, singletons born after IVI/ICSI and naturally conceived 
twins. Adjustment for zygosity, low birthweight or sex did not alter the results. No 
differences were found in neurological outcomes between twins conceived after IVF and 
ICSI. In addition, a population-based retrospective Swedish cohort study included all twins 
born between 1982-1995 and compared the prevalence of CP in 2,060 twins born after 
IVF and 4,120 naturally conceived control twins.142 With respect to risk of neurological 
sequelae the study concluded that twins born after IVF did not differ from control twins: 
prevalence rates of CP were 7.4 and 6.9 per 1000 children in IVF conceived twins and 
spontaneously conceived twins, respectively.
 Whereas the neurological development of IVF conceived twins and IVF conceived 
singletons did not differ, two studies suggested that the cognitive development of IVF 
conceived twins and IVF conceived singletons do differ. The study of Bonduelle et al. 
reported that the cognitive development at 2 years, as measured by the Bayley Scales of 
Infant Development, of twins born after IVF/ICSI (n= 61) was significantly worse than that 
of singletons born after IVF/ICSI (n= 69).143 The study of Pinborg et al. demonstrated that 
3-4-year-old IVF/ICSI conceived twins (n= 454) were more likely to receive speech therapy 
than IVF/ICSI conceived singletons (n= 656).144 The difference in speech therapy remained 
statistically significant after adjustment for birthweight.
 Studies comparing the anthropometrics and cardiovascular health of twins born 
with the help of IVF and IVF conceived singletons are rare. The study by Saunders et al. 
from 1996 compared the growth and physical development at the age of 2 years of 196 
singletons and 47 sets of twins born after IVF.145 Weight percentiles did not differ between 
the twins and singletons when age was corrected for prematurity. No other comparison in 
this study was made between twins conceived after IVF and singletons conceived after IVF. 
 All in all, there is little information on the health and development of IVF twins and no 
information beyond the age of seven years.

Health after PGS

The invasiveness of the embryo biopsy inherent to PGS has induced questions on its 
safety. The study of Mastenbroek et al. demonstrated a decrease of live birth rates after 
IVF/ICSI with PGS performed with day-3 embryo biopsy and the study of Twisk et al. found 
no evidence of an increase in live birth rates after IVF/ICSI with PGS performed with 
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day-5 biopsy embryo biopsy.41,146 Still PGS is increasingly used and as PGS includes more 
extensive embryo manipulation than IVF, PGS has raised multiple questions with regard 
to child development.147 But despite the extensive use of PGS only a few studies have 
addressed the long-term outcomes of PGD/PGS and only one systematic review has been 
carried out.148

 Multiple studies have investigated whether neurodevelopment of PGD/PGS offspring 
differs from that of IVF/ICSI offspring without PGD/PGS. At the age of 2 years two studies 
evaluated the psychomotor and neurological outcomes of PGD and PGS offspring.149-151 
One study used a prospective, case-controlled design and compared two-year-old 
singletons born after PGD/PGS (n= 70) with singletons conceived after ICSI (n = 70) and 
naturally conceived singletons (n = 70). No effects of PGD/PGS with an unknown day of 
biopsy on psychomotor development and neurological functioning were found.150,151 The 
prospective follow-up study of a RCT on PGS with day-3 embryo biopsy (carried out by our 
research group), reported that 2-year-old PGS offspring (n= 54) had a lower neurological 
optimality score (see box 1, page 30) than 2-year-old IVF offspring (n= 77).149 This follow-
up study reported that at the age of 4 years this difference persisted on the fluency 
score (see box 1, page 30) in twins, but had disappeared in singletons.152 At the age of 
5-6 years two studies have investigated the safety of day-3 and day-5 embryo biopsy for 
psychomotor development by comparing three groups of singletons: (1) PGD offspring; 
(2) IVF/ICSI offspring; (3) naturally conceived offspring. The studies found no effect of PGD 
on psychomotor development.153,154 
 Three study groups investigated the behavioural development of PGS/PGD offspring. 
Two study groups did not find a difference between day-3 or day-5 PGD offspring and IVF/
ICSI offspring and naturally conceived children at the age of 5-6 years.155,156 The other study 
group described a similar behavioural development of day-3 PGS and IVF/ICSI offspring at 
the age of 2 years (54 PGS children and 77 controls) and 4 years (49 PGS children and 64 
controls).149,152

 Three study groups addressed the cognitive development of PGD/PGS offspring. Two 
studies investigated the safety of day-3 and day-5 embryo biopsy (PGD) on the cognitive 
development at the age of 5-6 years.153,156 They reported no differences between the PGD, 
IVF/ICSI conceived and naturally conceived singletons. The third study found that day-3 
PGS does not affect the behavioural development of 4-year-old singletons and twins.152

 Two study groups have evaluated the anthropometrics (including BMI, height, weight 
and skinfolds) and BP of children born after IVF with and without PGD/PGS. Both groups 
did not demonstrate an effect of PGD/PGS on BP and anthropometrics at the age of 
2.157-159 However, it was not recorded if the group evaluating PGD used day-3 or day-5 
embryo biopsy. At the age of 5-6 years the authors replicated the study in 87 children 
born after PGD with day-3 embryo biopsy and 87 ICSI conceived peers. The study found no 
differences in height, weight, body fat distribution or BP between the two groups.160 The 

other study group found no effect of day-3 PGS on BP and anthropometrics at the age of 
4 years.161

 Although PGS with day-3 and day-5 embryo biopsy is increasingly used, the knowledge 
on long-term consequences of embryo biopsy is limited. Detailed follow-up studies are 
needed to study if there is an effect of PGS on the offspring.

Aim of the Thesis

The aim of this thesis is to determine whether ovarian hyperstimulation, the in vitro culture 
procedure and PGS are associated with one or more of the following health parameters 
of children born to subfertile couples: anthropometrics, asthma, BP, neurodevelopment 
and visual acuity. If the studies of this thesis will provide evidence for adverse effects of 
components of the ART procedure, effort should be made to improve the ART technique 
in order to reduce long-term health effects of the offspring. In order to investigate the 
possible associations we used the ‘Groningen ART cohort study’ and the ‘PGS-trial’ 
conducted by Mastenbroek et al.

The Groningen ART cohort study

The Groningen ART prospective cohort study is unique in its design. This longitudinal 
assessor-blinded follow-up study makes it possible to separately evaluate the effects of 
IVF and its components on the offspring’s health. Couples who successfully conceived 
after receiving ART or conceived naturally while on the waiting list for infertility treatment 
at the Department for Reproductive Medicine at the University Medical Center Groningen 
(UMCG) and had a term date during 1 March 2005 and 31 December 2006 were 
approached during the third trimester of pregnancy to participate in the Groningen ART 
cohort study. The born singletons were divided into the following groups of singletons:

1) singletons born after COH-IVF; 
2) singletons born after MNC-IVF;
3) singletons who were conceived naturally (Subfertile-naturally conceived; Sub-NC).

The composition of the study groups allowed us to make three comparisons, depicted 
in Figure 2. Placement in the COH-IVF group depended on the presence of ovarian 
hyperstimulation. Within the Groningen ART cohort study the overall doses of FSH used 
during COH is on average (median [range]) 1500 (650-6400) IU. Criteria for inclusion in the 
MNC-IVF group were female age between 18 and 36 years, no ovarian hyperstimulation, 
no previous unsuccessful COH-IVF treatment or first IVF treatment after pregnancy, 
regular ovulatory menstrual cycle of 26-35 days and a BMI of 18-28 kg/m2. In the MNC-IVF 
group when a lead follicle with a mean diameter of at least 14 mm was observed a daily 
dose of 150 IU FSH, up to the day of ovulation triggering was given, which was by average 
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3 days (average total dose median [range]: 450 [150-1800] IU).162 Couples who conceived 
naturally after 1 year after the start of unprotected intercourse and were waiting for 
fertility treatment at the department of Reproductive Medicine formed the Sub-NC group. 
The presence of the Sub-NC group prevents the overestimation of the possible effect of 
IVF. Only pregnancies resulting from fresh embryo transfer were included. Children born 
after oocyte or embryo donation were excluded. The twins resulting from the pregnancies 
after COH-IVF, MNC-IVF and Sub-NC pregnancies and with a term date in the same period 
as the singletons of the ART cohort study were followed with the same assessment 
procedures as the singletons of the ART cohort study. 

Figure 2. Figure 2 shows an overview of the three groups of the Groningen ART cohort study. Note, 
that all singletons are born to subfertile couples. Comparing COH-IVF with MNC-IVF reveals the 
effect of ovarian hyperstimulation. Differences between the MNC-IVF and Sub-NC groups can be 
attributed to the in vitro procedure.

The children of the Groningen ART cohort were neurodevelopmentally assessed at 
several ages: 2 weeks, 3 months, 4 months, 10 months, 1.5 years, 2 years, 4 years and 
9 years. At the age of 4 a questionnaire on general health outcomes, including asthma, 
the measurement of BP and anthropometrics was added to the neurodevelopmental 
follow-up. Up to and including 4 years of age neurological, cognitive and behavioural 
development of the COH-IVF, MNC-IVF and Sub-NC group was similar. Yet, subfertility was 
associated with less favourable outcome on these parameters.103,163-165 This means that 
the ovarian stimulation used in IVF and the in vitro culture procedure did not affect the 
neurodevelopmental outcomes up until 4 years.103,166 On the other hand, the follow-up at 
4 years revealed that the SBP levels in the COH-IVF group were higher than those in the 
MNC-IVF group.67 In addition, we found an increased subscapular skinfold thickness in 
children conceived with COH-IVF in comparison to the Sub-NC group.67 This suggests that 

the conventional ovarian stimulation in IVF may have a minor negative effect on the child’s 
cardiovascular profile. At the age of 9 we reassessed these outcome parameters.
 Figure 3 shows the flow chart of the singletons participating in the Groningen ART 
cohort up until the age of 9 years. Attrition in the three groups of the Groningen Cohort 
study after 9 years of follow-up was 21%, which is acceptable.167

Figure 3. Figure 3 shows the flow chart of the singletons participating in the Groningen ART cohort 
study.

The PGS-Trial 

The PGS-trial was a multicenter trial (Academic Medical Center in Amsterdam and UMCG) 
on PGS. The trial initially started as a double blinded RCT evaluating the efficacy of day-
3 cleavage stage PGS on ongoing pregnancy rates.146 The trial consisted of two groups 
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receiving a reproductive technique (IVF or ICSI), one with PGS (PGS group) and one without 
PGS (control group) (see Figure 4). Inclusion criteria were: (1) female age of 35 through 
41 years; (2) no previous failed IVF cycles; (3) no objection to a possible double-embryo 
transfer. Women who fullfilled these criteria and provided written informed consent were 
randomly assigned to IVF with or without PGS between May 2003 and November 2005 
by a computer program with a minimization procedure for age (35 through 37 years and 
38 through 41 years), IVF/ICSI and with stratification according to study center, before the 
first follicular aspiration. The PGS-trial showed that PGS significantly reduced the rates of 
ongoing pregnancies and live births after IVF in women of 35 through 41 years.146 After 
having evaluated the ongoing pregnancy rates, the focus of the PGS-trial shifted towards 
the health and development of PGS offpsring. At the age of 2 years children born after IVF 
with PGS showed lower neurologic optimality scores than the control children.149 At the 
age of 4 years this difference in neurologic optimaltiy scores persisted in twins, but had 
disappeared in the singletons.152 Furhtermore, at the age of 4 years BP, anthropometrics, 
behavioral and cognitive development did not differ between the two groups.152,161 
Chapter 8 of this theses addresses the offspring’s outcome at the age of 9 years. This 
chapter also includes the flow-chart of the PGS-trial.

Figure 4. Figure 4 shows an overview of the two groups. Comparing the two groups reveals the 
effect of PGS.
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Outline of this thesis

The studies in this thesis concern the anthropometric, behavioural, cardiovascular, 
cognitive, neurologic, ocular and pulmonary outcomes of children born to subfertile 
couples following IVF with or without PGS. The thesis is divided into four parts;

Part I: IVF twins

Chapter 2 focuses on IVF twins. it is well known that in general more pregnancy 
complications and poorer obstetric outcomes are seen in twins versus singleton 
pregnancies. This chapter addresses whether IVF contributes to adverse health outcomes 
in IVF twins at the age of 4 years. 

Part II: The Groningen ART cohort study

In this prospective cohort study we separately evaluate the effect of ovarian 
hyperstimulation and the in vitro culture procedure on the prevalence of asthma, visual 
acuity and cardiovascular outcomes by evaluating these outcomes in children born 
following COH-IVF, MNC-IVF and naturally conceived children born to subfertile couples. 

Chapter 3 describes the prevalence of asthma and use of asthma medication in 4-year-old 
offspring of the three groups of the Groningen ART cohort study. 

Chapter 4 uses the ISAAC questionnaire to assess the prevalence of asthma and use of 
asthma medication in 9-year-old offspring of the three groups of the Groningen ART 
cohort study.

Chapter 5 focusses on the possible effect of ovarian hyperstimulation and the in vitro 
culture procedure on IVF offspring’s visual acuity at the age of 9.

Chapter 6 reports on the possible effect of ovarian hyperstimulation and the in vitro 
culture procedure on the cardiovascular health of the 9-year-old children born to subfertile 
couples. 

Chapter 7 presents the cardiovascular outcomes of the Groningen ART cohort study as 
one subfertile group and compares the outcomes to a fertile reference group at the age of 
9. In this way we could study the effects of the presence of subfertility on cardiovascular 
health at 9 years.

Part III: The PGS-Trial 

Chapter 8 focuses on PGS. Because of the relatively low pregnancy rates after IVF, new 
technologies, like PGS have been developed to improve the efficiency of IVF. In PGS an 
embryo is biopsied and screened for aneuploidies. Yet, very little is known on the long-
term consequences of this type of embryo manipulation. This chapter describes the 
consequences of day-3 cleavage-stage PGS on the neurodevelopment and cardiovascular 
health of 9-year-old IVF offspring.

Part IV: General discussion, future perspectives and summary

Chapter 9 Contains the general discussion and future perspectives.

Chapter 10,11 Summarizes the content of the studies in English and Dutch
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Abstract

This prospective cohort study evaluated whether the cognitive development, neurological 
condition, anthropometrics and blood pressure of 4-year-old IVF twins differed from those 
of 4-year-old IVF singletons; 103 IVF singletons and 48 IVF twins born after conventional 
IVF treatment were included. Primary outcome was total intelligence quotient (IQ). 
Secondary outcomes were minor neurological dysfunction, anthropometrics and blood 
pressure. Unadjusted analyses found that the total IQ score of twins was lower than that 
of singletons, with a mean difference of −5.4 (–9.7 to −1.0). Weight (singletons: 18.6 
[18.1 to 19.1] kg; twins: 16.9 [16.0 to 17.9] kg) and height (singletons: 108.8 [107.9 to 
109.8] cm; twins: 105.9 [104.0 to 107.7] cm) of twins were lower than those of singletons 
(mean values [95% CI]). All differences disappeared after adjusting for mediators and 
confounders. Neurological outcome, systolic and diastolic blood pressure of twins and 
singletons were similar. Four-year-old IVF twins had a lower total IQ (−5.4 points), lower 
bodyweight (−1.7 kg) and were shorter (−2.9 cm) than 4-year-old IVF singletons. After 
adjustment, the adverse twin effect disappeared, implying that increased risk for impaired 
health and development in twins also holds true for IVF twins, and is not altered by IVF.

Introduction

Worldwide, the number of twin pregnancies is gradually increasing, partly because of 
the steadily rising application of assisted reproduction techniques, such as IVF and 
intracytoplasmic sperm injection (ICSI).1 In Europe, however, the general multiple birth 
rate has declined since 2000, because of increased use of elective single embryo transfer 
in IVF.2 Nevertheless, in 2012, 17.9% (17.3% twins and 0.6% triplets) of all European IVF 
pregnancies resulted in multiple births, with large cross-county variation ranging from 
5.2% in Iceland, 7.4% in the Netherlands, up to 37.2% in Lithuania.
 The high number of multiple births has caused concern. In general, twin pregnancies 
are associated with worse perinatal outcome than singleton pregnancies.3 In addition, 
perinatal outcome of IVF twin pregnancies might be worse than that of naturally conceived 
twin pregnancies; some studies have suggested that IVF twin pregnancies are associated 
with an increased risk of obstetrical complications, such as preterm birth, low birthweight, 
Caesarean section and perinatal mortality, whereas others did not.4-8

 Despite the high number of multiple births in IVF pregnancies, and the increased risk 
of obstetric complications in IVF twins, only a few studies have addressed differences in 
developmental outcome after the perinatal period between IVF twins and IVF singletons. 
Bonduelle et al. reported that cognitive development at 2 years, as measured by the 
Bayley Scales of Infant Development of twins born after IVF or ICSI, was significantly worse 
than that of singletons born after IVF or ICSI.9 It was not clear, however, whether this 
difference could be attributed to a higher prevalence of perinatal adversities in twins. 
Pinborg et al., who used parental questionnaires to study developmental outcome, found 
that 3–4-year old IVF/ICSI twins were more likely to receive speech therapy than IVF/
ICSI singletons. This difference persisted when effect modification by birth weight was 
taken into account.10 Pinborg et al. also reported that the prevalence of cerebral palsy 
and psychomotor retardation in IVF twins aged between 2 and 7 years was similar to that 
of IVF singletons.11 To the best of our knowledge, no study has addressed differences in 
cardiometabolic health between IVF twins and IVF singletons in childhood. Yet, it is known 
that naturally conceived twins are lighter and shorter than naturally conceived singletons 
at 4 years and at 9 years.12-14 Whether naturally conceived twins are at higher risk for 
cardiovascular morbidity than naturally conceived singletons is not clear. The study by De 
Geus et al. suggests that this is not the case: adult blood pressure of naturally conceived 
twins was similar to that of their naturally conceived singleton siblings.15

 The above overview indicates that our knowledge on differences in developmental 
outcome and cardiometabolic health between IVF twins and IVF singletons is limited. 
Therefore, the aim of the present study was to evaluate whether cognitive development 
in intelligence quotient (IQ) scores, neurological outcome of minor neurological 
dysfunction (MND), anthropometrics, including skin fold thicknesses, and blood pressure 
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of 4-year-old IVF twins differs from that of 4-yearold IVF singletons. We hypothesized that 
developmental outcome and cardiometabolic condition of IVF twins is worse than that of 
IVF singletons, but that this difference will disappear after adjustment for effect mediators 
such as gestational age at birth and being small for gestational age.16-19

Materials and methods

Participants

Participants were singleton and twin members of the Groningen ART cohort study and the 
multicenter (Amsterdam Medical Center and University Medical Center Groningen) PGS 
Follow-up Study. The Groningen ART Cohort Study is a longitudinal assessor-blinded follow-
up study aiming to investigate the potentially independent effects of ovarian stimulation 
and the in-vitro laboratory procedures on the offspring’s health and development. To 
this end, subfertile couples (couples who were not able to conceive within 12 months 
of the start of unprotected sexual intercourse) and couples who were not infertile were 
recruited at the Department of Reproductive Medicine of the University Medical Center 
Groningen between March 2005 and December 2006. The Groningen ART cohort study 
consists of three groups of children: children born after ovarian stimulation and IVF/ICSI, 
i.e., conventional IVF/ICSI; modified natural cycle IVF; and natural conception (for details 
see Middelburg et al., 2009).20 In the present study only singletons and twins conceived 
after ovarian stimulation and IVF/ICSI were included. Note that, in previous publications, 
we only reported on health and development of the singleton infants of the Groningen ART 
cohort. The PGS Follow-up study is a randomized, double-blind, controlled trial in which 
outcome of children born after ovarian stimulation and IVF with preimplantation genetic 
screening (PGS) is compared with that of children born after ovarian stimulation and IVF/
ICSI without PGS. Women meeting the inclusion criteria, e.g., age ranging between 35 
and 41 years, and having had no previously failed IVF-cycles, were recruited for the PGS 
trial at the Department of Reproductive Medicine of the Amsterdam Medical Center or 
University Medical Center Groningen between May 2003 and November 2005 (for details 
see Mastenbroek et al., 2007).21 In the present study, only children who were conceived 
without PGS were included. Because of the slightly different inclusion criteria of the two 
studies background (social, fertility, and neonatal) characteristics of the groups showed 
some differences. Compared with the Groningen ART study, in the PGS study, maternal and 
paternal age at conception was higher (maternal age; mean values, [SD]): PGS 37.7 [1.63]; 
assisted reproduction techniques 32.9 [3.23]; P = 0.001), maternal educational level was 
higher (PGS 56%; assisted reproduction techniques 38%; P = 0.032), children were more 
often conceived with the help of ICSI (PGS 44%; assisted reproduction techniques 64%; 
P = 0.019) and more often had a low Apgar score (<7) (PGS 54%; assisted reproduction 

techniques 0%; P < 0.001). Other background characteristics did not differ between the 
two studies (data not shown). 
 In both studies, children born after oocyte or embryo donation and after oocyte 
cryopreservation were excluded. All participating children were born to subfertile parents, 
i.e., couples who were not able to conceive after 12 months of unprotected sexual 
intercourse. Four-year-old outcomes of the Groningen assisted reproduction technique 
cohort singletons born after ovarian stimulation and IVF and that of the PGS singletons 
conceived without PGS have been reported previously.22-25

 A total of 89 neonates born as a result of ovarian stimulation and IVF/ICSI were 
recruited in the Groningen ART cohort study (26 twin infants and 63 singletons); 62 
ovarian stimulation and IVF/ICSI neonates without PGS in the PGS study (22 twin infants 
and 40 singletons). Attrition at the age of 4 years was 11% in the Groningen ART cohort 
study (7% in singletons, 19% in twins), 17% in the PGS study (15% in singletons, 21% in 
twins), resulting in an overall attrition of less than 15%. As a result, 103 singletons and 48 
twins born after ovarian stimulation and IVF/ICSI participated in the follow-up at 4 years. 
Attrition among singletons was non-selective in social and perinatal background factors. 
Attrition in twins, however, was selective: couples of twin pregnancies who dropped out of 
follow-up had a lower education than couples of twins retained in follow-up (prevalence 
of high education: maternal, drops outs 0%, retained 54% (P = 0.001); paternal, drop outs 
17%, retained 53% (P = 0.048). In addition, twin dropout was associated with maternal 
smoking during pregnancy and low birthweight (maternal smoking: attrition 17%, included 
in follow-up 0%; P = 0.040; birth weight: attrition 2074 g, included in follow-up 2480 g; P 
= 0.009). Of the 48 twins who participated in the study 44 (92%) were born after double 
embryo transfer. Information on the number of embryos transferred in the remaining two 
twin pregnancies was lacking.
 Information on socioeconomic status and the prenatal, perinatal and neonatal period 
was collected on standardized charts. High level of education was defined as a higher 
vocational education or university education. Information on time to pregnancy (TTP), 
a proxy for the severity of subfertility, was retrieved from the medical files. Note, that in 
case of miscarriage TTP can be less than 1 year, as TTP has a new onset. Parents provided 
written informed consent. The Medical Ethics Committee of the UMCG approved the 
study design of the follow-up at 4 years of both the Groningen ART cohort study and the 
PGS Follow-up study on 7 July, 2009 (reference number M09.074824).

Follow-up assessment

The follow-up examination at the age of 4 years took place at the University Medical 
Center Groningen or, when a family was not able to come to the University Medical Center 
Groningen for logistic reasons, at the child’s home. The examination of the children was 
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carried out by trained researchers who were blinded to the mode of conception of the 
children. It consisted of the assessment of neurological and cognitive development and the 
evaluation of anthropometrics and blood pressure. The Groningen ART-cohort study and 
the PGS study used identical follow-up protocols, assessments and questionnaires. Also, 
routines in both studies were identical. Parents were posted regularly with a newsletter 
on the study’s progress and invited with similar letters to participate in a follow-up round. 
The routines also implied that the parts of the assessment were always carried out in 
the same order: cognitive tests, blood pressure measurement, neurological examination, 
anthropometric assessment and second blood pressure measurement. Follow-up of both 
studies ran simultaneously and was conducted by the same team of researchers.
 To evaluate cognitive development, the Kaufman Assessment Battery for Children, 
Second Edition (KABC-II) was used.26 The KABC-II is an American psychological diagnostic 
test, which is also highly suitable for the assessment of cognitive development of European 
children and adolescents aged between 3 and 18 years.26 A total IQ score was calculated on 
the basis of scores in four domains: sequential processing, evaluating short-term memory; 
learning ability associated with long-term memory; simultaneous processing, addressing 
visual processing of information; and planning ability evaluating the competence of 
logical reasoning. Raw IQ scores of the domain scores and Total IQ were normalized into 
global scores. US norms were used, because Dutch norms are lacking.26 The proportion 
of children with normalized IQ scores below −1 SD, was calculated, a cut-off score that is 
considered to be clinically relevant.
 Neurological condition of the 4-year-old children was evaluated with the Hempel 
assessment, an age-specific neurological examination to detect MND at preschool age.27 It 
assesses neurological function in five domains: fine motor function, gross motor function, 
muscle tone and posture, reflexes and visuomotor function.28 A domain can be scored as 
typical or deviant. The assessment results in a clinical classification: neurologically normal, 
simple MND, complex MND or major neurological dysfunction, the latter denoting the 
presence of a distinct neurological syndrome, such as cerebral palsy. The classification 
of the two forms of MND is based on the number of deviant domains. Complex MND 
implies the presence of two or more deviant domains. It is the clinically relevant form 
of MND and is associated with behavioural and learning disorders. Simple MND means 
one deviant domain; it reflects a normal, but non-optimal neurological condition. 
Neurologically, normal implies the absence of neurological dysfunction, i.e. the absence 
of deviant domains.29 The assessments were carried out by trained assessors supervised 
by a neurodevelopmental expert (MHA).
 The assessment of anthropometrics consisted of the measurement of height, weight, 
triceps skinfold and subscapular skinfold. The height (in cm) of the children was measured 
twice using a stadiometer (Seca, Germany). The proportion of children with a height 
below −1 SD, taking into account sex and age was calculated.30 The body weight (kg) of the 

children was measured twice with an electronic weighing scale (Radwag, Random, Poland). 
The proportion of children having a weight-for-height below −1 SD of the Dutch reference 
values, taking into account sex and age, was calculated.30  Triceps and subscapular skinfold 
thickness (in cm) were each measured three times, alternating between the two skinfolds, 
on the non-dominant side of the child, using a Servier Calliper. The mean of the two or 
three anthropometric measurements was used for further calculations.
 Blood pressure (mmHg) was measured using an automated blood pressure monitor 
(Datascope Accutorr plus, Mahwah, NJ, USA). The appropriate cuff size was used: ‘child’ 
(arm circumference 13.8–21.5 cm) or ‘small adult’ (20.5–28.5 cm). Blood pressure was 
measured at the non-dominant arm whereas the child was seated, with the arm on the 
lap. Blood pressure measurement was carried out in duplicate. The mean of the two 
readings was used for further calculations. This mean was used to calculate blood pressure 
percentiles based on the standards of the US National High Blood Pressure Education 
Program.31 The blood pressure percentiles take sex, height and age into account. High 
blood pressure is defined as a systolic or diastolic percentile above the 95th percentile.

Statistical analysis

To estimate group differences in fertility parameters and parental characteristics, Fisher’s 
exact test, Mann–Whitney U test and student’s t-test were used. Mixed-effects models 
were used for birth characteristics and child characteristics, to account for within family 
correlation.
 The following numerical outcome response variables of children at the age of 4 years 
were analysed with a linear mixed-effects model: height, weight, triceps skin thickness, 
subscapular skin thickness, systolic blood pressure, diastolic blood pressure, sequential IQ, 
learning IQ, simultaneous IQ, knowledge IQ and total IQ. The mother was incorporated as 
a random subject effect to model the possible correlation between the outcome variables 
for children from the same family. Singleton and twin status was included as a fixed effect 
in the mixed effect model. The first set of analyses were unadjusted, the second set of 
analyses were corrected for IVF/ICSI, TTP, gestational age, small for gestational age (SGA), 
low Apgar score at 5 min (<7), education level of the parents and body mass index (BMI) of 
the mother, to obtain an estimate of the unbiased, direct (i.e. unmediated) effect of twin-
status outcome. We considered gestational age, SGA, and low Apgar score as potential 
mediators, TTP, educational level of the parents and maternal body mass index (BMI) as 
potential confounders. The adjusted analyses for blood pressure also included correction 
for the potential confounders height, weight and sex, in line with literature.31

 For the binary response outcome variables: IQ scores below −1 SD, weight-for-height 
below −1 SD, height below −1 SD, high blood pressure, normal MND, simple MND and 
complex MND a generalized linear mixed-effects model with the logit link function was 
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used. The estimation was carried out with generalized estimating equation (or by logistic 
multiple linear regression model when the multilevel model did not prove to be valid) 
and the cluster variable was determined by the mother again. The robust estimator was 
used together with an exchangeability working correlation matrix. The effect of singleton 
and twin status in the first set of analyses was unadjusted for other variables. The second 
set of analyses were corrected for IVF/ICSI, TTP, gestational age, SGA, low Apgar score at 
5 min (<7), education level of the parents and BMI of the mother. The type 3 generalized 
score statistics were applied to determine the P-value for the twin effect. An additional 
analysis, in which gestational age was not included in the adjustment was, was conducted 
afterwards (Supplementary Table S1).
 Results of the mixed-effect analyses are expressed as marginal estimated mean values 
and mean difference values with their 95% confidence intervals (mean values, 95% CI). 
A non-central t-test power analysis was conducted to estimate the minimal detectable 
effect size for singletons and twins separately or together based on total IQ. The current 
sample sizes allowed the detection of a clinically relevant difference of 7.5 points in total 
IQ between twins and singletons with 80% power (α = 0.05). Our sample sizes allowed 
the detection of a one-half SD difference in the other IQ scores, which we considered 
clinically relevant. In addition, we conducted a two-sample t-test power analysis for blood 
pressure. Assuming a SD of 8 mmHg, 42 children had to be included in each group to 
detect a difference of 5 mmHg and reach a power of 80%.24,25

 SPSS software, version 22 (IBM Corp., USA) was used for all statistical analyses. P < 
0.05 was considered to be statistically significant.

Results

Parental and infant characteristics

The ART cohort and PGS study had a similar proportion of twins (29% versus 26%; Fisher’s 
exact test; non-significant). Background characteristics of twins and singletons are 
presented in Table 1. Parental characteristics, fertility parameters and child characteristics 
were similar, but birth characteristics differed between the groups. Twins had a lower 
birthweight (P < 0.001) and shorter gestational age at birth. Furthermore, twins were more 
often delivered by Caesarean section, born preterm and SGA compared with singletons. 
Note that within the twin group only three twin pairs were monozygotic.

Table I: Prenatal, perinatal, neonatal and demographic characteristics of singletons and twins.

Characteristics Singletons 
n=103

Twins
n=48

p-value

Parental characteristics

Maternal age at conception (years), mean (σ) 34.6 (3.9) 34.5 (3.2) NS

High education level mother, n (%)b 43 (42) 26 (54) NS

Paternal age at conception (years), mean (σ)a 37.8 (5.9) 37.7 (3.8) NS

High education level father, n (%)a,b 46 (46) 24 (52) NS

Maternal BMI at conception, median (range)a 23.5 (15.5-42.5) 22.6 (19.0-29.3) NS

Smoking mother during pregnancy, n (%)a 8 (8) 0 (0) NS

Gestational Diabetes, n (%)a 2 (2) 0 (0) NS

Pregnancy induced hypertension, n (%)a 17 (17) 10 (21) NS

Fertility parameters

ICSI, n (%) 58 (56) 26 (54) NS

TTP in years, median (range) 4.1 (0.1-13.3) 4.5 (0.2-10.7) NS

Birth characteristics

Gestational age (weeks), mean (σ) 39.1 (1.8) 36.3 (1.9) (NaN)

Preterm birth (<37 weeks), n (%) 26 (25) 28 (58) <.007

Birthweight (grams), mean (σ) 3378 (567) 2480 (441) <.001

Small for gestational age, n (%)c 0 (0) 4 (8) .036

Caesarean section, n (%) 29 (28) 27 (56) .017

Apgar score 5 min <7, n (%)a 19 (19) 14 (30) NS

Child characteristics

Male sex, n (%) 53 (51) 31 (65) NS

Firstborn, n (%) 69 (67) 30 (63) NS

DZ twin, n (%) n.a. 42 (88) n.a.

Age (months) at examination, median (range) 49.5 (47.5-70.2) 49.4 (48.1-60.8) NS

Mann-Whitney U-tests, student t-tests and Fisher’s exact tests were used to estimate group differences  for 
parental characteristics and fertility parameters. Mixed effects models were used for birth characteristics and 
child characteristics, to take into account within-family correlation. Statistically significant numbers (p < 0.05) are 
displayed in bold. Values are number (percentage) or median (range). BMI = Body Mass Index; DZ = Dizygotic; 
ICSI = Intracytoplasmic Sperm Injection; n.a. = not available; NaN = not a number; NS = non-significant; TTP = 
Time To Pregnancy.
a Missing data in the two groups: Apgar score 5 min, n=2; Gestational diabetes,  n=1; High education level father, 
n=5; Maternal BMI at infant conception, n=9; Paternal age at infant conception, n=21; Pregnancy induced 
hypertension, n=1; Smoking mother during pregnancy, n=1. 
b Higher vocational education or University education.
c Birthweight for gestational age is < -2 standard deviations compared with the Dutch reference population 
(Dutch reference tables, perinatal Registration Netherlands).
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Neurodevelopmental outcome

Total IQ scores of twins were lower than of singletons (mean values [95% CI]: twins 103.5 
[99.8 to 107.3] and singletons 108.9 [106.7 to 111.1]), with a significant mean difference 
(−5.4 [−9.7 to −1.0]). In addition, twins had more often a total IQ score below −1 SD 
compared with singletons (27% versus 11%) (Table 2). Simultaneous IQ of twins was lower 
than that of singletons (twins 109.1 [105.1 to 113.1]; singletons 114.7 [112.3 to 117.2]), 
whereas sequential, learning and knowledge IQ scores of twins were similar to those of 
singletons. After adjustment, the differences in IQ scores between twins and singletons 
disappeared, except for twins having more often a sequential IQ score below −1 SD than 
singletons (Table 3). Neurological condition of twins did not differ from that of singletons, 
also after adjustment (Tables 2 and 3).

Anthropometrics

Weight (mean values, 95% CI: twins 16.9 [16.0 to 17.9]; singletons 18.6 [18.1 to 19.1]) 
and height (twins 105.9 [104.0 to 107.7]; singletons 108.8 [107.9 to 109.8]) were 
significantly lower in twins than in singletons. Height below −1 SD and weight for height 
below −1 SD, however, did not differ between twins and singletons. Moreover, triceps and 
subscapular skinfold thickness in the two groups were similar (Table 2). After adjustment, 
all anthropometric values, including weight and height, were similar between twins and 
singletons (Table 3).

Blood pressure
Unadjusted mixed-model analyses indicated that blood pressure of twins was similar to 
that of singletons (Table 2) also after adjustment for confounders (Table 3). Also, high 
blood pressure rates were similar in the two groups (Table 2).

Table II: Cognitive and neurological outcome, anthropometrics and blood pressure in singletons and 
twins: results of the unadjusted mixed-effect model analyses

Outcomes Singletons 
(n=103)

Twins
(n=48)

Mean difference 
[CI]

p-value

Cognitive outcome

Sequential IQ, mean [CI] 99.2 [97.0; 101.5] 95.0 [91.0; 98.9] -4.2 [-8.8; 0.3] NS

Sequential IQ score below -1SD, n (%)b 27 (26) 21 (44) NS

Learning IQ, mean [CI] 98.5 [96.4; 100.6] 96.6 [93.5; 99.7] -1.9 [-5.8; 1.9] NS

Learning IQ score below -1SD, n (%)b 21 (20) 14 (29) NS

Simultaneous IQ, mean [CI] 114.7 [112.3; 117.2] 109.1 [105.1; 113.1] -5.6 [-10.4; -1.0] 0.019

Simultaneous IQ score below -1SD, n (%)b 9 (9) 11 (23) NS

Knowledge IQ, mean [CI] 111.1 [108.5; 113.7] 106.4 [101.6; 111.3] -4.7 [-10.2; 0.8] NS

Knowledge IQ score below -1SD, n (%)b 8 (8) 5 (10) NS

Total IQ, mean [CI] 108.9 [106.7; 111.1] 103.5 [99.8; 107.3] -5.4 [-9.7; -1.0] 0.016

Total IQ score below -1SD, n (%)b 11 (11) 13 (27) 0.047

Neurological outcome

Normal, n (%) 60 (58) 23 (48) NS

Simple MND, n (%) 14 (14) 10 (21) NS

Complex MND, n (%) 29 (28) 15 (31) NS

Major neurological dysfunction, n (%) 0 (0) 0 (0) N.A.

Anthropometrics

Weight (kg), mean [CI]a 18.6 [18.1; 19.1] 16.9 [16.0; 17.9] -1.7 [-2.7; -0.6] 0.003

Weight for height below -1SD, n (%)a,c 6 (7) 7 (16) NS

Standing height (cm), mean [CI]a 108.8 [107.9; 109.8] 105.9 [104.0; 107.7] -2.9 [-5.0; -0.8] 0.007

Height below -1SD, n (%)a,c 11 (11) 11 (24) NS

Triceps skinfold (cm), mean [CI]a 1.08 [1.01; 1.16] 1.01 [0.875; 1.15] -0.07 [-0.23; 0.08] NS

Subscapular skinfold (cm), mean [CI]a 0.558 [ 0.509; 0.608] 0.540  [0.451; 0.629] -0.018  [-0.119; 0.084] NS

Blood pressure

SBP, mean [CI] mmHga 101.8 [100.2; 103.4] 102.3 [99.9 ; 104.8] 0.5 [-2.4; 3.5] NS

DBP, mean [CI] mmHga 63.5 [62.0; 65.0] 63.4 [60.8 ; 65.9] -0.1 [-3.1; 2.8] NS

High Blood Pressure, n (%)a,d 16 (17) 10 (24) NS

Statistically significant differences (p<0.05) are displayed in bold. BP = Blood Pressure; DBP; Diastolic Blood 
Pressure; IQ = Intelligence Quotient; MND = Minor Neurological Dysfunction; NS = non-significant;  SBP = Systolic 
Blood Pressure.
ᵃ Missing data in the two groups: standing height, n=5; height under 1SD, n=5, DBP n=11; High BP, n=12; SBP, 
n=11; Subscapular skinfold, n=14; Triceps skinfold, n=9; weight, n=7; weight for height under 1SD, n=7.
b Scoring below -1SD on age based norm values of the Kaufmann test (Kaufman, 2004).
c Scoring below -1SD on age based Dutch norm values (Schönbeck and van Buuren, 2010).
d High BP is defined as a SBP- or DBP percentile above the 95th percentile according to the standards of the U.S. 
National High BP Education Program (Falkner and Daniels, 2004). The BP percentiles take sex, height and age 
into account.
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Table III:  Health and development of twins and singletons: results of the adjusted mixed-effect 
model analyses

Response variable Singletons 
(n=96)a

Twins 
(n=46)a

Mean difference 
[CI]

P-value

Cognitive outcomes

Sequential IQ, mean [CI] 99.0 [91.8; 106.1] 93.5 [86.5; 100.5] -5.5 [-11.2; 0.2] NS

Sequential IQ score below -1SD, n (%)c 27 (28) 20 (46) 0.030h

Learning IQ, mean [CI] 90.4 [83.1; 97.7] 89.9 [82.8; 96.9] -0.5 [-6.2; 5.1] NS

Learning IQ score below -1SD, n (%)c 20 (21) 14 (30) NSg

Simultaneous IQ, mean [CI] 100.1 [92.4; 107.8] 97.4 [89.8; 105.1] -2.7 [-9.1; 3.8] NS

Simultaneous IQ score below -1SD, n (%)c 9 (9) 10 (22) NSg

Knowledge IQ, mean [CI] 106.1 [99.5; 112.7] 101.2 [93.7; 108.8] -4.8 [ -12.2; 2.5] NS

Knowledge IQ score below -1SD, n (%)c 8 (8) 5 (11) NSh

Total IQ, mean [CI] 98.2 [91.9; 104.6] 94.2 [87.4; 100.9] -4.0 [ -10.2; 2.0] NS

Total IQ score below -1SD, n (%)c 11 (11) 12 (26) NSh

Anthropometrics

Weight, mean [CI]b 18.8 [17.2; 20.4] 17.8 [16.2; 19.4] -1.0 [-2.4; 0.5] NS

Weight for height below -1SD, n (%)b,d 6 (6) 6 (14) NSg

Standing height, mean [CI]b 108.6 [106.0; 
111.2]

107.4 [104.6; 
110.1] -1.2 [-3.7; 1.3] NS

Height below -1SD, n (%)b,d 11 (12) 10 (23) NSh

Triceps skin thickness, mean [CI]b 1.26 [ 1.06; 1.45] 1.21 [1.00; 1.43] -0.04 [-0.2; 0.2] NS

Subscapular skin thickness, mean [CI]b 0.703 [0.549; 0.856] 0.687 [0.533; 0.840] -0.016 [-0.2; 0.1] NS

Blood pressure

Systolic blood pressure, mean [CI]b 101.8 [96.3; 107.3] 105.1 [99.9; 110.4] 3.3 [-0.9; 7.4] NS

Diastolic blood pressure, mean [CI]b 62.6 [57.3; 67.9] 64.9 [59.8; 70.0] 2.3 [-1,7; 6.3] NS

High Blood Pressure, n (%)b,e 15 (17) 10 (25) NSg

Neurological outcome

Normal MND, n (%) 54 (56) 22 (48) NSf

Simple MND, n (%) 14 (15) 10 (22) NS

Complex MND, n (%) 28 (29) 14 (30) NS

Statistically significant differences (p < 0.05) are displayed in bold. 
IQ = Intelligence Quotient; MND = minor neurological dysfunction; NS = non-significant.
In the adjusted analyses we corrected for IVF/ICSI, time to pregnancy, gestational age, SGA, low Apgar score at 5 
min (<7), education level parents and Body Mass Index of the mother. The adjusted analyses for blood pressure 
also included correction for height, weight and sex
a Nine children, 7 singletons and 1 twin pair, were not included because data on maternal BMI was missing.
b Missing data in the two groups: standing height, n=5; height under 1SD, n=5, DBP n=11; High BP, n=12; SBP, 
n=11; Subscapular skinfold, n=14; Triceps skinfold, n=9; weight, n=6; weight for height under 1SD, n=6.
c Scoring below -1SD on age based norm values of the Kaufmann test (Kaufman, 2004).
d Scoring below -1SD on age based Dutch norm values (Schönbeck and van Buuren, 2010).
e High BP is defined as a SBP- or DBP percentile above the 95th percentile according to the standards of the 
U.S. National High BP Education Program. The BP percentiles take sex, height and age into account (Falkner and 
Daniels, 2004).
f Resulting from the generalized linear mixed model with all selected background variables except small for 
gestational age (SGA).
g Logistic multiple linear regression model due to convergence issues with the generalized linear mixed model.
h All confidence intervals for the estimated marginal means were maximal width due to the small numbers in the 
cells. Results should therefore be interpreted with caution.

Discussion

The present study demonstrated that 4-year-old IVF twins have a significantly lower 
total IQ, a lower body weight and a smaller height than 4-year-old IVF singletons. After 
adjustment for confounders, and taking into account mediators such as gestational age 
and SGA, development and health of 4-year-old IVF twins did not differ from that of 
4-year-old IVF singletons: cognitive development, neurological outcome, anthropometrics 
and blood pressure of 4-year-old IVF twins were similar to that of IVF singletons.16-19

 Our findings that development and health of IVF twins is less favourable than that of 
singletons is in line with the large body of literature on twins and singletons in general.4,5,7-9,32 
The difference in outcome may largely be attributed to differences in mediating perinatal 
complications, a difference that was also present in our groups. 
 We found that the total IQ scores of the IVF twins were about one third of a SD lower 
than those of the IVF singletons, a difference that corresponds to the IQ differences 
found in general between twins and singletons.33 The overall lower IQ scores resulted in 
a doubling among twins of the proportion of children with a total IQ score below −1 SD. 
This finding is clinically highly relevant as a lower IQ at preschool age predicts to a large 
extent a lower IQ at the second half of school age.14 Simultaneous IQ was also lower in 
IVF twins. We did not, however, see a difference in simultaneous IQ below −1 SD between 
IVF twins and IVF singletons, as some twins scored relatively low whereas others scored 
relatively high. Our findings of a difference in cognitive outcome between IVF twins and 
IVF singletons also matches with the findings of Bonduelle et al. who found that 2-year-
old IVF and ICSI twins scored significantly lower on the mental developmental index of 
the Bayley Scale of Infant development than IVF and ICSI singletons.9 In the Bonduelle 
study, the comparison of twins and singletons was not adjusted for effect mediators and 
confounders. Our study, however, suggests that the differences in cognitive development 
disappear after adjustment. This indicates that the less favourable cognitive outcomes 
may be mainly attributed to the higher rate of perinatal adversities in twins than to an 
independent twin effect. 
 Pinborg et al. reported that IVF twins more often had speech problems than IVF 
singletons; however, in that study, only birth weight was taken into account as effect 
mediator.10 In line with another study by Pinborg et al., no differences were found 
in neurological outcome between IVF-twins and IVF-singletons.11 The present study, 
however, was too small to detect differences in the prevalence of cerebral palsy.
 We found that twins born after IVF had a significantly smaller height and lower weight 
than singletons born after IVF, resulting in a statistically non-significant doubling of children 
with a height  and weight-for-height below 1 SD. It has been well documented that a 
smaller height and weight at preschool age is associated with smaller body proportions 
in later life.14,34 The present study showed, however, that the increased risk for smaller 
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anthropometrics disappeared when the modifying effects of gestational age and SGA 
were taken into account. Saunders et al. described a similar finding in 2-year-old twins 
in general: the mean weight of twins was not different from that of 2-year-old singletons 
after correction for prematurity.35

 Our study also indicated that IVF twins and IVF singletons have similar blood pressure, 
a finding that corresponds to that of De Geus et al. who reported that, in general, blood 
pressures of adult twins matches that of adult singletons.15

 Our results indicate that IVF twins compared with IVF singletons are at increased risk 
for a less favourable cognitive outcome, have a lower body weight and a smaller standing 
height. The effect is, as in general populations of twins, largely mediated by the increased 
risk of twins for adverse perinatal outcome.32 This implies that IVF per se does not alter 
the increased risk for impaired development and health associated with twin-ship.

Strengths and weaknesses

To the best of our knowledge, this is the first study addressing in detail neurodevelopmental 
and cardiometabolic condition at 4 years of IVF twins compared with that of IVF 
singletons. Other strengths are the recruitment of couples during pregnancy preventing 
selection bias, the relatively small attrition (less than 15% after 4 years of follow-up) and 
the mixed-effects models where the mother was incorporated as a random subject effect 
to model the possible correlation between the outcome variables for children from the 
same family. The covariates used in the adjusted mixed effect models may be considered 
another strength of the study, covariates that included the potential mediator TTP and the 
potential confounder maternal BMI. We selected the covariates on an a-priori bases, in 
keeping with the literature, our prior knowledge of both studies and the sample sizes. We 
limited the number of covariates in the adjusted analyses to avoid overstratification. It may 
be regarded a strength but also a limitation of the study that we pooled two studies. The 
benefit is the increase in statistical power. Yet, the few background differences between 
the two groups may be a pitfall as it may have introduced some bias. Nevertheless, we 
consider the latter risk relatively small, as the background differences were limited and 
follow-up assessments, follow-up period and the team of researchers were similar.
 A limitation of the study is that we did not distinguish between monozygotic and 
dizygotic twins. Monozygotic twins may share one placenta or each twin partner may 
have its own, whereas dizygotic twins always have their own placenta. Monozygotic twins 
who share one placenta are at higher risk for adverse obstetric outcomes than twins who 
have their own placenta.36 Most of the assisted reproduction technique twins in general 
and also in our study are dizygotic owing to dual embryo transfer. 
 Another limitation of the study is that all blood pressure measurements were carried 
out on one day. A 24-h telemetric blood pressure measurement or multiple blood pressure 

measurements on several days would be more accurate. Because of logistic reasons, time 
and costs, multiple measurements on multiple days were not possible.
 In conclusion, the results of the present study suggest that neurological condition and 
blood pressure of 4-year-old IVF twins is similar to those of their IVF singleton peers. In 
addition, our study indicates that 4-year-old IVF twins have a significantly lower total IQ, 
lower body weight and lower height than 4-year old IVF singletons. The less favourable 
outcome of the twins could be attributed to mediators and confounders. After adjusting 
for these factors, development and health of 4-year-old IVF twins was similar to that of 
4-year-old IVF singletons. This suggests that the generally observed increased risk for 
less favourable health and development in twins also holds true for IVF twins, and is not 
altered by IVF per se.
 To confirm that IVF does not alter the increased risk of twins for less optimal development 
and health future research is needed in which studies compare the long-term outcome 
of naturally conceived twins with those conceived with assisted reproduction techniques, 
as our findings cannot be considered conclusive and should be interpreted with caution. 
The scientific and clinical community would especially be helped by studies that include 
the evaluation of individual, longitudinal trajectories of growth and development. Last, 
but not least, our findings emphasize the importance of elective single embryo transfer 
to reduce the worldwide increasing twin birth rate resulting from assisted reproduction 
techniques, as health and development of twins is less favourable compared with that of 
singletons, most likely because of the increased risk of twins for perinatal complications.
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Abstract

This study evaluated the prevalence of asthma and asthma medication use in 213 4-year-
old singletons followed from birth onwards, including three groups of children born 
following: (i) controlled ovarian hyperstimulation IVF/intracytoplasmic sperm injection 
(ICSI); (ii) modified natural cycle IVF/ICSI; and (iii) natural conception in subfertile couples. 
The rate of asthma medication was higher in the ovarian hyperstimulation-IVF/ICSI than 
in the subfertile group (adjusted odds ratios [aOR]: 1.96 [1.00, 3.84]). Time to pregnancy, 
a proxy for the severity of subfertility, was not associated with asthma and asthma 
medication. In conclusion, controlled ovarian hyperstimulation-IVF/ICSI is associated with 
the use of asthma medication in 4-year-old offspring of subfertile couples.

Introduction

Asthma is a chronic reversible obstructive lung disease, which is one of the most common 
diseases amongst children. A recent study suggests an association between assisted 
reproductive techniques, in vitro fertilization (IVF) and intracytoplasmic sperm injection 
(ICSI), and asthma in the offspring.1 It is known that assisted reproductive techniques are 
associated with an increased risk of preterm birth, low birthweight and Caesarean section, 
which are risk factors for the development of asthma, making an association between 
assisted reproductive techniques and asthma plausible.1,2 Yet, assisted reproductive 
technique-related procedures such as ovarian hyperstimulation or the in-vitro procedure 
may also play a role. In addition, the underlying subfertility is suggested as a causative 
factor for asthma in the offspring as well.3 Therefore, the primary aim of this study was 
to disentangle the effects of ovarian hyperstimulation from that of the in-vitro procedure 
on asthma and the use of asthma medication in 4-year-old children. The secondary aim 
was to study the effect of prolonged time to pregnancy (TTP) – a proxy for the severity of 
subfertility – on asthma and asthma medication use.

Materials and Methods

The children assessed participated in two parallel running prospective studies, the 
Groningen ART cohort study and the preimplantation genetic screening (PGS) study.4,5 
Of the Groningen assisted reproductive techniques cohort all children were eligible, 
of the PGS study only those who were conceived following conventional ovarian 
hyperstimulation-IVF/ICSI without PGS. The two studies provided us with three groups 
of 4-year-old  singletons born to subfertile parents: (i) 81 singletons born after controlled 
ovarian hyperstimulation-IVF/ICSI (COH-IVF/ICSI); (ii) 53 singletons born following 
modified natural cycle IVF/ICSI without ovarian

hyperstimulation (MNC-IVF/ICSI); and (iii) 79 singletons conceived naturally by 
subfertile couples after a TTP >1 year (Sub-NC). Information on socioeconomic status, and 
the prenatal, perinatal and neonatal periods was obtained 2 weeks after birth. TTP was 
defined as the time between the start of unprotected intercourse and pregnancy. In case 
of miscarriage TTP can be <1 year, as TTP has a new onset. At the follow-up assessment 
parents filled out a dedicated health questionnaire, which included questions on asthma. 
The medical ethics committee of the UMCG approved the study design of the 4-year 
follow-up of the Groningen ART cohort study and that of the PGS study, date of approval 
09.07.2009 (reference number M09.074824) and parents provided informed consent.
 Background data are reported in Table 1. Fisher’s exact tests and Mann-Whitney 
U-tests were used to estimate differences between the groups. Multiple logistic 
regression analyses were performed adjusting for TTP, maternal body mass index (BMI), 
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sex, gestational age, birthweight, Caesarean section, at least one parent with asthma and 
a currently smoking parent. To study the effect of TTP on asthma and asthma medication 
use the groups were pooled, while adjusting for the same set of confounders plus group 
status and except TTP. Results are expressed as crude and adjusted odds ratios (OR and 
aOR, respectively) with 95% confidence intervals (95% CI). Probability values of <0.05 are 
considered significant. Analyses were performed using the Statistical Package for Social 
Sciences (SPSS) version 20.0 (IBM Corp., USA).

Results

Asthma was reported in 24 (11.3%) children, whereas asthma medication was used by 
20 (9.4%) children. The prevalence of asthma was similar in the groups (Table 1). Logistic 
regression confirmed the following: COH-IVF/ICSI versus MNC-IVF/ICSI (reflecting the effect 
of ovarian hyperstimulation) OR: 1.36 (95% CI: 0.48, 3.88), aOR: 1.33 (95% CI: 0.42, 4.11); 
MNC-IVF/ICSI versus Sub-NC (reflecting the effect of the in vitro procedure) OR: 1.55 (95% 
CI: 0.47, 5.10), aOR: 1.60 (95% CI: 0.43, 6.02); COH-IVF/ICSI versus Sub-NC (reflecting the 
combined effect of ovarian hyperstimulation and the in vitro procedure) OR: 2.12 (95% CI: 
0.58, 2.82), aOR: 1.62 (95% CI: 0.92, 2.86; P = 0.094). However, asthma medication use did 
differ between the groups (Table 1): COH-IVF/ICSI versus MNC-IVF OR: 1.51 (95% CI: 0.49, 
4.62; P = 0.471), aOR: 1.30 (95% CI: 0.38, 4.38); MNC-IVF versus Sub-NC OR: 1.95 (95% CI: 
0.50, 7.64), aOR: 1.81 (95% CI: 0.37, 8.84); COH-IVF/ICSI versus Sub-NC OR: 2.95 (95% CI: 
0.90, 9.68), aOR: 1.96 (95% CI: 1.00, 3.84); P = 0.049). Additional adjustment for ICSI or 
vanishing twin syndrome did not substantially change the outcomes; these confounders 
were excluded from the final analyses. 

 Next the groups were pooled to create one subfertile group (TTP of one couple 
was missing; n = 212) to study the effect of TTP (median [range]: 3.4 [0.1-15.9]), on asthma 
and asthma medication use. TTP of parents of children with asthma was similar to that 
of parents of children without asthma: 3.0 (0.1-13.2) years versus 3.4 (0.1-15.9) years, 
respectively (OR: 1.01 [95% CI: 0.85, 1.20], aOR: 0.97 [95% CI: 0.80, 1.18]). In addition, 
the TTP of parents of children who used asthma medication: 3.4 (0.1, 15.9), did not differ 
significantly from that of parents of children who did not use asthma medication: 3.0 (0.1, 
13.2); OR: 1.04 (95% CI: 0.87, 1.24), aOR: 1.00 (95% CI: 0.81, 1.22).

Table 1. Infant, obstetric and parental characteristics of 4-year-old singletons born following COH-
IVF/ICSI, MNC-IVF/ICSI and Sub-NC. 

Characteristics COH-IVF/ICSI 
(n=81)

MNC-IVF/ICSI 
(n=53)

Sub-NC
(n=79)

Infant characteristics

    Male gender, n (%) 44 (54) 26 (49) 41 (52)

    First born, n (%) 49 (60) 37 (70) 49 (62)

    Breast feeding (>6 weeks), n (%)a 28 (47) 24 (45) 39 (50)

Obstetric characteristics

    ICSI, n (%) 50 (62) 26 (49) NA

    Vanishing twin syndrome a, n (%) 8 (13)*/ # 1 (2)* 0 (0) #

    Maternal smoking during pregnancya, n (%) 7 (9) 7 (13) 9 (11)

    Caesarean section, n (%) 22 (27) 8 (15) 21 (27)

    Preterm birth (<37 weeks), n (%) 8 (10) 6 (11) 5 (6)

 Gestational age (weeks), median (range) 39.4 (30.7-42.3)* 40.2 (34.6-42.6) 40.0 (30.1-42.7)*

    Birthweight (g), mean (σ) 3403 (600) 3384 (586)* 3578 (519)*

Parental characteristics 

    TTP in years, median (range)a 4.1 (0.1-15.9)* 3.8 (0.1-13.2) # 2.1 (0.1 - 11.3)*/ #

    Maternal BMI conception, median (range) 23.6 (15.5-42.5) 23.4 (16.8-30.2) 24.1 (15.5-42.5)

    Maternal age at conception, median (range) 34.2 (26.3-41.0)*/# 32.5 (25.3-37.5)* 33.0 (22.2-40.3)#

    Paternal age at conceptiona, median (range) 36.4 (27.5-56.1)* 34.0 (28.3-47.8)* 35.0 (25.5-48.7)

    High level of maternal educationb, n (%) 31 (38) 20 (38) 37 (47)

    High level of paternal educationa/b, n (%) 37 (47) 17 (33) 29 (37)

    ≥1 parent with asthma , n (%) 4 (5) 3 (6) 6 (8)

    ≥1 currently smoking parenta, n (%) 16 (20) 19 (36) 24 (30)

Outcome at age 4

    Asthma, n (%) 12 (15) 6 (11) 6 (8)

    Use of asthma medication, n (%)c 11 (14) 5 (9) 4 (5)

Note: COH-IVF/ICSI: infants born following controlled ovarian hyperstimulation IVF/ICSI; 
MNC-IVF/ICSI: infants born following modified natural cycle IVF/ICSI; Sub-NC: naturally conceived infants born 
to subfertile parents.
Statistically significant numbers are displayed in bold; the symbols denote which groups differ significantly from 
each other. COH-IVF/ICSI vs. MNC-IVF/ICSI: maternal age at conception p=.001, paternal age at conception 
p=.021 and vanishing twin syndrome p=.038. MNC-IVF/ICSI vs. Sub-NC: birthweight p=.048 and TTP p=.001. 
COH-IVF/ICSI vs. Sub-NC: gestational age p=.009, maternal age at conception p=.041, TTP p<0.001 and vanishing 
twin syndrome p=.001.
ᵃ Missing values: breastfeeding (>6 weeks) COH-IVF/ICSI n=21, Sub-NC n=1; ≥1 currently smoking parent COH-
IVF/ICSI n=1; maternal smoking during pregnancy  COH-IVF/ICSI n=2; paternal age at conception COH-IVF/ICSI 
n=13, MNC-IVF/ICSI n=1; paternal education COH-IVF/ICSI n=3, MNC-IVF/ICSI n=1; TTP Sub-NC n=1, vanishing 
twin syndrome COH-IVF/ICSI n=18.
b Higher vocational education or University education.
c Continuous or intermittent use of medication; drugs used: corticosteroids and beta-2-adrenoceptor agonists as 
single drug or in combination.
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Discussion

This study indicates that ovarian hyperstimulation in combination with the in-vitro 
procedure is associated with a higher risk of the use of asthma medication in 4-year-old 
children born to subfertile couples. The use of asthma medication reflects the presence of 
moderate to severe asthma. TTP was not associated with asthma and the use of asthma 
medication. To our knowledge this is the first study assessing separately the effects of 
ovarian hyperstimulation, the in-vitro procedure and TTP on asthma. This study supports 
the hypothesis that conventional assisted reproductive techniques (COH-IVF/ICSI) is 
associated with an increased risk for the use of asthma medication.1

 A strength of the study is its unique design. The subfertile control group prevents 
overestimation of the effect of IVF/ICSI. Other strengths are the prospective and assessor 
blinded study design, the minimal attrition (<10%) and the ability to adjust for the 
presence of parental asthma.
  A limitation of this study is the lack of a fertile control group. This precludes a 
conclusion on the effect of the presence or absence of subfertility. In addition, the size of 
the MNC-group is relatively small, preventing firm conclusions on the effect of MNC-IVF/
ICSI. 
 In conclusion, ovarian hyperstimulation in combination with the in-vitro procedure 
is associated with the use of asthma medication in 4-year-old children born to subfertile 
couples. Knowing that the use of assisted reproductive techniques are steadily increasing, 
it is of utmost importance that future studies further investigate the effect of parental 
subfertility and the assisted reproductive techniques procedures on child health, including 
asthma.
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Abstract

Asthma is a chronic reversible obstructive airway disease, which is common among 
children and leads torespiratory impairment. Studies showed that asthma is more 
common among children born after in vitro fertilization (IVF) than among spontaneously 
conceived children. However, it is unknown which component of the IVF procedure 
contributes to this putative link. Therefore the aim of this prospective follow-up study was 
to differentiate the possible effect of ovarian hyperstimulation from that of the in vitro 
culture procedure on asthma and rhinitis in 9-year-old children conceived with IVF. The 
study comprised three groups of singletons: (I) conceived with ovarian hyperstimulation-
IVF (COH-IVF, n=95); (II) conceived with modified natural cycle-IVF (MNC-IVF, n=48); (III) 
naturally conceived to subfertile couples (Sub-NC, n=68). Parents filled out the validated 
Dutch version of the asthma questionnaire of the International Study of Asthma and 
Allergies. Asthma prevalence in the groups did not differ: COH-IVF n=8 (8%); MNC-IVF n=0 
(0%); and Sub-NC n=4 (6%). Adjustment for confounders did not alter the results. 

Conclusion: Neither ovarian hyperstimulation, nor the in vitro culture procedure, was 
associated with asthma and rhinitis at 9 years. IVF children had a similar prevalence of 
asthma compared to children conceived naturally by subfertile couples.

What is known:

• An increased risk for asthma has been observed in children born after in vitro 
fertilization at pre-school and school age.

• The association between IVF and asthma may be partly explained by parental 
subfertility. 

What is new:

• IVF children do not have a higher prevalence of asthma than children of subfertile 
couples

• conceived naturally.
• Ovarian hyperstimulation used in IVF is not associated with asthma in 9-year-old 

children of subfertile couples. 

Abbreviations 

AUMC: Amsterdam University Medical Center
COH: controlled ovarian hyperstimulation
ISAAC: International Study of Asthma and Allergies
MNC: modified natural cycle
PIAMA: Prevention and Incidence of Asthma and Mite Allergy
PGS: preimplantation genetic screening
Sub-NC: subfertile-naturally conceived
TTP: time to pregnancy
UMCG: University Medical Center Groningen
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Introduction

Worldwide over 8 million children are conceived after in vitro fertilization (IVF).1 The short-
term effects of IVF on children’s health have been studied comprehensively.2 Overall, 
studies were reassuring; nevertheless singletons conceived after IVF were more often 
born preterm and had a lower birthweight compared to natural conceived singletons.3 
Recently, studies increasingly address the possible effects of IVF on child health in later 
life.3 One of the main points of interest of these studies is to clarify whether there is an 
association between IVF and atopic disease, including asthma and rhinitis.3 Asthma is a 
chronic reversible obstructive airway disease, which is common among children and leads 
to coughing, wheezing and breathing difficulties. 
 Recent studies found an increased risk for asthma in IVF offspring, independent from 
gestational age and birthweight.4-7 However, it is not clear yet which element of the IVF 
procedure (the in vitro culture procedure and/or ovarian hyperstimulation) may contribute 
to this putative link. Ovarian hyperstimulation induces the growth of multiple follicles, 
bypassing the natural selection of the development of one dominant follicle, and leads to 
higher estrogen levels preceding the laboratory IVF procedures. During the in vitro culture 
procedure oocytes, sperm and embryos are handled outside the human body, possibly 
affecting their developmental phenotype. As it is known that the early environment of 
an embryo affects it’s physiology and thereby may lead to a higher risk for diseases in 
later life, it is conceivable ovarian stimulation and the in vitro culture procedure affect the 
health of the offspring.8 Others suggested a link between parental subfertility and asthma 
in IVF offspring.9

 Therefore, the aim of this study was to disentangle the effect of ovarian 
hyperstimulation from that of the in vitro culture procedure independently from the 
effect subfertility on asthma and rhinitis in 9-year-old children. To this end we compared 
three groups: (i) singletons conceived with controlled ovarian hyperstimulation-IVF (COH-
IVF); (ii) singletons conceived with modified natural cycle-IVF (MNC-IVF); (iii) naturally 
conceived singletons born to subfertile couples (Sub-NC). COH-IVF is the conventional 
form of IVF in which ovarian hyperstimulation is used. In MNC-IVF the one follicle that 
naturally developed to dominance is used: no ovarian hyperstimulation is performed. The 
Sub-NC group comprised of children of all couples who achieved a singleton pregnancy 
while on the waiting list for fertility evaluation or treatment during the study period and 
wanted to participate in the study. These couples had been trying to conceive for at least 
1 year, therefore, we expected parental characteristics to resemble the characteristics of 
IVF couples.
 Differences between the COH-IVF and MNC-IVF group can be attributed to the effect 
of ovarian hyperstimulation. Comparing the MNC-IVF and Sub-NC group reveals the effect 
of the in vitro culture procedure. 

Methods

Study design

The children participated in two parallel prospective studies, the Groningen assisted 
reproductive techniques (ART) cohort study and the preimplantation genetic screening 
(PGS) trial.10,11 
 The Groningen ART cohort study is a prospective assessor-blinded longitudinal follow-
up study, which focuses on developmental outcomes and health of IVF offspring. The 
cohort started with subfertile couples who consulted the Department of Reproductive 
Medicine of the University Medical Center Groningen (UMCG). Couples with an expected 
delivery date between March 2005 and December 2006 were invited during the third 
trimester of pregnancy to participate in the study. The singletons formed the following 
three groups: (i) COH-IVF; (ii) MNC-IVF; (iii) Sub-NC.10

 The PGS trial is a multicenter randomized controlled trial (Amsterdam University 
Medical Center [AUMC] and UMCG) comparing IVF with and without PGS. Women who 
received help conceiving by means of IVF at the Departments of Reproductive Medicine of 
the AUMC or UMCG between May 2003 and November 2005 were recruited.11 Of the PGS 
trial only those singletons who were conceived after COH-IVF without PGS (i.e. the control 
group) were eligible to participate in the current study. Twins, children born after oocyte 
cryopreservation and oocyte or embryo donation were excluded. Information on the 
prenatal, neonatal and perinatal period was collected on standardized charts two weeks 
after the expected delivery date. This included parental asthma, maternal BMI, smoking 
during pregnancy, and smoking in the household. The effect of the duration of subfertility 
was evaluated with the help of the proxy variable time to pregnancy (TTP). Information 
about TTP was retrieved from the medical file of the couples. In case of miscarriage TTP 
can be <1 year, as TTP has a new onset.10 
 At the 9-year follow-up assessment parents filled out the validated Dutch adaption of 
the questionnaire used in the International Study of Asthma and Allergies (ISAAC), which 
was previously used in the Dutch national birth cohort Prevention and Incidence of Asthma 
and Mite Allergy (PIAMA).12,13 The medical ethics committee of the UMCG approved the 
study design of the 9-year follow-up of the Groningen ART cohort study and PGS trial 
(reference number M09.074824; current Controlled Trials number, ISRCTN76355836) and 
parents provided written informed consent.

Outcome measures Asthma and Rhinitis

The ISAAC questionnaire consists of questions about asthma, eczema and rhinitis. 
Consistent with the asthma definition as defined by international experts in the 
Mechanisms of the Development of Allergy (MEDALL) study, asthma was defined as a 
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positive response to at least two out of the three questions on asthma: (I) Did your child 
ever have asthma; (II) Did your child have wheezing complaints in the past 12 months; (III) 
Did your child use asthma medication in the past 12 mounts? Rhinitis was defined as a 
positive answer to two specific questions in the questionnaire: (I) In the past 12 months, 
has your child had a problem with sneezing, or a running, or a blocked nose when he/
she DID NOT have a cold or the flu; (II) In the past 12 months, has this nose problem been 
accompanied by itchy-watery eyes? (for detailed information see Asher et al. 1995 and 
Pinart et al. 2014).12,14

Statistical analysis

The original power calculation of the Groningen ART cohort study was based on 
neurological outcome at the age of 18 months. Our study was initially not designed to 
investigate the prevalence of asthma and rhinitis. 
 To estimate differences in background and outcome characteristics, univariable and 
multivariable statistics were used. The multivariable regression analyses adjusted for 
the following confounders: at least one parent with asthma, a currently smoking parent, 
birthweight, maternal body mass index and TTP. The confounders were selected on a-priori 
bases and in keeping with the literature.2,3 Results are expressed as odds ratio’s (OR) with 
95% confidence intervals (95% CI). The analyses were performed in SPSS Statistics version 
20.0 (IBM Corp, New York, USA).

Results

Participation, parental and infant characteristics

Of the Groningen ART cohort study 58 COH-IVF, 48 MNC-IVF and 68 Sub-NC children 
participated. Of the PGS trial 37 COH-IVF singletons took part in the study. This means 
that we assessed in total: COH-IVF n=95, MNC-IVF n=48 and Sub-NC n=68 children (see 
supporting information flow chart). Overall postnatal attrition was 22% and was non-
selective. We did not find differences between the COH-IVF group of the Groningen ART 
cohort and the PGS trial regarding background and outcome characteristics.
 The characteristics of participating parents and children of the three study groups are 
displayed in Table 1. Parents of COH-IVF singletons were older than those in the MNC-
IVF and Sub-NC group. In the two IVF groups TTP was longer (COH-IVF4.0 years; MNC-
IVF3.8 years) compared to the Sub-NC group (2.0 years). The underlying cause of parental 
subfertility in the IVF groups was more often paternal, whereas in the Sub-NC group it 
was more often unexplained. Gestational age was shorter and birthweight was lower in 
the COH-IVF group than in the Sub-NC group. Singletons in the MNC-IVF group were more 
often small-for-gestational age compared to COH-IVF singletons. The rate of folic acid use 
was higher in the MNC-IVF group than in the Sub-NC group. 

Table 1:  Characteristics of participating parents and children. 

Characteristics COH-IVF n = 95 MNC-IVF n = 48 Sub-NC n = 68

Parental characteristics

Maternal age at conception, median (range) 35.9 (27.0-41.0)*/# 32.9 (26.2-37.5)* 33.5 (23.1-40.3)#

Paternal age at conception, median (range) 36.7 (27.5-59.3)*/# 34.2 (28.3-47.8)* 35.4 (25.5-48.7)#

Education level mother high, n (%)a,b 43 (45) 21 (44) 32 (47)
Maternal BMI before 
pregnancy, median (range)a 23.6 (17.9-42.5) 23.1 (16.8-30.6) 23.2 (18.0-46.7)

≥1 parent with asthma, n (%) 3 (3) 3 (6) 6 (9)

≥1 currently smoking parent, n (%) 22 (23) 18 (38) 18 (27)

Fertility parameters

TTP in years, median (range) 3.9 (0.1-13.3)# 3.8 (0.1-7.5)^ 2.0 (0.1-11.3)#/^

ICSI, n (%) 54 (56) 23 (48) n.a.

Maternal subfertility, n (%) 36 (38) 15 (31) 19 (28)

Paternal subfertility, n (%) 48 (51)*/# 26 (54)* 18 (26)#

Unexplained subfertility, n (%) 18 (19)*/# 8 (17)* 36 (58)#

Gestational characteristics

Smoking during pregnancy, n (%) 8 (9) 5 (10) 7 (10)

Caesarean section, n (%) 27 (28) 8 (17) 19 (28)

Use of folic acid during pregnancy, n (%) 83 (91) 48 (100)^ 59 (87)^

The use of high folic acid ≥ 5 mg, n (%) 10 (11) 5 (10) 2 (3)

Birth characteristics

Gestational age in weeks, median (range) 39.4 (33.4-42.3)# 39.8 (34.6-42.6) 40.0 (30.1-42.6)#

Preterm birth (<37 weeks), n (%) 7 (7) 6 (13) 4 (6)

Birthweight in grams, mean (σ) 3385 (573)# 3390 (594) 3591 (513)#

Low birthweight, n (%) 4 (4) 4 (8) 2 (3)

Small-for-gestational age, n (%) 0 (0)* 3 (6)* 1 (2)

Neonatal characteristics

NICU admission, n (%) 2 (2) 2 (4) 4 (6)

Apgar score at 5 min <7, n (%)a 1 (1) 0 (0) 0 (0)

Breastfed for >6 weeks, n (%)a 40 (56) 22 (46) 34 (51)

Child characteristics

Male sex, n(%) 51 (54) 22 (46) 34 (50)

Firstborn, n (%)b 62 (65) 34 (71) 40 (59)

Age at examination in years, median (range) 9.2 (9.0-9.7) 9.2 (9.0-10.7) 9.2 (8.4-9.9)

Statistically significant differences (p < 0.05) are displayed in bold. The symbols denote which groups 
differ significantly from each other (Asterisks: *; carets: ^ and hashtags: #). Values are number (percentage), 
mean (standard deviation [σ ]) or median (range). BMI = Body Mass Index; COH-IVF = controlled ovarian 
hyperstimulation-IVF; ICSI = Intracytoplasmic Sperm Injection; MNC-IVF = modified natural cycle-IVF; n.a. = not 
available; NICU = neonatal intensive care unit; Sub-NC = naturally conceived children born to subfertile couples; 
TTP = Time To Pregnancy.
a Missing data in the COH-IVF group: breastfed for > 6 weeks n=23; education level father high n=3; maternal BMI 
n=5; paternal age at conception n=14; smoking during pregnancy n=2; the use of high folic acid ≥ 5 mg n=4; use 
of folic acid during pregnancy n=4. Missing data in the MNC-IVF group: Apgar score 5 min <7 n=1, paternal age 
at conception n=1. Missing data in the Sub-NC group: Apgar score 5 min <7 n=1; breastfed for > 6 weeks n=1; 
education level father high n=1. 
b Higher vocational education or University education.
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Asthma and rhinitis

Table 2 presents the asthma and rhinitis data. Asthma prevalence did not differ between 
the three groups. In the COH-IVF group 8 (8%), in the MNC-IVF group 0 (0%) and in the 
Sub-NC 4 (6%) children had asthma. The prevalence of asthma medication use also did 
not differ between the three groups. Adjustment for confounders did not alter the results 
(Table 3).
 The frequency of rhinitis ever and current rhinitis was similar in the three groups. 
After correction for confounders, rhinitis occurred more often in the Sub-NC group than 
in the MNC-IVF group. Hay fever did differ between the groups: it occurred more often 
in the COH-IVF group (15%) and Sub-NC group (15%) than in the MNC-IVF group (2%). 
This group difference in hay fever between the three groups remained after adjustment 
for confounders (Table 3). Additional adjustment for breastfeeding longer than 6 weeks, 
caesarean section, maternal age and the use of a high dose of folic acid (≥5 mg) did not 
alter the results. 

Table 2:  Asthma and rhinitis at 9 years in the three study groups

COH-IVF n = 95 MNC-IVF n = 48 Sub-NC n = 68

Asthma

Asthma ever, n(%) 11 (12) 2 (4) 7 (10)

- if so, diagnosed by physician, n(%) 11 (12) 2 (4) 7 (10)

Wheezing complaints last year, n(%) 5 (5) 0 (0) 3 (4)

Asthma medication use last year, n(%) 8 (8) 0 (0) 2 (3)

Current asthma, n(%) 8 (8) 0 (0) 4 (6)

Rhinitis

Rhinitis ever, n(%) 24 (25) 9 (19) 19 (28)

Rhinitis in the past year, n(%) 22 (23) 7 (15) 16 (24)

- from February to May, n(%) 4 (4) 0 (0) 1 (1)

- from May to August, n(%) 2 (2) 1 (2) 4 (6)

- all year, n(%) 5 (5) 0 (0) 3 (4)

- no indications of months, n(%) 11 (12) 6 (13) 8 (12)

with itchy-watery eyes, n(%) 7 (7) 1 (2) 8 (12)

interfering with daily activities, n(%) 6 (6) 2 (4) 2 (3)

Hay fever ever, n(%) 14 (15)* 1 (2)*/# 10 (15)#

Current rhinitis, n(%) 7 (7) 1 (2) 8 (12)

Statistically significant differences (p < 0.05) are displayed in bold; the symbols denote which groups differ 
significantly from each other (Asterisks: *; carets: ^ and hashtags: #). Values are number (percentage). COH-IVF 
= controlled ovarian hyperstimulation-IVF; MNC-IVF = modified natural cycle-IVF; Sub-NC = naturally conceived 
children born to subfertile couples.

Table 3:  Multiple regression analysis of the effect of ovarian hyperstimulation, the in vitro procedure 
and a combination of these two on asthma and rhinitis.

COH-IVF vs. MNC-IVF MNC-IVF vs. Sub-NC COH-IVF/ICSI vs. Sub-NC

Asthma adjusted OR (95%CI) P-value adjusted OR (95%CI) P-value adjusted OR (95%CI) P-value

Asthma ever 3.32 (0.65, 16.9) 0.148 0.18 (0.03, 1.21) 0.077 0.91 (0.29, 2.84) 0.911

- if so, diagnosed 
by physician

Xx xx xx xx xx xx

Wheezing 
complaints last 
year

Xx xx xx xx 0.88 (0.17, 4.53) 0.877

Asthma 
medication use 
last year

Xx xx xx xx 2.47 (0.46, 13.4) 0.294

Current asthma Xx xx xx xx 1.30(0.32, 5.24) 0.709

Rhinitis

Rhinitis ever 1.79 (0.72, 4.45) 0.213 0.91 (0.38, 2.14) 0.823 0.84 (0.39, 1.83) 0.668

Rhinitis in the past 
year

4.41 (0.38, 50.7) 0.402 2.16 (0.25, 18.48) 0.484 3.22 (0.38, 27.4) 0.284

- from February 
to May

Xx xx xx xx xx xx

- from May to 
August

0.36 (0.53, 8.45) 0.528 0.32 (0.02, 4.22) 0.387 0.27 (0.03, 2.30) 0.427

- all year Xx xx xx xx 2.36 (0.34, 16.2) 0.762

- no indications of 
months

0.17 (0.02, 1.86) 0.147 10.49 (0.57, 194.5) 0.115 0.63 (0.13, 3.02) 0.563

with itchy-watery 
eyes

4.02 (0.23, 70.5) 0.341 0.10 (0.01, 2.19) 0.145 0.41 (0.09, 1.95) 0.260

interfering with 
daily activities

1.06 (0.08, 14.2) 0.963 3.14 (0.04, 252.2) 0.609 2.30 (0.31, 17.1) 0.416

Hay fever, ever 9.59 (1.16, 79.0) 0.036 0.20 (0.01, 0.64) 0.020 1.04 (0.39, 2.82) 0.932

Current rhinitis 4.37 (0.45, 42.2) 0.203 0.09 (0.01, 0.90) 0.039 0.48 (0.14, 1.62) 0.237

In the adjusted analyses, we corrected for a currently smoking parent, at least one parent with asthma, 
birthweight, maternal body mass index and time to pregnancy. Statistically significant differences (p < 0.05) are 
displayed in bold. COH-IVF = controlled ovarian hyperstimulation-IVF; MNC-IVF = modified natural cycle-IVF; 
Sub-NC = naturally conceived children born to subfertile couples.
a Some confidence intervals were maximal width owing to the small numbers in the cells. Results should 
therefore be interpreted with caution.
b The symbol ‘xx’ denote that numbers were too small for regression analysis.
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Discussion

This prospective follow-up study suggests that asthma and rhinitis in 9-year-old children 
were not associated with ovarian hyperstimulation or the in vitro culture procedure.
 Our current findings at 9 years of age differ from with our follow-up data at the age of 
4 years. At 4 years we found that children born following COH-IVF more often used asthma 
medication than naturally conceived children of subfertile couples.6 At that time however, 
we did not use a standardized and validated questionnaire, but focused on the use of 
asthma medication and asthma related symptoms. As recurrent respiratory symptoms 
such as cough and wheeze are highly prevalent in that age group, as they also occur during 
viral respiratory tract infections, asthma at age 4 is difficult to diagnose. Therefore, we 
interpret the results obtained in our current follow up study as more valid.
 Carson et al. used the ISAAC questionnaire to assess asthma prevalence and asthma 
medication use in 5 and 7-year-old IVF children and naturally conceived children of 
fertile and subfertile couples in the Millennium Cohort study (n=18,818) in the UK.4 
They reported an increased prevalence of asthma in 5-year-old children born after ART 
(adjusted OR [95% CI]: 2.38 [1.34, 4.24]). At 7 years the effect had decreased (adjusted 
OR [95% CI]: 1.84 [1.03, 3.28]). It should be noted that in the 5-year-data the authors 
adjusted for, among other things, gestational age, Caesarean section and breastfeeding, 
whereas in the 7-year-data such an adjustment was not performed. No adjustment was 
made for low birthweight which is a known risk factor for the development of asthma.4,5 
In addition, Carson and colleagues found some evidence that subfertility is associated 
with an increased risk of asthma. Our study suggests that both IVF-components, ovarian 
hyperstimulation and in vitro culture procedures are not associated with asthma and 
asthma medication use.
  This finding is in line with Källén et al., who used asthma medication as an outcome 
parameter recorded in a large Swedish birth register cohort aged 2 to 25 years 
(n=2,628,728). Their data indicated that the association between IVF and asthma was 
mainly caused by the underlying fertility problems, rather than by IVF.9 In addition, the 
study did not adjust for some risk factors known to be associated with the development 
of asthma such as low birthweight. 
 The prevalence of asthma of 0-8% (overall: 6%) in our study is somewhat lower than 
the 11% reported in the Dutch PIAMA study (n=3,963) in children aged 7-8 year.15 Also 
Carson et al. reported lower prevalences than in their general population, which was 
attributed to the favorable background characteristics of IVF couples, such as higher 
educational attainment.4 This also holds true for our study. The favorable background in 
our study groups is also reflected in their living conditions: according to their postal codes 
they lived in areas with very low rates of air pollution.16 Still the current prevalences of 
asthma, hay fever and rhinitis are remarkably low. This underlines the notion that our 

study groups are not representative of the general population.
Strengths of our study are the use of the validated ISAAC based questionnaire and the 
study’s design which allows to separately evaluate the effect of the in vitro culture 
procedure and ovarian hyperstimulation on child health. The subfertile control group 
(Sub-NC group) prevents overestimation of the effect of IVF. 
 A number of caveats need to be discussed regarding the present study. First, the size 
of the three groups is relatively small (illustrated by the broad confidence intervals), 
especially the MNC-IVF group. This prevents us from drawing firm conclusions and 
excluding a type II error. However, other studies investigating the effect of IVF on asthma 
in the offspring do not have the ability to study the effect of ovarian hyperstimulation and 
the in vitro culture procedure separately. Secondly, the absence of a fertile control group 
precludes a conclusion on the effect of the presence/absence of subfertility. With the 
couples’ TTP we have detailed information on the duration of subfertility, for which we 
adjusted in the regression analyses, making sure our results are not confounded by the 
severity of subfertility. 
 In conclusion, our study suggests that ovarian hyperstimulation, the in vitro culture 
procedure and a combination of these two in IVF with hyperstimulation are not associated 
with asthma and rhinitis at 9 years of age. The previously found association between COH-
IVF and asthma (use of asthma medication) at 4 years of age could not be replicated at 
age 9. In addition, our data suggest that IVF offspring does not have a higher prevalence of 
asthma than children of subfertile couples conceived naturally. As ARTs are still increasingly 
used it is of importance that a meta-analysis and future studies further investigate the 
effect of parental subfertility and the different aspects of IVF on child health, including 
asthma and rhinitis.
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Supplementary material figure 1: flow chart of the Groningen ART cohort study



5
In Vitro Ferti lizati on is associated 
with refracti ve errors in 11-year-old 
off spring

D. Kuiper
M.W. Hendriks
R. Veenstra
J. Seggers
M.L. Haadsma
M.J. Heineman
A. Hoek
M. Hadders-Algra

Submitt ed



93 || 92 

| Chapter 5 In Vitro Fertilization is associated with refractive errors in 11-year-old offspring |

5

Brief report

The primary formation of the eye in the human embryo starts at week three and ends in 
the tenth week of embryonic development. During this period the eye expresses estradiol 
and progesterone receptors in multiple ocular structures.1 After in vitro fertilization 
with controlled ovarian hyperstimulation (COH-IVF), serum progesterone and estradiol 
concentrations are increased compared to natural pregnancies up until week six of 
embryonic development.2 This could imply that COH-IVF offspring is vulnerable for altered 
ophthalmic development. Tornqvist et al. demonstrated an increased incidence of severe 
visual impairment in 24,628 IVF children born between 1985-2005 in Sweden, compared 
to all Swedish children born during this period (odds ratio [OR] [95% CI]: 1.65 [1.12, 
2.45]).3 However, underlying mechanisms are unclear. This brief report assessed visual 
acuity in 11-year-old singletons enrolled in the prospective, assessor-blinded, Groningen 
ART cohort-study. This is the first study that aims to disentangle the possible effects of 
COH and the in vitro culture procedure on children’s visual acuity.  Couples who 
conceived after IVF or conceived naturally while on the waiting list for fertility treatment 
at the University Medical Center Groningen (UMCG) and had a term date between 
1 March 2005 and 31 December 2006 were approached during the third trimester of 
pregnancy to participate in the study. The study consists of three groups of singletons: (i) 
born after COH-IVF; (ii) born after modified natural cycle-IVF (MNC-IVF); and (iii) naturally 
conceived by subfertile couples (Sub-NC). In MNC-IVF only minimal ovarian stimulation is 
applied. The Sub-NC group consisted of couples that conceived naturally after 1 year of 
unprotected intercourse (see Middelburg et al. 2009).4 The comparison of COH-IVF with 
MNC-IVF reveals the effect of COH. Differences between the MNC-IVF and Sub-NC group 
can be attributed to the in vitro culture procedures. Twins, children born after oocyte 
cryopreservation and oocyte/embryo donation were excluded.
 Socioeconomic, prenatal, perinatal and neonatal data were collected 2 weeks after 
expected delivery. In 2017, parents filled out a postal questionnaire on visual acuity of 
their 11-year-old children and themselves. In case parents reported the presence of 
refractive errors and/or consultation of an ophthalmologist of their offspring, data about 
their ophthalmic condition were obtained from the ophthalmologist and interpreted by 
the study’s ophthalmologist (MHe). She assessed appropriateness of glasses, as some 
children wore glasses without medical indication (e.g. myopia with a sphere of 0.25).
  To estimate differences in background and outcome characteristics, univariable and 
multivariable statistics were used. The multivariable regression analyses adjusted for the 
following confounders: maternal age, preterm birth and time to pregnancy (TTP). The 
confounders were selected on a-priori bases in keeping with the literature. Results are 
expressed as OR with 95% confidence intervals (95%CI). Analyses were performed in SPSS 
Statistics 20.0 (IBM Corp, NY, USA). 

 Participation and follow-up are summarized in table I. Overall postnatal attrition was 
31% and non-selective. Demographic characteristics of the groups are displayed in Table 
I. Mothers in the Sub-NC group were older at conception (34.1 years) than mothers in the 
MNC-IVF group (32.5 years). Paternal age at conception was higher in the COH-IVF group 
(35.4 years) and the Sub-NC group (35.6 years) than in the MNC-IVF group (33.7 years). 
TTP was longer in the IVF groups (COH-IVF 4.1 years; MNC-IVF 3.7 years) compared to the 
Sub-NC group (2.1 years). Gestational age was shorter in the COH-IVF group (39.4 weeks) 
compared to the Sub-NC group (40.1 weeks). Birthweight was lower in the IVF groups 
(COH-IVF 3331 grams; MNC-IVF3342 grams) than in the Sub-NC group (3595 grams).
 The prevalence of children wearing glasses on medical indication did not differ 
between the groups: COH-IVF 11/48 (23%), MNC-IVF 5/41 (12%) and Sub-NC 5/60 (8%). 
Yet, logistic regression indicated that the prevalence of glasses on medical indication in 
the COH-IVF group was significantly higher than that in the Sub-NC group (adjusted OR: 
4.00 (95%CI: 1.13, 14.06). The adjusted analyses did not reveal differences between the 
IVF groups (COH-IVF versus MNC-IVF OR: 2.40 [95%CI: 0.74, 7.87]) and the MNC-IVF and 
Sub-NC group (OR: 1.71 [95%CI: 0.43, 6.86]). Additional adjustment for gestational age 
and parents wearing glasses did not alter the results.
 Our study demonstrated a higher chance of wearing glasses on medical indication 
for refractory errors in school-aged children born after COH-IVF than in offspring of 
subfertile couples conceived without IVF. The prevalence of COH-IVF offspring wearing 
glasses on medical indication was 23%, whereas the Dutch prevalence of 11-year-old 
children wearing glasses is 11% according to Statistics Netherlands, which is comparable 
to the prevalence in the MNC-IVF and Sub-NC group. This supports the suggestion that 
refractory errors in the COH-IVF group may be due to the ovarian hyperstimulation used in 
IVF. This putative effect could by clarified by the supraphysiological levels of estradiol and 
progesterone in early COH-IVF pregnancies at a time that the embryonic eye expresses 
estradiol and progesterone receptors. 
 The systematic review of Toro et al. reported that data were insufficient to draw 
conclusions regarding IVF and visual acuity: studies were too small and lacked information 
on perinatal data.5 Our study includes information on obstetric and perinatal data, which 
is – next to the study’s unique design and the verified ophthalmological data – a strength 
of our study. The study’s main limitation is its size. Our study was powered to evaluate 
the neurological development of the participants, not to address their visual acuity. Post-
hoc power analyses indicated that our study was not powered to detect differences in 
refractory errors between the IVF groups and not to detect differences in wearing glasses 
on medical indication. This implies we cannot exclude a chance finding. 
 In conclusion, we found support for the hypothesis that COH used in IVF is associated with 
refractive errors in 11-year-old offspring born to subfertile couples. Well-powered follow-up 
studies on visual acuity are needed so that data can be combined to carry out a meta-analysis.
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Table 1: Characteristics of participating parents and children. 

Characteristics COH-IVF  n = 48 MNC-IVF n = 41 Sub-NC n = 60

Participation

Eligible infants 89 (100) 79 (100) 143 (100)

Included infants 68 (76) 57 (72) 90 (63)

Children assessed at age 4 years 63 (93) 53 (93) 79 (88)

Children assessed at age 9 years 57 (83) 48 (84) 68 (75)

Parent questionnaire at age 11 years 48 (76) 41 (77) 60 (67)

Parental characteristics

Maternal age at conception, median (range) 32.2 (27.0-40.9) 32.5 (25.3-37.5)^ 34.1 (22.2-40.3)^

Paternal age at conception, median (range) 35.4 (27.5-56.1)* 33.7 (28.3-45.1)*/^ 35.6 (26.4-48.7)^

Education level mother high, n (%)a,b 15 (31) 15 (38) 29 (48)

Maternal BMI before pregnancy, median 
(range)a 24.2 (18.3-42.5) 23.1 (16.8-30.3) 22.8 (18.0-33.3)

At least one parent wearing glasses, n (%) 20 (67) 27 (66) 41 (68)

Fertility parameters

TTP in years, median (range) 4.1 (0.1-13.3)# 3.7 (0.1-7.5)^ 2.1 (0.1-9.4) #/^

ICSI, n (%) 33 (69) 19 (48) n.a.

Gestational characteristics

Smoking during pregnancy, n (%) 5 (10) 5 (12) 7 (12)

Caesarean section, n (%) 13 (27) 8 (20) 15 (25)

Use of folic acid during pregnancy, n (%) 43 (90) 38 (95) 51 (93)

Birth characteristics

Gestational age in weeks, median (range) 39.4 (33.4-42.3)# 39.8 (34.6-42.3) 40.1 (30.1-42.3)#

Preterm birth (<37 weeks), n (%) 6 (13) 5 (13) 3 (5)

Birthweight in grams, mean (σ) 3331 (539)# 3342 (577)^ 3595 (518)#/^

Low birthweight, n (%) 3 (6) 3 (8) 2 (3)

Small-for-gestational age, n (%) 0 (0) 3 (8) 1 (2)

Neonatal characteristics

NICU admission, n (%) 1 (2) 2 (5) 3 (5)

Breastfed for >6 weeks, n (%)a 21 (46) 18 (45) 29 (49)

Child characteristics

Male sex, n(%) 27 (56) 17 (43) 28 (47)

Age at examination in years, median (range) 11.0 (10.1-11.8) 10.8 (10.1-12.0) 11.0 (10.2-12.0)

Ophthalmic outcome measures

Children wearing glasses, n (%) 13 (27) 8 (20) 9 (15)

Glasses on medical indication, n (%) 11 (23) 5 (12) 5 (8)

Age at onset wearing glasses in years, 
median (range) 6.0 (2.0-10.9) 6.8 (3.7-10.4) 8.8 (3.8-11.2)

Myopia, n (%) 4 (8) 4 (10) 2 (3)

Binocular, n (%) 4 (8) 4 (10) 2 (3)

Sphere (Dioptre), median (range) 1.82 (1.25-3.88) 1.63 (1.50-1.75) 2.88 (1.88-3.88)

Cylinder (Dioptre), median (range) n.a. n.a. n.a.

Hyperopia, n (%) 5 (10) 2 (5) 3 (5)

Binocular, n (%) 3 (6) 2 (5) 3 (5)

Sphere (Dioptre), median (range) 1.25 (0.63-4.63) 1.07 (1.00-1.13) 3.25 (1.75-5.75)

Cylinder (Dioptre), median (range) n.a n.a. n.a.

Astigmatism, n (%) n.a 1 (2) n.a

Astigmatism (Dioptre), median (range) n.a 1.50 (0.75-2.25) n.a

Severe ophthalmic impairment, n (%) 0 (0) 0 (0) 1 (2)

One eye blind, n (%) 0 (0) 0 (0) 1 (2)

Congenital abnormalities, n (%) 0 (0) 0 (0) 0 (0)

Minor ophthalmic impairment, n (%) 4 (8) 3 (7) 3 (5)

Strabismus, n (%) 2 (4) 1 (2) 2 (3)

Amblyopia, n (%) 4 (8) 2 (5) 1 (2)

Probability values of <0.05 were considered statistically significant and are displayed in bold. The symbols 
denote which groups differ significantly from each other (Asterisks: *; carets: ^ and hashtags: #). Values are 
number (percentage), mean (standard deviation [σ ]) or median (range). BMI = Body Mass Index; COH-IVF = 
controlled ovarian hyperstimulation-IVF; ICSI = Intracytoplasmic Sperm Injection; MNC-IVF = modified natural 
cycle-IVF; n.a. = not available; NICU = neonatal intensive care unit; Sub-NC = naturally conceived children born 
to subfertile couples; TTP = Time To Pregnancy.
a Missing data in the COH-IVF group: education level father high n=2; paternal age at conception n=1; use of folic 
acid during pregnancy n=5. 
Missing data in the MNC-IVF group: Apgar score 5 min <7 n=1. Missing data in the Sub-NC group: Apgar score 5 
min <7 n=2; breastfed for > 6 weeks n=1; use of folic acid during pregnancy n=5.
b Higher vocational education or University education.

List of abbreviations:

COH: controlled ovarian hyperstimulation
MNC: modified natural cycle
IVF: in vitro fertilization
Funding the study was financially supported by the UMCG, Groningen, The Netherlands, 
Grant number: 754510.
Competing interests None.
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Abstract

Study question

Are the in vitro procedure, ovarian hyperstimulation or a combination of these two 
associated with blood pressure (BP) of 9-year-old IVF children born to subfertile couples?

Summary answer

Our study demonstrates that ovarian hyperstimulation and the in vitro procedure are not 
associated with BP values in 9-year-old children born to subfertile couples.

What is known already

Possible long-term effects of IVF on child health and development have been studied 
relatively little. This is surprising, as it is known that environmental conditions may 
influence embryonic and fetal development which may result in health related problems 
in later life. Some studies suggested that IVF is associated with higher BP at pre-school 
age. Yet, it is unclear whether this may be also true for older children and if so, which 
component of IVF, i.e., the ovarian hyperstimulation, the embryo culture or a combination 
of these, attributes to this potentially less favourable BP.

Study design, size, duration

The Groningen Assisted Reproductive Technology cohort-study is a prospective assessor-
blinded study of children followed from before birth onwards. In total 170 children were 
assessed at the age of 9 years. The attrition rate up until the 9-year-old assessment was 
21%.

Participants/materials, setting, methods

We evaluated cardiovascular health, focusing on BP (in mmHg and the internationally 
recognized percentiles of the U.S. National High BP Education Program), heart rate and 
anthropometrics of 57 children born following controlled ovarian hyperstimulation-IVF/
ICSI (COH-IVF/ICSI); 47 children born after modified natural cycle-IVF/ICSI (MNC-IVF/
ICSI); and 66 children who were conceived naturally by subfertile couples (Sub-NC). 
Cardiovascular parameters were measured multiple times on one day. In addition, 
anthropometric data, including body mass index and skinfold thickness, were collected.

Main results and the role of chance

Systolic BP in mmHg did not differ between the COH-IVF/ICSI (mean 106.9, SD 6.7), MNC-
IVF/ICSI (mean 104.8, SD 5.9) and Sub-NC (mean 106.3, SD 5.3) groups. In addition, systolic 
BP percentiles did not differ between the groups: COH-IVF/ICSI (mean 62.4, SD 20.2); MNC-
IVF/ICSI (mean 56.3, SD 19.3); and Sub-NC (mean 62.3, SD17.8). Also after adjustment for 
confounders BP in the three groups was similar. Heart rate and anthropometric values in 
the three groups did not differ. For instance, Body Mass Index values in the COH-IVF/ICSI 
children were 16.3 (median value, range 13.0-24.7), in MNC-IVF/ICSI children 16.1 (range 
12.7-22.5) and in Sub-NC children 16.3 (range 12.7-24.0).

Limitations, reasons for caution

The size of our study groups does not allow for pertinent conclusions on the effect of 
ovarian hyperstimulation and the in vitro procedure. The lack of a fertile control group 
may be regarded as another limitation. 

Wider implications of the findings

Our study suggests that ovarian hyperstimulation and in vitro procedures are not 
associated with cardiovascular health in 9-year-olds. Yet, BP percentiles of the three 
groups were higher than the expected 50th percentile. This might indicate that children 
of subfertile couples have a higher BP than naturally conceived children.  

Study funding/competing interest(s): The study was financially supported by the 
University Medical Center Groningen (UMCG), the two graduate schools of the UMCG, 
BCN, SHARE, and the Cornelia Stichting. The sponsors of the study had no role in study 
design, data collection, data analysis, data interpretation or writing of the report. The 
authors have no conflicts of interest to declare.

Trial registration number: -.
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Introduction

Subfertility is a widespread problem for which assisted reproductive techniques (ARTs) 
are used increasingly.1 In western industrialized countries nowadays 1-6% of all newborn 
children are conceived with the help of IVF, with or without intracytoplasmic sperm 
injection (ICSI).2 This number is high when considering the fact that little is known about 
the long-term effects of IVF on child development and health.
 Studies on the short-term effects of IVF have shown that IVF in singleton pregnancies 
is associated with worse perinatal outcome, e.g., preterm birth and low birthweight.3 
It is known that preterm birth and low birthweight both have a negative influence on 
cardiometabolic health. Children born with a low birthweight have a higher tendency to 
be obese or have hypertension in late adulthood.4,5 IVF offspring have not yet reached 
late adult age, but multiple studies indicated that IVF offspring have a reduced insulin 
sensitivity, vascular dysfunction (such as increased right atrial size and thicker aorta intima 
thickness) and higher blood pressure (BP) levels at pre-school and school age.6-12 These 
cardiometabolic impairments are associated with increased accumulation of Advanced 
Glycation End products (AGEs), which arise from chronic metabolic stress.13 The studies 
indicated that the higher BP in IVF offspring could not be explained by preterm birth and 
low birthweight alone and suggested an adverse effect of factors related to IVF itself, 
in particular of ovarian hyperstimulation.11,14 However, another study suggested that the 
higher BP levels should rather be attributed to the underlying subfertility than to the ART-
procedures itself.15  

 The primary aim of the present study is to disentangle the effects of ovarian 
hyperstimulation, the in vitro procedure and a combination of these two on the child’s 
cardiovascular health at age 9. The secondary aim is to evaluate whether the severity 
of subfertility, evaluated with the proxy time to pregnancy (TTP), influences the child’s 
cardiovascular health at 9 years. Our primary outcome measures are systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) in mmHg. We hypothesize that cardiovascular 
outcome of IVF singletons is worse than that of naturally conceived singletons of subfertile 
couples, and – in line with our results at the 4 years – that this putative worse outcome 
can be attributed to ovarian hyperstimulation.11

Methods

Study design

Participants were the now 9-year-old singletons of the Groningen ART cohort-study. The 
Groningen ART cohort-study is a prospective, assessor-blinded, longitudinal follow-up 
study of children born to subfertile couples, i.e. couples who were not able to conceive 
within 12 months from the start of unprotected intercourse, who eventually conceived 

either naturally of after ART. Pregnant subfertile couples with an expected delivery date 
between March 2005 and December 2006 were invited during the third trimester of 
pregnancy at the Department of Reproductive Medicine of the University Medical Center 
Groningen (UMCG) to participate in the study. Their children formed the following three 
groups: 1) singletons born after controlled ovarian hyperstimulation-IVF/ICSI (COH-IVF/
ICSI), 2) singletons conceived with modified natural cycle-IVF/ICSI (MNC-IVF/ICSI), and 3) 
naturally conceived singletons of subfertile couples (Sub-NC). Placement in the COH-IVF/
ICSI group depended on the presence of ovarian hyperstimulation. Criteria for inclusion in 
the MNC-IVF/ICSI group were: female age between 18-36 years, no previous unsuccessful 
COH-IVF/ICSI treatment or first IVF/ICSI treatment after pregnancy, regular ovulatory 
menstrual cycle of 26-35 days and a body mass index (BMI) of 18-28 kg/m2. Couples who 
conceived naturally after 1 year after the start of unprotected intercourse formed the Sub-
NC group. 
 With these three groups the study investigates the independent effects of ovarian 
stimulation and the in vitro laboratory procedures on the offspring’s health and 
development: comparison of COH-IVF/ICSI with MNC-IVF/ICSI reveals the effect of 
ovarian hyperstimulation; differences between the MNC-IVF/ICSI and Sub-NC group 
can be attributed to the in vitro procedure; comparing the COH-IVF/ICSI group with the 
Sub-NC group uncovers the combined effect of ovarian hyperstimulation and the in vitro 
procedure. Children born after oocyte cryopreservation and oocyte or embryo donation 
were excluded as were all twins. Parents gave written informed consent and the study 
design was approved by the ethics committee of the UMCG.

Settings

Information on socioeconomic status and the prenatal, perinatal and neonatal period 
was collected on standardized charts. High level of education was defined as a higher 
vocational education or university education. We evaluated the effect of the severity of 
subfertility with the proxy TTP. In case of miscarriage TTP can be <1 year, as TTP has a new 
onset (for details see Middelburg et al., 2009).16 

Follow-up examination

The follow-up assessment at 9 years took place between March 2014 and May 2016 at 
the UMCG or at the child’s home. Assessors were blinded to the mode of conception. 
The assessment started with a brief introduction on the tests to be performed (cognitive, 
neurological, cardiovascular and anthropometric assessment). After the introduction 
BP was measured twice and neuropsychological development was evaluated (further 
description of the BP measurement will follow). Next an intelligence test was performed 
and BP was measured twice for the second time. After the second BP-measurement, a 
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neurological examination was performed. Finally, anthropometric data were collected 
and BP was assessed twice for the third time. In total, BP was measured three times in 
duplo. In the present paper cardiovascular and anthropometric outcomes are reported. 

Outcomes

Blood Pressure
BP (mmHg) was measured using an automated BP monitor (Datascope Accutorr plus, 
Mahwah, NJ, USA), at the non-dominant arm while the child was seated, with the arm 
on the lap. It was measured in six-fold: twice at the beginning of the assessment, twice 
after two hours and twice at the end. Mean BP at each of the three measuring moments 
was used to calculate the overall mean BP. The overall means were used to calculate BP 
percentiles based on the standards of the U.S. National High BP Education Program.17 The 
BP percentiles take sex, height and age in months into account. Hypertension is defined 
as a SBP- or DBP percentile above the 95th percentile. The overall mean BP was also used 
to calculate the pulse pressure (SBP minus DBP).18

Anthropometrics
Standing height (in cm) was measured using a stadiometer (Seca Deutschland, Hamburg, 
Germany) and body weight (in kg) with an electronic weighing scale (Radweg, Radom, 
Poland). BMI; kg/m2 was calculated. The proportion of children with a height below -1SD 
and of children with a BMI above 25, taking into account sex and age in months, was 
calculated.19 Occipitofrontal head circumference and waist circumference (both in cm) 
were measured with a non-stretchable ‘lasso’ tape.
 Biceps, triceps, subscapular and supra-iliac skinfold thickness (in mm) were each 
measured three times, on the non-dominant side of the child, using a Servier caliper. The 
mean of the three measurements was used for further calculations. As a parameter of 
peripheral fat distribution the mean of biceps and triceps skinfold thickness was used; as 
a parameter of central fat distribution that of sub-scapular and supra-iliac skinfold. The 
sum of the four means is an indicator of total body fat.20 

Advanced Glycation End products 

AGEs are metabolic or stress-derived end products of sugars that play a key role in the 
pathogenesis of cardiovascular disease.13 The assessment of AGE accumulation in children 
born after IVF may provide insight into their risk for cardiovascular disease.21 AGE’s were 
assessed with an AGE Reader (DiagnOptics Technologies BV, Groningen, the Netherlands). 
This is a non-invasive desk-top device that uses the characteristic fluorescent properties of 
AGEs to estimate the level of AGEs accumulation in the skin. This fluorescence assessment 
is validated and correlates with individual AGE compounds measured in skin biopsy.22 

Technical details are described elsewhere.23 Children had to position their forearm on top 
of the device. A series of three times two (right and left) consecutive measurements were 
carried out. Mean AGE was calculated on the basis of these six measurements and used in 
the outcome analyses. Mean AGE was classified as high if it exceeded +1SD of the mean 
reference values of AGEs of healthy Caucasian age-matched control subjects.24

Statistical analysis

To estimate differences in background and outcome characteristics the Fisher’s exact test, 
Mann-Whitney-U-test and Student’s t-test were used. To assess potential differences 
in the continuous outcome variables between the three groups, multivariable linear 
regression analyses were performed while correcting for the following set of confounders: 
gestational age, TTP, maternal diabetes/hypertension/heart disease, pregnancy-induced 
hypertension, high maternal education, child’s age and sex. Logistic regression analysis 
was used for dichotomous variables, while adjusting for the same set of confounders.
 To study the effect of TTP on the outcome variables the three groups of the cohort 
were pooled to form one subfertile group. Pearson’s correlations coefficients were 
determined and multivariable linear regression analyses were performed while adjusting 
for the same set of confounders except TTP and - when a group effect was found, with the 
inclusion of the ART-group status (COH-IVF/ICSI; MNC-IVF/ICSI and/or Sub-NC). Additional 
analyses were performed regarding the effect of TTP in the Sub-NC group alone. Note, 
when analysing BP percentiles age, height and sex are already taken into account.
 A two-sample t-test power analysis for BP was performed. Assuming a SD of 8 mmHg 
based on previous publications, 42 children had to be included in each group in order to 
detect a difference of 5 mmHg to reach a power of 80%.11,25 
 Results are expressed as regression coefficients (B) or odds ratio with 95% confidence 
intervals (95% CI). Probability values of <0.05 are considered statistically significant. 
Statistical analyses were performed using the IBM Statistical Package for the Social 
Sciences 20.0 for Windows. 

Results

Participation

During prenatal inclusion, 89 COH-IVF/ICSI singletons, 79 MNC-IVF/ICSI singletons and 
143 Sub-NC singletons were eligible for the study. Parents of 68 (76%), 57 (72%) and 90 
(63%) singletons agreed to partake (numbers for the same three groups, respectively). 
At 9 years, 57 (83%), 47 (82%) and 66 (73%) children participated. Postnatal attrition 
after 9 years of follow-up was 21%. Background characteristics of participants and non-
participants were similar (data not shown). 
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Parental and infant characteristics

The demographic characteristics of the ART groups are displayed in Table I. Paternal age 
at conception was higher in the COH-IVF/ICSI group (36.4 years) than in the MNC-IVF/ICSI 
group (34.0 years). TTP was longer in the two IVF groups (COH-IVF/ICSI 4.0 years; MNC-
IVF/ICSI 3.8 years) compared to the Sub-NC group (2.0 years). The rate of folic acid use 
during gestation was higher in the MNC-IVF/ICSI group (100%) than in the Sub-NC group 
(86%). Gestational age was shorter in the COH-IVF/ICSI group (39.4 weeks) compared to 
the Sub-NC group (40.1 weeks). Birthweight was lower in the IVF groups (COH-IVF/ICSI 
3340 grams; MNC-IVF/ICSI 3383 grams) than in the Sub-NC group (3594 grams). Neonatal 
and child characteristics were similar in the three groups.

Table I: Characteristics of participating parents and children. 

Characteristics COH-IVF/ICSI 
n= 57

MNC-IVF/ICSI 
n= 47

Sub-NC 
n= 66

Parental characteristics

Maternal age at conception, median (range) 33.2 (27.0-40.9) 32.8 (26.2-37.5) 33.7 (23.1-40.3)

Paternal age at conception, median (range) 36.4 (27.5-56.1)# 34.0 (28.3-47.8)# 35.4 (25.5-48.7)

Education level mother high, n (%)a,b 20 (35) 21 (45) 31 (47)

Education level father high, n (%)a,b 26 (46) 16 (35) 25 (38)
Maternal BMI before 
pregnancy, median (range)b 23.9 (18.3-42.5) 23.1 (16.8-30.6) 23.0 (18.0-46.7)
Parental diabetes/heart/
vascular disease, n (%)c 3 (5) 1 (2) 2 (3)

Fertility parameters

TTP in years, median (range) 4.0 (0.1-13.3)# 3.8 (0.1-7.5)^ 2.0 (0.1-11.3)#/^

ICSI, n (%) 37 (65) 22 (47) n.a.

Gestational characteristics

Smoking during pregnancy, n (%) 6 (11) 5 (11) 6 (9)

Use of folic acid during pregnancy, n (%)b 50 (93) 47 (100)# 57 (86)#

Gestational diabetes, n (%) 0 (0) 1 (2) 2 (3)

Pregnancy-induced hypertension, n (%) 6 (11) 3 (6) 13 (20)

Caesarean section, n (%) 15 (26) 8 (17) 19 (29)

Birth characteristics

Gestational age in weeks, median (range) 39.4 (33.4-42.3)# 39.7 (34.6-42.6) 40.1 (30.1-42.6)#

Preterm birth (<37 weeks), n (%) 6 (11) 6 (13) 4 (6)

Birthweight in grams, mean (σ) 3340 (563)# 3383 (598)^ 3594 (517)#/^

Low birthweight, n (%) 3 (5) 4 (9) 2 (3)

Small-for-gestational age, n (%) 0 (0) 3 (6) 1 (2)

Neonatal characteristics

NICU admission, n (%) 1 (2) 2 (4) 4 (6)

Apgar score at 5 min <7, n (%)a 0 (0) 0 (0) 0 (0)

Breastfed for >6 weeks, n (%)a 29 (52) 22 (47) 33 (51)

Child characteristics

Male sex, n(%) 32 (56) 22 (47) 33 (50)

Firstborn, n (%)b 38 (67) 34 (72) 39 (59)
Age at examination in months, median 
(range) 110.4 (108.5-126.5)

110.3 (108.2-
131.8) 109.9 (100.7-118.5)

Sport club member, n (%) 50 (88) 40 (85) 58 (88)

Mann-Whitney U-tests, student t-tests and Fisher’s exact tests were used to estimate group differences  for 
background characteristics and fertility parameters. Statistically significant differences (p < 0.05) are displayed in 
bold. Values are number (percentage), mean (standard deviation [σ ]) or median (range). BMI = Body Mass Index; 
COH-IVF = controlled ovarian hyperstimulation-IVF; ICSI = Intracytoplasmic Sperm Injection; MNC-IVF = modified 
natural cycle-IVF; n.a. = not available; NICU = neonatal intensive care unit; Sub-NC = naturally conceived children 
born to subfertile couples; TTP = Time To Pregnancy.
a Missing data in the COH-IVF group: breastfed for > 6 weeks n=1; education level father high n=3; use of folic 
acid during pregnancy n=3; maternal BMI n=1. Missing data in the MNC-IVF group: Apgar score 5 min <7 n=1. 
Missing data in the Sub-NC group: Apgar score 5 min <7 n=1; breastfed for > 6 weeks n=1; education level father 
high n=1. 
b Higher vocational education or University education.
c Heart and vascular disease including known or treated hypertension

BP and anthropometrics

Table II provides the 9-year BP and anthropometric data. Absolute SBP and DBP values in 
mmHg did not show statistically significant differences between the groups (SBP: COH-
IVF/ICSI: 106.9; MNC-IVF/ICSI: 104.8; and Sub-NC: 106.3; DBP: COH-IVF/ICSI: 65.5; MNC-
IVF/ICSI: 64.1 ; and Sub-NC: 66.0 ). Also, BP percentiles, pulse pressure and heart rate of 
the three groups were similar. Adjustment for confounders did not alter the results: all 
cardiovascular parameters including absolute BP values and BP percentile of the three 
groups remained comparable (Table III). 
 Anthropometric values in the three groups did not differ. Weight in kilograms (COH-
IVF/ICSI: 31.7; MNC-IVF/ICSI: 33.7; and Sub-NC: 31.6) and standing height in centimetres 
(COH-IVF/ICSI: 140.9; MNC-IVF/ICSI: 141.6; and Sub-NC: 140.6) in the three groups were 
similar. The same held true for skinfold thickness. The similarities in anthropometric values 
of the three groups remained after adjustment for confounders (Table III). Furthermore, 
AGE values of the three groups did not differ, neither did the frequency of AGE-values 
+1SD: COH-IVF/ICSI 49%; MNC-IVF/ICSI 44%; and Sub-NC 40%. 
 TTP was significantly longer in the two IVF groups than in the Sub-NC group (Table 
I). Yet, the univariable and multivariable analyses in the pooled data showed that TTP 
was not correlated with BP and anthropometrics (Table IV). Subanalyses in the Sub-NC 
group only - in which TTP was not truncated by IVF - demonstrated that TTP was also not 
associated with cardiovascular health (data not shown).
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Table II: Blood pressure and anthropometrics.

Outcome measurements COH-IVF/ICSI 
n= 57

MNC-IVF/ICSI 
n= 47

Sub-NC 
n= 66

Blood pressure and heartrate

SBP in mmHg, mean (σ) 106.9 (6.7) 104.8 (5.9) 106.3 (5.3)

DBP in mmHg, mean (σ) 65.5 (5.7) 64.1 (7.4) 66.0 (5.5)

SBP percentile, mean (σ) 62.4 (20.2) 56.3 (19.3) 62.3 (17.8)

DBP percentile, mean (σ) 63.2 (17.1) 58.8 (23.1) 64.7 (16.2)

High BP, n (%)b 3 (5) 0 (0) 1 (2)

Pulse pressure, mean (σ) 41.4 (4.7) 40.7 (5.0) 40.3 (5.5)

Heart rate in beat/min, mean (σ) 81.8 (9.4) 80.5 (9.5) 81.8 (10.6)

Anthropometrics

Weight in Kg, median (range) 31.7 (24.7-56.0) 33.7 (22.5-48.1) 31.6 (20.0-53.0)

Standing height in cm, mean (σ) 140.9 (6.0) 141.6 (7.0) 140.6 (6.0)

Standing height below-1SD, n(%)c 5 (9) 3 (6) 6 (9)

BMI, median (range) 16.3 (13.0-24.7) 16.1 (12.7-22.5) 16.3 (12.7-24.0)

BMI>25, n (%)d 12 (21) 5 (11) 12 (18)

Biceps skinfold in cm, median (range) 0.60 (0.13-1.90) 0.57 (0.10-1.63) 0.57 (0.10-2.80)

Triceps skinfold in cm, median (range) 1.05 (0.33-2.43) 1.11 (0.30-2.33) 1.03 (0.27-2.27)

Subscapular skinfold in cm, median (range) 0.52 (0.20-2.20) 0.50 (0.13-3.30) 0.53 (0.20-3.20)

Suprailiac skinfold in cm, median (range)a 0.95 (0.10-3.00) 0.97 (0.20-3.00) 0.93 (0.30-3.40)

Total of skinfold in cm, median (range)a 0.83 (0.27-2.13) 0.82 (0.23-2.58) 0.75 (0.33-2.25)

Central /peripheral skinfold ratio, mean (σ)a 1.04 (0.32) 0.99 (0.38) 1.02 (0.31)

Waist circumference in cm, median (range) 61.1 (50.2-86.8) 61.3 (51.5-83.8) 61.5 (51.0-83.3)

Head circumference in cm, mean (σ)a 53.3 (1.83) 53.0 (1.79) 53.3 (1.56)

AGEs, median (range)a 1.15 (0.82-1.63) 1.12 (0.87-1.80) 1.10 (0.80-1.57)

AGE above +1SD, n(%)a,e 26 (49) 20 (44) 25 (40)

Mann-Whitney U-tests, student t-tests and Fisher’s exact tests were used to estimate group differences. 
Statistically significant differences (p < 0.05) are displayed in bold; the symbols denote which groups differ 
significantly from each other. Values are number (percentage), mean (standard deviation [σ ]) or median (range). 
AGEs: advanced glycation end-products; BMI: Body Mass Index; COH-IVF = controlled ovarian hyperstimulation-
IVF; DBP: diastolic blood pressure; MNC-IVF = modified natural cycle-IVF; SBP: systolic blood pressure; Sub-NC: 
naturally conceived children born to subfertile parents.
a Missing data in the COH-IVF group: AGE’s n=4; AGE high n=4; central/peripheral skinfold ratio n=1; suprailiac 
skinfold n=1; total skinfold n=1. Missing data in the MNC-IVF group: AGE’s n=2; AGE high n=2. Missing data in the 
Sub-NC group: AGE’s n=4; AGE high n=4; head circumference n=1.
b High BP is defined as a SBP- or DBP percentile above the 95th percentile according to the standards of the U.S. 
National High BP Education Program. The BP percentiles take sex, height and age into account.
c Scoring below -1SD on age based Dutch norm values.
d Scoring above a BMI of 25 based on international norm values.
e Scoring above +1SD on age based international norm values.

Table III: Multiple regression analyses of the effect of ovarian hyperstimulation, the in vitro 
procedure, or a combination of both on BP and anthropometrics.

Linear regression Adjusted B (95%CI)

COH-IVF/ICSI 
vs MNC-IVF/ICSI

MNC-IVF/ICSI 
vs Sub-NC

COH-IVF/ICSI 
vs Sub-NC

SBP mmHg 1.99 (-0.35, 4.34) -1.19 (-3.53, 1.15) 0.83 (-1.42, 3.09)

DBP mmHg 1.31 (-1.10, 3.71) -1.59 (-3.99, 0.81) -0.19 (-2.50, 2.12)

SBP percentile 5.20 (-2.27, 12.68) -5.23 (-12.68, 2.21) 0.20 (-6.99, 7.38)

DBP percentile 3.51 (-3.71, 10.72) -4.64 (-11.82, 2.54) -0.75 (-7.68, 6.18)

Pulse pressure 0.68 (-1.35, 2.72) 0.40 (-1.64, 2.44) 1.02 (-0.94, 2.98)

Heart rate in beat/min 1.17 (-2.57, 4.92) -1.12 (-4.86, 2.62) 0.06 (-3.54, 3.66)

Weight 0.02 (-0.05, 0.10) -0.02 (-0.09, 0.06) 0.01 (-0.06, 0.08)

Standing height -0.21 (-2.64, 2.21) 0.93 (-1.49, 3.35) 0.62 (-1.71, 2.95)

BMI 0.03 (-0.03, 0.08) -0.03 (-0.08, 0.02) 0.00 (-0.05, 0.05)

Biceps skinfold -0.02 (-0.22, 0.26) -0.10 (-0.34, 0.14) -0.07 (-0.30, 0.16)

Triceps skinfold -0.03 (-0.20, 0.14) -0.05 (-0.21, 0.12) -0.07 (-0.23, 0.09)

Subscapular skinfold 0.03 (-0.21, 0.26) -0.08 (-0.31, 0.15) -0.12 (-0.36, 0.12)

Suprailiac skinfold 0.08 (-0.19, 0.35) -0.15 (-0.43, 0.12) -0.07 (-0.33, 0.20)

Total of skinfold 0.01 (-0.20, 0.21) -0.12 (-0.32, 0.08) -0.10 (-0.30, 0.09)

Central /peripheral skinfold ratio 0.09 (-0.05, 0.22) -0.06 (-0.19, 0.07) 0.03 (-0.10, 0.16)

Waist circumference 0.01 (-0.04, 0.06) -0.02 (-0.07, 0.03) -0.01 (-0.06, 0.04)

Head circumference 0.36 (-0.32, 1.03) -0.30 (-0.98, 0.37) 0.04 (-0.61, 0.69)

AGEs -0.01 (-0.07, 0.05) 0.02 (-0.05, 0.06) -0.01 (-0.07, 0.05)

Logistic regression Adjusted B (95%CI)

AGE above +1SDb 1.06 (0.43, 2.61) 1.32 (0.56, 3.12) 1.47 (0.65, 3.30)

BMI > 25c 2.48 (0.76, 8.15) 0.39 (0.12, 1.29) 1.07 (0.41, 2.83)

Standing height below-1SDe 1.49 (0.31, 7.07) 0.80 (0.16, 3.92) 0.83 (0.20, 3.47)

Multiple linear and logistic regression analyses were performed. In the multiple analyses we corrected for 
gestational age, TTP, maternal diabetes/hypertension/heart disease, pregnancy induced hypertension, high 
maternal education, age and sex. Blood pressure percentiles already take age in months, standing height in cm 
and sex into account.
Statistically significant numbers (p < 0.05) are displayed in bold.
AGEs: advanced glycation end-products; BMI: Body Mass Index; COH-IVF = controlled ovarian hyperstimulation-
IVF; DBP: diastolic blood pressure; MNC-IVF = modified natural cycle-IVF; SBP: systolic blood pressure; Sub-NC: 
naturally conceived children born to subfertile parents.
a Missing data in the COH-IVF group: AGE’s n=4; AGE high n=4; central/peripheral skinfold ratio n=1; suprailiac 
skinfold n=1; total skinfold n=1. Missing data in the MNC-IVF group: AGE’s n=2; AGE high n=2. Missing data in the 
Sub-NC group: AGE’s n=3; AGE high n=3; head circumference n=1.
b Scoring above +1SD on age based international norm values.
c Scoring above a BMI of 25 based on international norm values.
d High BP is defined as a SBP- or DBP percentile above the 95th percentile according to the standards of the U.S. 
National High BP Education Program. The BP percentiles take sex, height and age into account.
e Scoring below -1SD on age based Dutch norm values.
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Table IV Associations effects of time to pregnancy (in months) in the pooled groups and 
cardiometabolic outcomes (n=170).

Linear regression Adjusted B (95%CI) P-value

SBP mmHg -0.02 (-0.44, 0.40) .927

DBP mmHg -0.20 (-0.63, 0.23) .361

SBP percentile -0.35 (-1.69, 1.00) .614

DBP percentile -0.77 (-2.06, 0.52) .242

Pulse pressure 0.18 (-0.18, 0.54) .325

Heart rate in beat/min -0.11 (-0.79, 0.58) .756

Weight 0.01 (-0.01, 0.02) .471

Standing height 0.10 (-0.34, 0.53) .663

BMI 0.00 (0.00, 0.01) .487

Biceps skinfold 0.00 (-0.04, 0.04) .910

Triceps skinfold 0.02 (-0.01, 0.05) .148

Subscapular skinfold 0.02 (-0.03, 0.06) .445

Suprailiac skinfold 0.02 (-0.03, 0.07) .502

Total of skinfold 0.01 (-0.02, 0.05) .480
Central /peripheral 
skinfold ratio 0.00 (-0.02, 0.03) .774

Waist circumference 0.01 (-0.01, 0.02) .110

Head circumference -0.06 (-0.18, 0.07) .372

AGEs 0.00 (-0.01, 0.01) .930

Logistic regression

AGE above +1SDb 0.98 (0.85, 1.14) .789

BMI > 25c 1.13 (0.94, 1.35) .205

High BPd 0.79 (0.44, 1.42) .789

Standing height below-1SDe 0.99 (0.76, 1.28) .910

Multiple linear and logistic regression analyses were performed. In the multiple analyses we corrected for 
gestational age, TTP, maternal diabetes/hypertension/heart disease, pregnancy induced hypertension, high 
maternal education, age and sex. Blood pressure percentiles already take age in months, standing height in cm 
and sex into account.
Statistically significant numbers (p < 0.05) are displayed in bold.
AGEs: advanced glycation end-products; BMI: Body Mass Index; DBP: diastolic blood pressure; SBP: systolic 
blood pressure. 
a Missing data: AGE’s n=10; AGE high n=10; central/peripheral skinfold ratio n=1; head circumference n=1; 
suprailiac skinfold n=1; total skinfold n=1.
b Scoring above +1SD on age based international norm values.
c Scoring above a BMI of 25 based on international norm values.
d High BP is defined as a SBP- or DBP percentile above the 95th percentile according to the standards of the U.S. 
National High BP Education Program. The BP percentiles take sex, height and age into account.
e Scoring below -1SD on age based Dutch norm values.

Discussion

This prospective follow-up study indicated that BP and anthropometrics of 9-year-old 
singletons born following COH-IVF/ICSI, MNC-IVF/ICSI and Sub-NC were similar. In addition, 
our study demonstrated that a prolonged TTP, a proxy for the severity of subfertility, was 
not associated with adverse cardiovascular and anthropometric outcome. 
 Our results seem to contradict the findings of a recent review on 19 studies that 
compared cardiometabolic health of IVF offspring with that of naturally conceived 
offspring. The review concluded on the basis of studies with children of varying age, that 
BP of children conceived by IVF/ICSI is slightly (but statistically significant) higher than that 
of naturally conceived children.26 However, it is not clear if a certain component of IVF, a 
combination of components, or subfertility causes this less optimal cardiovascular health. 
Previously, the Groningen ART cohort study indicated that 4-year-old IVF children born 
following COH-IVF/ICSI have a higher SBP than children born following MNC-IVF/ICSI.11 
This suggested a specific unfavourable effect of ovarian hyperstimulation.14 The current 
study indicates that this adverse effect could not be replicated when the children were 
9 years. Yet, the current findings may be better comparable with those of the studies 
of Belva et al. that suggested that elevated SBP levels disappear with increasing age.6,27 
Belva et al. reported higher BP levels in ICSI-conceived children compared to naturally 
conceived children aged 8 years. However, the differences between the two groups had 
disappeared at 14 years.6,27 Yet, others reported that cardiovascular condition in IVF/
ICSI offspring over the age of 7 years was less optimal than that of controls. Scherrer et 
al. demonstrated that IVF/ICSI-children in a condition of environmental stress, i.e. high-
altitude, showed in comparison to non-IVF/ICSI controls an increased rate of pulmonary 
hypertension, an increased right ventricle end-diastolic area and diastolic dysfunction.10,28 
The results of Chen et al. pointed in the same direction: they showed that IVF offspring 
with a mean age of 21.5 years had higher levels of SBP compared to controls after being 
exposed to three days of overfeeding.8 Overall, this suggests that IVF/ICSI offspring have a 
less optimal cardiovascular health, which is not visible during non-stressed situations, but 
gets expressed during stressed conditions. It is already known that fetuses, exposed to less 
favourable uterine conditions, show a greater BP increase during stressful events in later 
life. The propensity to higher BP is however not expressed during non-stress conditions.29

 Belva et al. suggested that the disappearance of the elevated BP-levels in the ICSI 
conceived children at 14 years may have been a temporary phenomenon, induced by the 
hormonal changes and growth of puberty.27,30 For the disappearance of the elevated BP in 
our COH-IVF/ICSI children this explanation is not valid, as our 9 year-olds had not entered 
puberty. It is conceivable that the BP-assessment at 4 years had functioned as a rather 
stressful condition, as at the age of 4 years the child’s cognitive abilities to understand the 
strange situation of a BP-measurement are limited. At 9 years, children are presumably 
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less stressed by a BP-measurement, as their cognitive abilities allow them to classify the 
measurement as a somewhat weird but harmless medical test. 
 The study of Pontesilli et al. suggested that the higher BP levels should be attributed 
to subfertility rather than to ART-procedures.15 Unfortunately most studies dealing with 
IVF and cardiovascular outcome lack detailed information on subfertility or lack a control 
group with natural conceived children in subfertile couples; this also holds true for the 
studies that suggested that ART-offspring is at risk of impaired cardiovascular function 
in stressful conditions. Our study was not able to assess the effect of subfertility per 
se. But we did have information on the severity of subfertility in terms of TTP. TTP was 
not associated with BP. Still it is noteworthy that the mean BP percentiles of the three 
groups were higher than the expected 50th percentile. This might indicate that offspring 
of subfertile couples have a higher BP than children who are conceived naturally. The 
relatively high frequencies of children with AGE values above +1SD also point to the 
possibility that the underlying subfertility plays a role in the less favourable cardiovascular 
outcomes of ART-offspring reported in the literature.
 The anthropometric values of the three groups did not differ. At the age of 4, Seggers 
et al. found evidence for an adverse effect of COH-IVF/ICSI on subscapular skinfold 
thickness.11 However, only after correction for the specific subset of confounders called 
‘early life risk factors’ and not after correction for other subsets of confounders. Belva et 
al. found higher sum of skinfolds in 14-year-old ICSI-girls compared to natural conceived 
girls. Yet, the BMI of the ICSI girls was 19.7, i.e., in the normal range.31 Our group sizes did 
not allow for a separate subgroup analysis for boys and girls. The recent review of Guo 
et al. indicated that the BMI of IVF children did not differ from that of natural conceived 
children, without however performing a sex-specific subgroup analysis.26 
 A strength of our study is its design. The three groups allow to separately evaluate the 
effect of ovarian hyperstimulation and the in vitro procedure on child development and 
health. In addition, the presence of the subfertile control group (Sub-NC group) prevents 
overestimation of the effect of IVF. Other strengths are the blinding of the assessors to 
the mode of conception, the recruitment of couples during pregnancy, the use of AGEs 
to assess cardiovascular health, and the acceptable attrition (21%) after 9 years of follow-
up.32 
 The main limitation of our study is the size of the groups. Our group sizes allowed 
to detect a difference of 5 mmHg, but were not large enough to draw firm conclusions 
regarding BP percentiles, as is illustrated by their broad confidence intervals, and regarding 
pathological BP-values. In addition, the sample size of the MNC-group is relatively small. 
This prevents firm conclusions on the effect of MNC-IVF/ICSI. However, other studies 
investigating the effect of IVF on BP do not have the ability to study the effect of ovarian 
hyperstimulation and the in vitro procedure separately.6-10,12  
 Another limitation is the absence of a fertile control group, precluding a conclusion 

on the effect of the absence or presence of subfertility. With the couples’ TTP we have 
detailed information on the severity of subfertility, but we were not able to address the 
impact of subfertility per se on cardiovascular health. 
 In conclusion, the present study suggests that controlled ovarian hyperstimulation, 
the in vitro procedure and a combination of these two are not associated with higher BP 
and unfavourable anthropometrics in 9-year-old children born to subfertile couples. In 
addition, the severity of subfertility (TTP) was not associated with worse cardiometabolic 
outcome. On the other hand, BP percentiles of the three groups were higher than the 
expected 50th percentile. This may indicate that offspring of subfertile couples have a 
higher BP than children who are conceived naturally. Therefore a study at later age which 
compares the BP levels of offspring of fertile and subfertile couples is necessary.
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Abstract

To evaluate the effect of parental subfertility on cardiovascular health of the offspring we 
compared the blood pressure (mmHg and percentiles) of 9-year-old singletons born to 
subfertile and fertile couples. Systolic and diastolic blood pressure absolute values and 
percentiles were higher in the subfertile group than in the fertile group.

Brief report

Increased childhood blood pressure (BP) can lead to increased BP later in life and even 
small increases have been associated with a higher risk of adult cardiovascular disease. In 
contrast, lower childhood BP has been associated with more favourable health outcomes. 
One study found that a 2 mmHg reduction in childhood diastolic BP was associated with a 
17% decrease in the prevalence of adult hypertension.1 
 Multiple studies reported that children born after in vitro fertilisation (IVF) have a 
higher BP in childhood.2 Using data from the Groningen assisted reproductive technology 
(ART) cohort study, we found no association between IVF, or more specific, of ovarian 
hyperstimulation or the in vitro procedure, on BP in 9-year-old offspring.3 Parental 
subfertility, per se may thus be the decisive factor explaining the elevated BP levels of 
IVF offspring. Therefore, we compared the BP of 149 9-year-old children who were born 
to subfertile couples from the Groningen ART study (assessed in 2014-2016) with that of 
277 9-year-olds born at term to fertile couples from the LCPUFA study (assessed in 2006–
2008). Subfertility was defined as the failure to achieve a successful pregnancy within 12 
months of unprotected intercourse. In the subfertile group, 61 children had been naturally 
conceived and 88 had been conceived by IVF with or without ovarian hyperstimulation.3 

No association between the in vitro procedure or ovarian hyperstimulation was found on 
cardiometabolic health at 9 years of age. 
 The children of the fertile group participated in a randomised controlled trial focusing 
on the effect of the addition of LCPUFA to infant formula during the first two months after 
term birth on cardiometabolic health. No association between the nutritional formula 
on cardiometabolic health in 9-year-olds was found: type of infant feeding did not affect 
BP.4 Both studies were carried out, after being approved by the ethics committee, by the 
Institute of Developmental Neurology of the University Medical Center Groningen using 
similar methods and having the same supervisor (MH-A). 
 The children’s BP (mmHg) was measured 4-6 times on one day using an automated 
Datascope Accutorr plus BP monitor (Mindray North America, Mahwah, NJ, USA). Overall 
means were used to calculate BP percentiles based on standards of the US National High BP 
Education Program. The BP percentiles were based on the BP of a representative sample of 
63,227 healthy children and took sex, age in months and height in centimetres into account.5

 To estimate differences in background and outcome characteristics, univariable and 
multivariable statistics were used. The multivariable linear regression analyses we adjusted 

for the following confounders: breastfeeding for more than six weeks, high maternal 
education, maternal age, parental diabetes/hypertension/heart disease, method of 
conception, pregnancy induced hypertension, smoking during pregnancy, child’s age and 
sex. Results are expressed as regression coefficients (B) with 95% confidence intervals 
(95% CI). Probability values of <0.05 were considered statistically significant. Analyses 
were performed in SPSS Statistics 20.0 (IBM Corp, Armonk, NY, USA). 
 At the time of  assessment, the children in the subfertile group were slightly older 
(9.2 vs 9.0 years), mothers smoked less often during pregnancy (9% vs 28%), were older 
(32.9 vs 29.8 years), were more often highly educated (44% vs 14%), and breastfed more 
often greater than six weeks (48% vs 29%) compared to the fertile group (Table 1). The 
children in the subfertile group had higher systolic BP percentiles (60.6 vs 56.0) and 
diastolic BP percentiles (62.5 vs 56.1) than the fertile group. Adjusted analyses showed 
that differences remained significantly different, regression coefficient B [95% confidence 
interval (CI)]: SBP percentile (B 8.10, 95% CI: 2.10, 14.20); DBP percentile (B 7.31, 95% CI: 
1.56, 13.07). Comparing only the subgroup of naturally conceived children of subfertile 
couples with the fertile group yielded similar results. 
 BP percentiles of 9-year-old offspring of subfertile couples were higher than those 
of peers born to fertile couples. Our findings are in line with other reports that children 
born to couples with a history of subfertility have a less optimal health, such as adverse 
perinatal outcomes and birth defects, compared to naturally conceived children of fertile 
couples.5 These suboptimal outcomes, including a higher BP, in the offspring of subfertile 
couples may be attributed to the multifactorial inherent risk associated with subfertility 
and presumably not with the IVF procedure itself.
 A major strength of the study was the use of BP percentiles, which take age in month, 
length in centimetres and sex into account. Based on the National High BP Education 
Program, the BP percentiles provide valid reference values for the general population. As 
the BP percentiles of the subfertile group are above the 60th percentile this supports the 
hypothesis that parental subfertility is linked to higher BP levels in the offspring. 
 The group selection was a limitation. The fertile group was a slightly disadvantaged 
group, with more smokers during pregnancy, lower educational level of parents, and 
greater percentages of parental diabetes, heart disease or vascular disease compared 
to the subfertile group. Thus the difference in BP between the groups may have been 
underestimated.4 The fertile group took part in a study on infant formula and were 
not randomly selected from the general fertile population. However, formula has been 
associated with less optimal health outcomes than breastfeeding. Nevertheless, this 
group had better BP values at nine years. 
 Our results suggest that parental subfertility was associated with a higher BP in school-
aged offspring. Additional studies are needed to study the effect of parental subfertility on 
the BP of their offspring.
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Table 1: Background characteristics and cardiovascular outcomes

Characteristics Subfertile group 
n=149

Fertile group 
n=277

Child characteristics

Male sex, n(%) 74 (50) 148 (53)

Age at examination in years, median (range) 9.2 (9.0-11.0) 9.0 (8.5-9.6)

Fertility parameters

TTP in years, median (range)a 3.1 (0.1-13.3) n.a.

IVF/ICSI, n (%) 88 (59) n.a.

Maternal subfertility, n (%) 47 (31) n.a.

Paternal subfertility, n (%) 68 (46) n.a.

Unknown cause for subfertility, n (%) 34 (23) n.a.

Gestational characteristics

Smoking during pregnancy, n (%) 14 (9) 78 (28)

Gestational diabetes, n (%) 3 (2) 5 (2)

Pregnancy-induced hypertension, n (%) 19 (13) 22 (8)

Birth characteristics

Gestational age in weeks, median (range) 40.0 (37.0-42.6) 40.0 (37.0-42.0)

Birthweight in grams, mean (σ) 3603 (431) 3570 (450)

Neonatal characteristics

NICU admission, n (%) 2 (1) 0 (0)

Breastfed for >6 weeks, n (%)b 70 (48) 78  (29)

Parental characteristics

Maternal age at conception, median (range) 32.9 (23.1-40.9) 29.8 (20.0-44.0)

Education level mother high, n (%)b,c 65 (44) 36 (14)

Maternal BMI before pregnancy, median (range)b 23.4 (16.8-46.7) 23.4 (17.2-40.9)

Parental diabetes/heart/vascular disease, n (%) 4 (3) 45 (16)

Cardiovascular outcomes 

SBP in mmHg, mean (σ)b 106.2 (5.9) 104.4 (8.1)

DBP in mmHg, mean (σ)b 65.4 (6.1) 63.2 (8.2)

SBP percentile, mean (σ)b 60.6 (19.2) 56.0 (24.5)

DBP percentile, mean (σ)b 62.5 (18.6) 56.1 (23.3)

Heart rate in beat/min, mean (σ)b 81.4 (9.7) 77.0 (9.7)

Weight in Kg, median (range)b 32.9 (20.0-56.0) 32.0 (23.0-56.9)

Height in cm, mean (σ)b 141.3 (6.5) 139.6 (5.7)

BMI (weight/height2), median (range)b 16.3 (12.7-24.7) 16.5 (12.3-26.1)

Mann-Whitney U-tests, Student’s t-tests and Fisher’s exact tests were used where appropriate to estimate group 
differences for background characteristics and outcome measurements. Statistically significant values (p < 0.05) 
are displayed in bold. Values are number (percentage), mean (standard deviation) or median (range). BMI = Body 
Mass Index; DBP = Diastolic Blood Pressure; ICSI = Intracytoplasmic Sperm Injection; n.a. = not available; NICU = 
Neonatal Intensive Care Unit; SBP = Systolic Blood Pressure; TTP = Time To Pregnancy.
a In case of miscarriage TTP can be <1 year, as TTP has a new onset.
b Missing data in the subfertile group: breastfed for > 6 weeks n=2; maternal BMI n=1. Missing data in the fertile 
group: BMI n=16, breastfed for > 6 weeks n=6; DBP in mmHg n=10; DBP percentile n=12, education level mother 
high n=12, Heart rate n=15, Height n=2, SBP in mmHg n=10; SBP percentile n=12, Weight n=15.
c Higher vocational education or University education.
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Abstract

Study question

Does day-3 cleavage-stage preimplantation genetic screening (PGS) affect neurodevelopment 
of 9-year-old in vitro fertilization (IVF) offspring?

Summary answer

We did not find evidence of adverse consequences of day-3 cleavage-stage PGS on 
neurodevelopment of 9-year-old IVF offspring. Children born after IVF with and without 
PGS often had a non-optimal neurological condition. 

What is known already

Knowledge on long-term sequelae for development and health of children born following 
PGS is lacking. This is striking as evidence accumulates that IVF itself is associated with 
increased risk for impaired health and development in the offspring. 

Study design, size, duration

A prospective, assessor-blinded, multicentre, follow-up study evaluating development 
and health of 9-year-old IVF children born to women who were randomly assigned to 
IVF with PGS (PGS group) or without PGS (control group). The follow-up examination at 9 
years took place between March 2014 and May 2016.

Participants/materials, setting, methods

In total, 408 women were included and randomly assigned to IVF with or without day-3 
cleavage-stage PGS. This resulted in 52 ongoing pregnancies in the PGS group and 74 in 
the control group. In the PGS group 59 children were born alive; in the control group 85. 
At the age of 9 years 43 children born after PGS and 56 control children participated in the 
study. Our primary outcome was the neurological optimality score, a sensitive measure 
of neurological condition assessed with a standardized, age-specific test (Touwen test). 
Secondary outcomes were adverse neurological condition (neurologically abnormal and 
the complex form of minor neurological dysfunction), cognitive development (intelligence 
quotient and specific domains); behaviour (parental and teacher’s questionnaires), blood 
pressure and anthropometrics.

Main results and the role of chance

Neurodevelopmental outcome of PGS children did not differ from that of controls; the 
neurological optimality scores (mean values [(95% CI]: PGS children 51.5 [49.3; 53.7], 

control children 53.1 [50.5; 55.7]) were not significantly different. The prevalences of 
adverse neurological outcome (in all but one child implying the presence of the complex 
form of minor neurological dysfunction) did not differ between the groups (PGS group 
17/43 [40%], control group 19/56 [34%]), implying also that the prevalence of complex 
minor neurological dysfunction in both groups was rather high. Also intelligence quotient 
scores of the two groups were not significantly different (PGS group 114 [108; 120]); 
Control group 117 [109; 125]). Behaviour, blood pressure and anthropometrics of both 
groups did not differ. Mean blood pressures of both groups were above the 60th percentile.

Limitations, reasons for caution

The power analysis of the study was not based on the number of children needed for the 
follow-up study, but on the number of women who were needed to detect an increase in 
ongoing pregnancy rates after PGS. In addition, our study evaluated embryo biopsy in the 
form of PGS at cleavage stage (day-3 embryo biopsy), while currently PGS at blastocyst 
stage (day-5 embryo biopsy) is recommended and increasingly being used.

Wider implications of the findings

Our findings indicate that PGS in cleavage stage embryo’s is not associated with adverse 
effects on neurological, cognitive and behavioural development, blood pressure and 
anthropometrics at 9 years. This is a reassuring finding as embryo biopsy in the forms 
of PGS and preimplantation genetic diagnosis is increasingly applied. However, both 
groups of IVF offspring showed high prevalences of the clinically relevant form of minor 
neurological dysfunction, which is a point of concern for the IVF-community. In addition, 
our study confirms findings of others that IVF offspring may be at risk of unfavourable 
cardiovascular outcome. These findings are alarming and highlight the importance of 
research on the underlying mechanisms of unfavourable neurodevelopmental and 
cardiovascular outcomes of IVF offspring.
 
Study funding/competing interest(s) (optional): The randomized controlled trial was 
financially supported by the Organization for Health Research and Development (ZonMw), 
The Netherlands (grant number 945-03-013). The follow-up was financially supported by 
the University
Medical Center Groningen (grant number: 754510), the Cornelia Foundation, the graduate 
schools BCN and Share, Groningen, The Netherlands. The sponsors of the study had no 
role in study design, data collection, data analysis, data interpretation or writing of the 
report. There are no conflicts of interest.

Trial registration number: ISRCTN76355836.
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Introduction

Pregnancy rates after IVF are still lower than desired.1,2 To improve the effectiveness of 
IVF, PGS has been developed. Worldwide, PGS is increasingly used in IVF treatment.3,4. Yet, 
little is known about development and health of children born following PGS. 
 For many years, PGS consisted of blastomere aspiration from a Day-3 cleavage stage 
embryo by opening the zona pellucida and blastomere screening with fluorescence in 
situ hybridization for aneuploidies. Only euploid embryos qualified for embryo transfer. 
In theory, this should have resulted in improved pregnancy rates, because chromosomal 
aneuploidy in embryos is considered as one of the main reasons for poor pregnancy 
rates after IVF.5-7 However, multiple randomized controlled trials showed that PGS 
did not increase, but reduced, pregnancy and live birth rates after IVF in women of 
advanced maternal age.7 As a consequence, Day-3 cleavage-stage PGS was no longer 
recommended.8,9

 But times have changed and currently the use of PGS is steadily increasing.2-4 Two 
factors facilitated this change. First, comprehensive chromosome screening allows 
screening for aneuploidy of all 24 chromosomes, rather than the 5-to-9 chromosomes in 
the beginning of PGS.5,10 Second, a Day-5 blastocyst biopsy seems to be less harmful than 
Day-3 cleavage-stage biopsy.11 From the end of the first decade of the 21st century, this 
technique has been gradually implemented in clinical practice. However, Day-3 cleavage 
stage embryo biopsy is still carried out.12,13 The reasons that the Day-5 biopsy has not been 
fully implemented is two-fold. First, not all embryos reach blastocyst stage; second, not all 
fertility clinics have achieved sufficient experience to apply the Day-5 biopsy technique.14 
 The relative invasiveness of the embryo biopsy inherent to PGS has induced questions 
on its safety with regard to child development. PGS includes more extensive embryo 
manipulation than IVF. As it has been established that IVF and/or its underlying subfertility 
is associated with less favourable neurodevelopmental and cardiometabolic outcomes 
in offspring, it is conceivable that PGS introduces extra risk for impaired health.15-19 Yet 
information on development and health of PGS offspring is scarce. Most available studies 
addressing the sequelae of embryo biopsy have evaluated the outcome of PGD and/or 
PGS in non-randomized study designs.20-22 We used a randomized design and reported 
that PGS at cleavage stage may have a minor negative effect on the neurodevelopment of 
IVF twins, but none on blood pressure and anthropometrics at 4 years of age.23,24

  As neurodevelopmental impairments may first emerge with increasing age, we 
extended the follow-up to the age of 9 years for children born to women who were 
randomly assigned to IVF with or without PGS. Therefore, the objective of the study was 
to evaluate whether PGS of cleavage stage embryo’s affects neurodevelopment, cognitive 
development, blood pressure or anthropometrics in IVF conceived children at the age of 
9.

Materials and Methods

Study design

The PGS-trial is a multicenter trial (Academic Medical Center in Amsterdam and 
University Medical Center Groningen) on PGS. The trial started as a double blinded 
randomized controlled trial on the efficiency of PGS to improve ongoing pregnancy rates 
(ISRCTN76355836).25 The trial consisted of two groups receiving a reproductive technique 
(IVF or ICSI), one with PGS (PGS group) and one without PGS (control group). The trial had 
been prepared in the years 2001–2003; patients were not involved in the study design. 
Participation in the trial was not associated with increased treatment burden for patients, 
as the study was conducted in a blinded fashion and the treatment under evaluation took 
place in the laboratory, but the study showed that PGS was associated with a reduced 
ongoing pregnancy rate. The outcome of the trial was broadly communicated, including, 
but not limited to patient support groups, healthcare professionals, the health Council 
of the Netherlands, and the Dutch Ministry of Health, Welfare and Sport. Due to the 
unfavourable results of the trial, the planned cost-effect analysis was cancelled. After 
dissemination of the outcomes of the randomized controlled trial, the planned multistage 
long-term follow-up study to evaluate development and health in the children who were 
born, ensued. Participating families have been and are informed on the outcomes of the 
study and on new follow-up rounds with highly appreciated annual newsletters.

Follow-up examination

Participants are the children of subfertile women who participated in the PGS-trial. 
Women meeting the inclusion criteria of the PGS-trial and agreeing to participate were 
recruited. They received help conceiving by means of IVF and intracytoplasmic sperm 
injection at the Department of Reproductive Medicine of the Academic Medical Center or 
University Medical Center Groningen between May 2003 and November 2005 (for details 
of the inclusion criteria see Mastenbroek et al. 2007).25 In total, 408 women were included 
and before the first follicular aspiration randomly assigned by a computer program with 
a minimization procedure for age (35 through 37 years and 38 through 41 years) to a 
reproductive technique (IVF and intracytoplasmic sperm injection) with PGS (PGS group) 
or without PGS (control group). This resulted in 144 live births (Figure 1). Information 
on socioeconomic status, the prenatal, perinatal and neonatal period were recorded on 
standardized charts at the first follow-up assessment two weeks after birth (Middelburg 
et al., 2009).26 The follow-up examination at 9 years took place between March 2014 and 
May 2016.
  The PGS-trial protocol was approved by the Medical Ethics Committee of the Academic 
Medical Center in Amsterdam and the follow-up study by the Medical Ethics Committee 



131 || 130 

Developmental outcome of 9-year-old children born after PGS: Follow-up of a randomized trial || Chapter 8

8

of the University Medical Center Groningen (Trial registration number: ISRCTN76355836). 
Parents provided written informed consent.

Outcome measures

Primary outcome at 9 years was the neurological optimality score, a sensitive measure 
of neurological condition which we assessed with the standardized, age-specific Touwen 
test.27 The neurological optimality score results from the sum of 64 items that fulfil 
criteria for optimality creating a tool sensitive for subtle neurological changes, even within 
the normal range.28 A decrease of 5 points is considered to be clinically relevant. The 
neurological assessment does not only allow to assess the neurological optimality score, 
but also to diagnose neurological disorders such as cerebral palsy and to assess minor 
neurological dysfunction. Minor neurological dysfunction is evaluated in eight domains of 
neurological function; each being scored as typical or deviant. Children are classified as 
neurologically normal (no dysfunctional domains), simple minor neurological dysfunction 
(1-2 domains of dysfunction, reflecting typical but non-optimal function) and complex 
minor neurological dysfunction (>2 domains of dysfunction, the clinically relevant form 
of minor neurological dysfunction).27 We considered clear neurological syndromes and 
complex minor neurological dysfunction as adverse neurological outcome. Reliability and 
validity of the assessment are satisfactory.27

 Prespecified secondary outcomes were cognition, behaviour, blood pressure and 
anthropometrics. To assess global cognition we used the Wechsler Abbreviated Scale 
of Intelligence. It is a validated screening test to measure intelligence between 6 to 89 
years.26 Three intelligence quotient-scores are derived: verbal intelligence; performance 
intelligence; and total intelligence. Specific domains of cognitive development were 
assessed with the Dutch version of the Neuro Psychological Assessment-II, a reliable and 
valid test applicable for children aged 5-12 years.29 We used three Neuro Psychological 
Assessment-II domains: attention and executive functions (two subtests), memory and 
learning (three subtests), and social cognition (two subtests).30 The number of tests with 
an atypical score within a domain was counted.
 To assess behavioural outcome the Child Behaviour Checklist and Teacher Report Form 
were filled out by parents and teachers respectively. The well-validated Child Behaviour 
Checklist and Techer Report From include 113 items that address emotional and 
behavioural problems.31 The sum of all items results in the total problem score. In addition, 
an internalizing problem score and externalizing problem score can be calculated. 
 Blood Pressure (mmHg) was measured seated using an automated blood pressure 
monitor (Datascope Accutorr plus, Mahwah, NJ, USA) at the non-dominant arm. Blood 
pressure measurement was carried out in six-fold (three times in duplo), resulting in an 
overall mean systolic blood pressure and diastolic blood pressure. The overall mean blood 

pressures were used to calculate blood pressure percentiles based on the standards of the 
U.S. National High Blood Pressure Education Program.32 Blood pressure percentiles take 
sex, height (in cm) and age (in months) into account. 
 Biceps, triceps, supra-iliac and sub-scapular skinfold thickness (in mm) were each 
measured three times, on the non-dominant side of the child, using a Servier calliper. The 
mean of these three measurements was used for further calculations. The mean of biceps 
and triceps skinfold thickness was used as a parameter of peripheral fat distribution; that 
of the supra-iliac and sub-scapular skinfold as a parameter of central fat distribution. The 
sum of the four means is an indicator of total body fat.33

 The standing height (in cm) of the children was measured using a stadiometer (Seca 
Deutschland, Hamburg, Germany); body weight (kg) was assessed with an electronic 
weighing scale (Radwag, Random, Poland). Both measurements (standing height and 
weight) were carried out in duplicate. Information on height and weight allowed for the 
calculation of body mass index (kg/m²). Body mass index was classified as normal or 
obese according to the international classification which takes age and sex into account.34 
Occipitofrontal head circumference (in cm) was measured with a non-stretchable ‘lasso’ 
tape.

Statistical analysis

The power calculation of the original trial was based on the number of women who 
were needed to detect an increase in ongoing pregnancy rates and not on the number of 
children needed for neurodevelopmental follow-up.25 A post-hoc power analysis showed 
that with our current group sizes the minimally detectable differences between the PGS 
group and control group was approximately 3 points on the neurological optimality score 
(with 80% power and α=0.05). This indicates that our sample size should be able to detect 
differences that are clinically relevant.
 To estimate differences in child and parental characteristics between the two groups, 
Fisher’s exact test, Mann-Whitney-U-test and student’s t-test were used. Twins and 
singletons were analysed separately. 
 The numerical response variables length, weight, body mass index, systolic blood 
pressure, diastolic blood pressure, total skinfold thickness, fat distribution (central/
peripheral skinfold), head circumference, neurological optimality score, intelligence and 
behavioural scores at 9 years were analysed with mixed effects models. The mother was 
incorporated as a random subject effect to model the possible correlation between the 
outcome variables for twins. IVF treatment with PGS was included as a fixed effect. 
 For the binary response variables high body mass index and neurological outcome 
a generalized linear mixed model with the logit link function was used. For the count 
variables of number of atypical tests within a neuro psychological assessment-domain the 
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Poisson loglinear link function was used. The estimation was performed with generalized 
estimating equation and the cluster variable was determined by the mother again. The 
robust estimator was used together with an exchangeability working correlation matrix. 
The type3 generalized score statistics was applied to determine the p-value for treatment 
effect.
 All analyses were additionally corrected for twins status, IVF/Intracytoplasmic sperm 
injection, age at examination, time to pregnancy, maternal age, high education mother, 
gestational age, neonatal intensive care admission and performed with SPSS software, 
version 23.

Results

Participation

There were 408 women included and randomly assigned to IVF/Intracytoplasmic sperm 
injection with or without PGS. This resulted in 52 ongoing pregnancies in the PGS group 
and 74 in the control group.25 In the PGS group, 59 children (39 singletons; 20 twins) 
were born alive; in the control group 85 children (57 singletons; 28 twins) were born 
alive. At the age of 9 years, 43 children born after PGS (29 singletons; 14 twins) and 56 
control children (38 singletons; 18 twins) participated in the study. Follow-up and attrition 
is summarized in the flow diagram (Fig. 1). Postnatal attrition after 9 years of follow-up 
was 23% in the PGS group and 32% in the control group. In general, background and short-
term outcome parameters of children who were lost to follow-up at 9 years and those who 
were assessed were not significantly different. However, drop-out in the PGS group was 
associated with a higher prevalence of Caesarean section (Fisher’s exact test: P = 0.007), 
neonatal intensive care admission (Fisher’s exact test: P = 0.022) and being the firstborn 
child (Fisher’s exact test: P = 0.007). In the control group, drop-out was associated with 
lower maternal education (Fisher’s exact test: P = 0.038) (data not shown). 

 Figure 1: Participation flow-chart

Parental and infant characteristics

Fertility parameters, obstetrical, parental and child characteristics are displayed in Table I. 
Gestational age was higher (39.5 weeks) in PGS pregnancies than in control pregnancies 
(38.7 weeks; P = 0.031); a similar difference was also present in the subgroup of singletons 
(PGS group: 39.7 weeks; control group: 39.1 weeks; P = 0.009). The rate of neonatal intensive 
care admission was higher in PGS offspring (21%) than in control offspring (5%) (P = 0.021). 
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Neurodevelopmental outcomes

Table II presents neurological, cognitive and behavioural outcomes of the PGS group and 
the control group. Neurological outcome of both groups was not significantly different. 
In the PGS group, 17 children (40%) had an adverse outcome, including one child with 
cerebral palsy; in the control group adverse neurological outcome occurred in 19 children 
(34%) with none having a neurological syndrome. Also the neurological optimality score 
did not differ significantly between the PGS group (mean values [95% CI]: 51.5 [49.3; 53.7]) 
and control group (53.1 [50.5; 55.7]). Total intelligence quotient of PGS offspring (114 
[108; 120]) was not significantly different to that of controls (117 [109; 125]). The same 
held true for verbal intelligence, performance intelligence and specific cognitive domain 
scores. Behavioural outcomes of children born after PGS were also not significantly 
different to those of control children.

Blood pressure and anthropometrics

Table II also presents the outcomes of blood pressure and anthropometrics. Blood 
pressure and anthropometric outcome of the PGS group was not significantly different 
to that of the control group. Systolic blood pressure of the PGS group was 106 mmHg 
[95% CI 103;109], that of the controls was 107 [95% CI 104;110]. The values of diastolic 
blood pressure were 66.1 mmHg [63.3;68.9] and 65.3 mmHg [62.0;68.6], respectively. 
Also, blood pressure percentiles did not show statistically significant differences between 
the groups. Anthropometric values of the two groups did not differ.

Table II. Health and development of cleavage-stage preimplantation genetic screening offspring: 
results of the adjusted mixed-effect model analyses at 9 years of age

Response variable

Preimplantation 
genetic screening 
group 
(n=43)

Control group
 (n=56) p-value

Neurological outcome

Neurological optimality score, mean [CI] 51.5 [49.3;53.7] 53.1 [50.5;55.7] 0.193

Adverse neurological outcomeb, n (%) 17 (40) 19 (34) 0.975

Cognitive outcome

Total Intelligence quotient, mean [CI] 114 [108;120] 117 [109;125] 0.375

Verbal Intelligence quotient, mean [CI] 114 [108;121] 114 [106;123] 0.937

Performance Intelligence quotient, mean [CI] 110 [104;117] 116 [108;124] 0.126

Neuro Psychological Assessment, total number of atypical 
scoresa, mean [CI]

3.68 [2.81;4.83] 2.87 [2.11;3.90] .782

Number of atypical scores Attention/Executive 
functionsa, mean [CI]

2.38 [1.71;3.31] 2.02 [1.37;2.99] .614

Number of atypical scores 
Memory/Learning functions, mean [CI]

0.59 [0.34;1.00] 0.42 [0.25;0.71] .397

Number of atypical scores 
Social Cognitiona, mean [CI]

0.60 [0.41;0.86] 0.32 [0.20;0.52] .676

Behavioural outcome

Child behaviour checklista, T score total behaviour 
problems, mean [CI]

45.8 [41.6;50.0] 44.6 [40.3;49.0] 0.162

Child behaviour checklist, T score internalizing 
problems, mean [CI]

45.7 [41.5;49.9] 45.8 [41.4;50.3] 0.946

Child behaviour checklist, T score externalizing
problems, mean [CI]

47.1 [42.9;51.2] 45.0 [40.4;49.5] 0.368

Teacher report form, T score total behaviour problemsa, 
mean [CI]

53.1 [49.2;57.1] 53.2 [48.7;57.8] 0.956

Teacher report form, T score internalizing problems, 
mean [CI]

53.6 [49.2;57.9] 53.3 [48.0;58.7] 0.912

Teacher report form, T score externalizing problems, 
mean [CI]

52.8 [48.5;57.1] 52.0 [47.1;56.9] 0.727

Blood pressure

Systolic blood pressure mmHg, mean [CI] 106 [103;109] 107 [104;110] 0.691

Diastolic blood pressure mmHga, mean [CI] 66.1 [63.3;68.9] 65.3 [62.0;68.6] 0.599

Systolic blood pressure percentilea,c, mean [CI] 62.9 [54.0;71.7] 62.9 [54.5;73.4] 0.986

Diastolic blood pressure percentilea,c, mean [CI] 64.1 [56.2;72.1] 61.6 [52.3;70.9] 0.568

Anthropometrics

Weight (kg)a, mean [CI] 34.8 [31.6;38.0] 35.6 [32.3;38.8] 0.669

Standing height (cm)a, mean [CI] 142 [139;144] 142 [139;145] 0.866

Body Mass Indexa, mean [CI] 17.4 [16.2;18.7] 17.6 [16.2;18.9] 0.853

Body Mass Index>25kg/m2, n (%) 11 (26) 10 (18) 0.915

Total skinfold thickness, mean [CI] 3.78 [2.81;4.75] 3.91 [2.87;4.95] 0.659

Central fat/peripheral fat distribution, mean [CI] 0.88 [0.76;0.99] 0.96 [0.84;1.09] 0.188

Head circumference (cm), mean [CI] 53.8 [53.2;54.4] 53.9 [51.2;54.7] 0.659

In the analyses we corrected for twins status, IVF/Intracytoplasmic sperm injection, age at examination, time to 
pregnancy, maternal age, high education mother, gestational age and neonatal intensive care admission.
a Missing data in the preimplantation genetic screening group: Body mass index=1, Body mass index>25 n=1, 
Diastolic blood pressure percentile n=1, Diastolic blood pressure n=1, standing height n=1, Neuro Psychological 
Assessment, total number of atypical scores = 2; Number of atypical scores Attention/Executive functions = 1; 
Number of atypical scores Social Cognition =1, Systolic blood pressure percentile n=1, Teacher report form = 8. 
Missing data in the control group: Body Mass Index=1, Body Mass Index>25 n=1, Child behaviour checklist = 2, 
Teacher report form = 13, weight n=1.
b Adverse neurological outcome consisted of clear neurological syndromes (one child with cerebral palsy in the 
PGS group) and complex minor neurological dysfunction.
c The blood pressure percentiles take sex, height and age in months into account.
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Discussion

This multicentre follow-up study of a randomized controlled trial indicates that PGS in 
cleavage stage embryos is not associated with adverse effects on neurological, cognitive 
and behavioural development, blood pressure or anthropometrics in offspring at 9 years. 
 At the age of 2 years, we reported that PGS offspring had a lower neurological 
optimality score than controls.35 At the age of 4 years, only PGS twins had a lower 
neurological optimality score.23 The current findings indicate that the negative association 
between PGS and neurological condition does not persist until 9 years. Two explanations 
may be offered for the disappearance of the association. First, the plastic changes of the 
developing brain may result in recovery of dysfunction.36 Second, it is possible that the 
effects of PGS are so minimal that they could not be detected with current group sizes, 
even with the use of the sensitive neurological optimality score. Our findings are in line 
with the only study that has investigated the safety of embryo biopsy (PGD)for cognitive 
and psychomotor development beyond the age of 5–6years. However, that study had an 
observational design and did not address the effect of PGS on top of IVF (Winter et al., 
2014). It should be noted, however, that the prevalence of adverse neurological outcome in 
our study was considerably higher than that of the general population (36 versus 5-7%).27,37 
This underlines the previously mentioned less favourable neurodevelopmental outcome 
of children born after IVF. The large majority of children with an adverse neurological 
outcome showed the complex form of minor neurological dysfunction. This non-optimal 
neurological condition is associated with an increased risk of developmental disorders, 
such as developmental coordination disorder, attention deficit hyperactivity disorder, 
autism spectrum disorders, coordination problems and specific learning problems.37-40 
Further studies are needed to unravel the underlying mechanisms. 
 Blood pressure and anthropometric outcome is in line with our findings at the age of 
4 and with those of others in children born after PGD and/or PGS at 2 years.20,24 Our study 
suggests that PGS does not have a long-term effect on blood pressure, i.e. at the age of 
9 years. Nevertheless, it is noteworthy that the mean BP percentiles in both groups are 
slightly above the 60th percentile. In line with the current literature, this suggests that 
IVF offspring are vulnerable to an increased BP.15,18,19 Underlying mechanisms are still not 
clear. Therefore more research is necessary.
 A strength of the study is the long-term follow-up of children born after IVF, where 
couples were randomly assigned to IVF with or without PGS. This design resulted in two 
groups with comparable background variables, so that the comparison of the PGS group 
and control group primary reflects the effect of PGS. Another strength is that we only 
studied children born following PGS. Most studies evaluating embryo biopsy included 
children born following PGD and PGS. Yet, where the technical procedures of PGD and PGS 
are similar, the indication for both techniques is not. PGD is used to avoid transmission 
of hereditary diseases in otherwise fertile couples, whereas PGS is used to increase 

the effectiveness of treatment in subfertile couples undergoing IVF.41 As subfertility is 
associated with obstetrical problems, perinatal adversities and a less optimal neurological 
development, PGS offspring could be more at risk for adverse health outcome than PGD 
offspring.17,42,43

 Our study had limitations. The power calculation of the original study was not based 
on the number of children needed for the follow-up study. PGS reduced the ongoing 
pregnancy rates, which further reduced sample size for follow-up. However, the post-
hoc power analysis indicated that the current study should have been able to detect 
differences that are clinically relevant. Both singletons and twins participated in the study. 
To avoid a potentially confounding effect of twin status on outcome, outcome appropriate 
mixed effects models with additional adjustment for twin status were applied.44 We realize 
that the generalizability of our findings is hampered due to the relatively high intelligence 
quotient of the participating children, possibly related to the well-educated parents and 
the selective drop-out of low educated parents.45

 Our study evaluated embryo biopsy in the form of PGS at cleavage stage (Day-3 
embryo biopsy), while in general the current practice is PGS at blastocyst stage (Day-5 
embryo biopsy).2Yet, we consider our long-term follow-up data as clinically relevant. First, 
the majority of embryos biopsied prior to 2012, received their biopsy at Day-3 cleavage-
stage embryos.12 For the healthcare professionals in charge of the counselling of the 
couples who received PGS with Day-3 embryo biopsy, it is important to know whether 
PGS-offspring are at increased risk of non-optimal health and development. Second, Day-
3 biopsy is still performed in IVF clinics.13 The clinical community would certainly benefit 
from a novel well-powered randomized controlled trial evaluating the effect of PGS with 
Day-5 embryo biopsy in combination with a long-term follow-up of offspring health and 
development.
 In conclusion, in this follow-up study of a randomized controlled trial, we found no 
evidence of adverse consequences of Day-3cleavage-stage PGS on neurodevelopment 
and health of offspring at 9years. These findings are reassuring for couples considering 
PGS and for parents of PGS offspring. However, both groups of IVF offspring showed high 
prevalences of the clinically relevant form of minor neurological dysfunction, which is a 
point of concern for the IVF community. In addition, our study confirms findings of others 
that IVF offspring maybe at risk of an unfavourable cardiovascular outcome. These findings 
are alarming and highlight the importance of research on the underlying mechanisms of 
unfavourable neurodevelopmental and cardiovascular outcomes of IVF offspring.
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The aim of this thesis is to analyse the possible effect of different IVF components, i.e., 
COH, the in vitro culture procedure, and PGS, and the underlying subfertility on long-term 
child health and development. Ovarian hyperstimulation induces the growth of multiple 
follicles, bypassing the natural selection of the development of one dominant follicle, 
and leads to higher progesterone and oestrogen levels preceding the laboratory IVF 
procedures. During the in vitro culture procedure and PGS oocytes, sperm and embryos 
are cultured in vitro, possibly affecting their developmental phenotype by epigenetic 
reprogramming. In addition, in PGS the embryo is manipulated even further than in IVF. 
As it is known that the early environment of an embryo may affect its physiology and 
thereby may lead to an increased vulnerability for health related problems in later life, it 
is conceivable that ovarian stimulation, the in vitro culture procedure and PGS affect the 
health of the offspring. In addition, the aetiology of subfertility or the parental subfertility 
may contribute to the risk of adverse health outcomes in the offspring, even though the 
etiological pathways are not clear.
 Knowledge on the possible associations between parts of the IVF procedures, 
PGS, subfertility and child health is important since IVF and PGS are increasingly used 
worldwide. In the discussion first the main findings in the Groningen ART cohort in relation 
to the current literature are discussed. Next, the discussion continues by addressing the 
findings in the PGS-trial follow-up study, followed by methodological limitations. Future 
perspective and concluding remarks close the discussion.

Discussion of the results - Groningen ART Cohort study

Reflection on the results

Twins and singletons born after IVF
Our study demonstrated that 4-year-old IVF conceived twins had a lower height (2.9 cm), 
a lower weight (1.7 kg) and a lower IQ (5.4 points) as compared to IVF singletons and a 
similar neurodevelopment and BP. Yet, after adjustment for confounders and mediators 
the development and health of 4-year-old IVF conceived twins did not differ from that 
of 4-year-old IVF conceived singletons. This indicates that the less favourable IQ scores, 
height and weight of IVF conceived twins is largely mediated by the increased risk of twins 
for adverse perinatal outcome and is not altered by IVF per se.1

 An increased risk of perinatal adversities was observed in the IVF twin group compared 
to the IVF singleton group.1 This finding is in line with that of others who studied the 
perinatal outcomes of IVF conceived twins and singletons. In addition, it is also in line 
with the large body of literature on naturally conceived twins and singletons.2 Although 
an increased risk of perinatal adversities was observed in IVF twin pregnancies compared 
to IVF singleton pregnancies, only a few studies addressed the long-term developmental 
outcomes after the perinatal period in twins born after IVF. Our findings regarding 
neurodevelopment, cognitive development and anthropometrics are in line with these 
studies.3,4 To the best of our knowledge no other study investigated the BP levels of twins 
and singletons born after IVF. This lack of knowledge about health and development of IVF 
twins emphasizes the need of good quality studies which track the health of ART offspring 
in long-term follow-up.
 Still, our study could have been improved by adding a group of naturally conceived 
twins. Comparing IVF conceived singletons and IVF conceived twins with naturally 
conceived twins could tell us if IVF increases the risk for a less optimal health and 
development in twins.

Conclusion: 
Our study indicated that the generally observed less favourable health and development 
in twins is also present in IVF conceived twins compared to IVF conceived singletons. 
However, our findings are not conclusive and should be interpreted with caution, as we 
do not know whether IVF actually increases this risk, as we did not compare naturally 
conceived twins with IVF conceived twins. 
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Clinical implication: 
In line with other studies our study indicated that a singleton pregnancy should be 
favoured over a twin pregnancy regarding short and long-term outcomes and that 
therefore a policy of a single embryo transfer is recommended when appropriate. In the 
Netherlands a decrease in the twin delivery rate after IVF and ICSI is observed from 2003 
(803/3706 [21.7%]) up until 2017 (155/5067 [3.1%]).5 In other Nordic-European the twin 
delivery rate after IVF and ICSI decreased as well. Yet, the twin delivery rate in most other 
European regions increased.6,7

IVF and the risk of asthma and atopic disease in the offspring

At the age of 4 years COH-IVF offspring more often used asthma medication than Sub-NC 
offspring.8 This finding differs from our finding at the age of 9 years. At the age of 9 years 
the IVF procedures (COH and the in vitro culture procedure) were not associated with 
an increased risk of asthma in the offspring. This difference in findings possibly could be 
attributed to the difference in age (4 versus 9 years) and be due to the fact that we used 
two different questionnaires. 
 At pre-school age (3-to-4 year olds) it is relatively hard to diagnose asthma, as 
spirometry cannot be used, whereas at the age of 9 years spirometry can be used. When 
children had reached the age of 4 years the parents were asked two questions: a) does your 
child have the diagnosis asthma, and b) does your child use asthma medication? In the 
Netherlands specific guidelines are used to diagnose asthma under the age of six. Because 
all the doctors use the same standard to diagnose asthma, the diagnosis of asthma should 
be accurate. However, it would have been better if the medical professionals in charge of 
the children with pulmonary signs had collected standardized data about the children’s 
pulmonary condition, which we (after permission of the parents) collected. In addition, 
medication may also have been prescribed for other indications than asthma, such as 
viral infections.9 Note, that our questionnaire did not include a question on the severity of 
asthma. 
 At the age of 9 years we used the standardized and validated International Study of 
Asthma and Allergies in Childhood (ISAAC) questionnaire. Because we used a standardized 
and validated questionnaire at the age of 9 years we consider the findings at 9 years more 
valid. In addition asthma symptoms that start in early childhood may disappear and may 
be absent for a relatively long time in life.10,11 Note that the predisposition for asthma 
itself does not resolve. However, the diminished expression of asthma with increasing 
age could also explain the difference in our findings. Still, the asthma prevalences in the 
three groups were lower than in the general population and lower than in other studies 
addressing the prevalence of asthma in IVF offspring. This underlines the notion that our 
study groups are not representative of the general population.

 Other studies evaluating the potential association between ART and asthma in 
the offspring suggested an increased risk for asthma in ART offspring, but could not 
determine if this was due to one of the IVF procedures, subfertility per se or confounding 
variables.12 Within the Millennium cohort study (n= 18,818) Carson and colleagues found 
an increased prevalence of asthma in 5-year-old children conceived with ART compared 
to naturally conceived children to fertile couples: adjusted OR (95% CI): 2.38 (1.34, 4.24) 
(after adjustment for breastfeeding, Caesarean section, gestational, maternal history of 
asthma, family smoking, social class and maternal age).12 At the age of 7 years still an 
increased asthma prevalence was observed: (adjusted OR [95% CI]: 1.84 [1.03, 3.28]), but 
no adjustment was made for breastfeeding, Caesarean section, gestational age or low 
birthweight. This leaves us with the question what causes the increased risk for asthma 
in ART offspring: our study indicated that the increased risk for asthma in IVF offspring is 
probably not due to the IVF procedures.
 Within the Swedish birth register cohort (n=2,628,728) Källén et al. used asthma drug 
use as an outcome parameter to study the prevalence of asthma in IVF offspring aged 2 to 
25 years. They demonstrated an increased risk for asthma in children conceived with IVF: 
adjusted OR (95% CI) 1.28 (1.23, 1.34).13 Yet, and in line with our study, this increased risk 
could not be attributed to the IVF procedures. The authors concluded that the risk could 
be attributed to parental subfertility, with neonatal morbidity and maternal asthma acting 
as mediators. The study did not adjust for low birthweight or Caesarean section, which are 
known risk factors for the development of asthma.
 The lack of information on confounding factors is a drawback of multiple studies 
that investigated the associations between IVF, parental subfertility and asthma in the 
offspring. Besides the known risk factor, there are several suspected but unverified risk 
factors for the development of asthma. For example, maternal high dose folic acid use (5 
mg) during pregnancy might increase the risk of asthma in the offspring.14 
In general, studies do not have information on these suspected but unverified risk factors.

Conclusion: 
No direct link between the IVF procedures per se and asthma in the offspring has been 
established in our study of 9-year-old children born to subfertile couples. Some studies 
showed an effect of parental subfertility on the prevalence of asthma in IVF offspring. 
However, it is unclear how this mechanism (parental subfertility leading to asthma in the 
offspring) works. It is possible that confounding factors cause the association.

Clinical implication: 
Asthma is a disorder with a considerable impact, not only in terms of reduced health but 
also in terms of costs. For instance, in Europe the estimated mean costs per patient per 
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year are 1700 Euro.15 Due to the high incidence among children (including IVF offspring) 
and the costs for the treatment of this disease, further studies should determine 
if parental subfertility is a risk factor that increases the risk of childhood asthma or if 
parental subfertility is a cause. In the mean time, parents should be counselled how they 
can promote their offspring’s pulmonary health (i.e. no [environmental] tobacco smoke 
exposure; improvement of indoor air quality; breastfeeding; and prevention of obesity).

Cardiovascular health of IVF offspring

The BP levels of 9-year-old singletons born following COH-IVF, MNC-IVF and Sub-NC did 
not differ in our study.16 Our finding differs from a previous finding of our study group. At 
the age of 4 years IVF children born following COH-IVF had a higher SBP than children born 
following MNC-IVF, suggesting an unfavourable effect of ovarian hyperstimulation on the 
offspring’s BP.17 As the literature describes a linear relationship between pre-school age 
BP and school-age BP the disappearance of the difference in BP between the COH-IVF and 
MNC-IVF group is a remarkable finding.18 A possible explanation could be that COH-IVF 
offspring is more vulnerable to stress than MNC-IVF offspring. It is known that the chances 
of achieving a pregnancy after one MNC-IVF cycle are smaller than after one COH-IVF 
cycle.19,20 Therefore women often have to undergo multiple MNC-IVF cycles. It is possible 
that women who chose to undergo a MNC-IVF trajectory tend to be more emotional stabile 
(cope well with stress) and more perseverant, as this is a longer trajectory compared to a 
COH-IVF trajectory. These two character traits potentially could have a positive influence 
on the offspring by nature and nurture. It is conceivable that the BP-assessment at 4 years 
had functioned as a rather stressful condition, as at the age of 4 years the child’s cognitive 
abilities to understand the strange situation of a BP-measurement are limited. At 9 years, 
children are presumably less stressed by a BP-measurement, as their cognitive abilities 
allow them to classify the measurement as a somewhat weird but harmless medical test. 
 Furthermore, at the age of 9 years just like at the age of 4 years, the mean BP percentiles 
of the three groups of children born to subfertile couples were higher than the expected 
50th percentile. This indicates that the 9-year-old offspring of subfertile couplies could 
have a higher BP than children who are conceived naturally. A second study of our group 
showed that the BP percentiles of 9-year-old offspring born at term of subfertile couples 
were indeed higher than those of peers born at term to fertile couples.21 This finding 
suggests that parental subfertility is associated with a higher BP in school-aged offspring.
 However, we did not have information on physical activity and the diet of the 
participation children. Both diet and physical activity are directly linked to BP and 
anthropometrics, so it is preferable to correct for these confounders. In addition, all BP 
measurements were performed on one day. A 24-hour telemetric BP measurement would 
be far more accurate. However, this is stressful for the children and it was for logistic 

reasons (it will cost more money and time) not possible.
 Other studies showed that children conceived by IVF/ICSI had statistically significantly 
higher BP levels than naturally conceived children.22 However, the studies compared IVF/
ICSI offspring with naturally conceived children to fertile couples. Without adjustment for 
subfertility, the higher BP levels could also be attributed to subfertility. 
 Others who did have information on subfertility demonstrated higher BP levels in 5-to-6 
year old children born to subfertile couples compared to children born to fertile couples.23 
This finding is in line with others reporting that the offspring of subfertile couples has a 
less optimal health compared to naturally conceived children of fertile couples, such as 
adverse perinatal outcomes and birth defects.24 

Conclusion: 
Controlled ovarian hyperstimulation and the in vitro procedure are not associated with 
higher BP in 9-year-old children born to subfertile couples. Nine-year-old children of 
subfertile couples have higher BP levels than naturally conceived children of fertile couples. 
The higher BP levels may be attributed to the multifactorial inherent risk associated with 
subfertility and not to the IVF procedures.

Clinical implications: 
High BP is one of the main risk factors for the development of a cardiovascular disease and 
can damage the human body years before the first symptoms of a cardiovascular disease 
emerge.25 As it is known that BP tracks from childhood into adulthood, these differences in 
BP between fertile and subfertile offspring may become more evident when the children 
grow older. Therefore it is important to investigate if adults born to subfertile couples have 
a higher BP than adults born to fertile couples. In case the offspring of subfertile couples 
have a higher BP at adult age cardiovascular risk management should take being born to 
subfertile couples into account. 

Visual acuity in children conceived with IVF

Our study showed that the proportion children wearing glasses on medical indication was 
highest in the COH-IVF group (23%), followed by the MNC-IVF (12%) and the Sub-NC (8%) 
groups. After adjustment the proportion of COH-IVF children wearing glasses on medical 
indication was four times higher than that of Sub-NC children (adjusted odds ratio 4.0 
[95%CI: 1.13, 14.06]) and two times higher than that of MNC-IVF children (adjusted odds 
ratio 2.4 [95%CI: 0.74, 7.87]). This indicates that the observed differences may be related 
to the COH used in IVF.
 The Dutch prevalence of 11-year-old children wearing glasses, which is 11%, supports 
our finding, as the prevalence of wearing glasses on medical indication in the COH-IVF 
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group was 23%.26 The prevalence of children in the MNC-IVF group and Sub-NC group 
wearing glasses was comparable with the Dutch average rate of children wearing glasses. 
This could mean that COH per se is associated with refractive errors in IVF offspring. 
 However, our study only had information on children’s ophthalmic condition that was 
obtained from their ophthalmologist. It is preferred that all participating children undergo 
the same ocular examination that includes: visual acuity, refraction, cornea thickness, axial 
length, ocular surface and intraocular pressure. By doing so, it is possible to investigate if 
COH is also associated with other ocular outcomes. 
 Up until now one systematic review, conducted in November 2018, evaluating the 
visual acuity of children conceived with the help of ART has been carried out.27 The review 
identified six studies examining the visual function of ART offspring. Their main finding 
was that the available data were inadequate to draw a firm conclusion regarding IVF and 
the visual function of the offspring: sample sizes in all but one study were insufficient and 
multiple studies lacked information about the obstetric and perinatal period.27 The one 
large observational based Swedish study of Tornqvist et al. demonstrated an increased 
incidence of severe visual impairment in 24,628 IVF children born between 1985-2005 in 
Sweden, with all children born during the corresponding years being used as the control 
group (odds ratio [95% CI]: 1.65 [1.12, 2.45]).28 This finding is in line with our results.
 
Conclusion: 
Our study found support for the hypothesis that IVF offspring is at risk for refractive errors 
at the age of 11 years. This observed risk might be related to the COH used in IVF.

Clinical implications: 
No study has been able to confirm or reject the hypothesis that IVF offspring is vulnerable 
for an altered ophthalmic development. In the Netherlands, the general health, including 
the ophthalmic condition, of all children up until pre-school age is evaluated multiple 
times at the well-baby clinics (Consultatie Bureau). If our result can be replicated in well-
powered studies special attention should be given to the visual acuity of IVF offspring at 
school age.

Discussion of the results – the PGS-trial

Developmental outcome of children born after PGS 

In the follow-up study of our multicentre RCT PGS in cleavage stage embryos was not 
associated with adverse effects on neurological, cognitive and behavioural development, 
BP or anthropometrics in IVF offspring at 9 years. This finding differs from two previous 
findings of our research group, in which we reported that (a) 2-year-old PGS offspring 
had a lower neurological optimality score than controls and (b) 4-year-old PGS twins had 
a lower neurological optimality score than control twins.29,30 This difference in findings 
might be attributed to plasticity of the brain in childhood that result in the disappearance 
of differences in the neurological optimality score.31 Alternatively, it might be that our 
group sizes were not sufficiently large to detect minimal effects of PGS on the sensitive 
neurological optimality score.
 A remarkable finding of our study was the relatively high prevalence of an adverse 
neurological outcome, i.e., the presence of minor neurological dysfunction (MND), at the 
age of 9 years. In our study the prevalence of an adverse neurological outcome was 36% 
(PGS 40% and control group 34%), whereas the prevalence of an adverse neurological 
outcome (MND) in the general population is 5-7%.32 Olivares et al. recently concluded 
that parental subfertility is associated with a higher prevalence of an adverse neurological 
outcome in the offspring, not the specific components of IVF.33

 Our findings on cognitive and neuromotor development are in line with others. The 
observational study of Winter et al. did not find a difference in psychomotor development 
between 5-to-6-year-old day-3 PGD offspring and ICSI offspring.34 Our findings on BP and 
anthropometric outcomes do not differ from our findings at the age of 4 years and are 
in agreement with the study of Belva et al. on the body composition and BP of 5.5-year-
old day-3 PGD offspring.35 Belva and colleagues also reported no differences in standing 
height, weight, body fat distribution or BP between PGD and ICSI offspring. However, it 
should be noted that in our study the mean BP percentiles of the PGS and control group 
were above the 60th percentile. In line with other reports (see section on cardiovascular 
health) this suggests that IVF offspring born with and without PGS are vulnerable to an 
increased BP.21 
 However, as our previous study on IVF and BP we did not have information on 
physical activity and the diet of the participation children and all BP measurements were 
performed on one day. Other limitations were discussed in the chapter itself (selective 
drop-out, power calculation and day of embryo biopsy).

Conclusion: 
Day-3 cleavage-stage PGS does not have adverse consequences for neurodevelopment 
and cardiovascular health of 9-year-old IVF offspring.
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Clinical implications: 
That day-3 cleavage-stage embryo biopsy does not have adverse consequences for 
neurodevelopment and cardiovascular health of the offspring is essential information for 
couples with a high risk of transmitting a genetic disorder that request PGD. Although day-
3 embryo biopsy is no longer recommended, day-3 cleavage stage embryo biopsy for PGD 
and PGS continues to be performed. It is reassuring for both patients and physicians that 
day-3 embryo biopsy does not affect child health up until the age of 9 years. 

Methodological considerations

We acknowledge limitations within our study. One of the main limitations of the study is its 
size. Initially the study focused on the neurological development of children born after IVF 
with and without COH and children who were conceived naturally to subfertile couples. 
The children’s neurological development was evaluated with the Hempel assessment. As 
mentioned in Box 1 (page 30) one of the outcome measures of the Hempel examination 
is the fluency score, which is sensitive and suitable to find a dysfunction in the nervous 
system of children. Based on the fluency score at 18 months 64 children had to be included 
in each group to reach a power of 80%. The limited sample sizes did not allow us to stratify 
our data by ICSI and sex of the children.
 Although the major strength of the study is its unique design, the design does not 
allow us to study the possible effect of subfertility per se. The inclusion of a group of 
children born to fertile couples at birth would have improved the study’s design. Note, 
that a proper design would have included the children at birth; retrospective inclusion of 
fertile controls induces selection bias. Our study had detailed information on TTP that can 
be used as a proxy for the severity of subfertility. However, there could be a difference in 
the meaning of TTP in the IVF groups and the Sub-NC groups. In the former, TTP ends by 
the performance of IVF and one never will know if these couples would get spontaneously 
pregnant if no IVF was used. So a real TTP is actually unknown in these groups, as IVF has 
shortened TTP artificially.
 Another limitation is that the women who underwent MNC-IVF treatment had to 
fulfil specific inclusion criteria regarding age, BMI, previous type of ART treatment and 
menstrual cycle. Although we have tried to reduce selection bias by statistical adjustment 
we cannot rule out this form of bias. Other subtler group characteristics could possibly also 
influence health and development of the offspring. For example, the chances of achieving 
a pregnancy after one MNC-IVF cycle are smaller than after one COH-IVF cycle. Therefore 
women often have to undergo multiple MNC-IVF cycles. It is possible that women who 
chose to undergo a MNC-IVF trajectory tend to be more emotional stabile (cope well 
with stress) and more perseverant, as this is a longer trajectory compared to a COH-IVF 
trajectory. These two character traits potentially could have a positive influence on the 
offspring by nature and nurture.

Future perspectives

Scientists have been asking themselves the legitimate question if we are not overusing IVF 
and whether there are long-term consequences of IVF for the offspring.36 Both questions 
do not detract from the fact that over seven million children have been conceived with the 
help of IVF and that little is known about the long-term health outcomes of ART offspring. 
To gain knowledge about IVF offspring’s’ health, follow-up studies and population-based 
studies evaluating the long-term safety of IVF are needed. However, long-term follow-up 
studies in general, as illustrated by this thesis, are difficult to carry out and population-
based studies require financial plus political support. However, with ART birth records and 
big data analysis becoming more common hopefully these types of studies can be carried 
out easier in the near future. Another obstacle that the scientific community addressing 
the long-term sequelae of ART has to tackle is that the ART-procedures develop and change 
over time. Therefore ART birth records should register the specifics of the ART procedure 
including its indication and the details of the procedure, such as type of hyperstimulation, 
types of medication, duration of culture, ICSI or IVF, type of culture media, air-condition, 
so that the data can be linked to data on health of ART offspring in the future.
 Multiple issues that need to be addressed in future studies were already mentioned 
throughout this thesis. Nevertheless I want to highlight three research topics.
 (1) Futures studies should address the question what the influence of the IVF 
procedures and subfertility per se are on the cardiovascular and cardiometabolic health 
of the offspring. Within the Groningen ART cohort and PGS trial follow-up study we aim 
to conduct another follow-up round at the age of 18 years. Lipid profiles, glucose and 
insulin levels could be added to the measurement of BP, anthropometrics and advanced 
glycated end products.37 A benefit of the measurement of these metabolic parameters 
is the availability of reference values allowing for a comparison with the values of the 
general population.
 (2) Evidence is increasing that parental subfertility has a negative influence on child 
health.21,23,24,33 Studies on the long-term health of ART offspring showed that after 
adjustment for TTP most adverse outcomes are reduced.23 However, there is a downfall 
of taking TTP as a proxy for the severity of subfertility. In subfertile and fertile control 
groups women conceived naturally, i.e. their TTP naturally ended, whereas in ART groups 
pregnancy was achieved after a medical intervention, i.e. their TTP is artificially ended. 
This means that there always could be a remaining effect of subfertility on ART offspring 
after adjustment. Studies consisting of a group of naturally conceived children born to 
subfertile couples who were waiting for fertility evaluation or treatment and compare 
this group of children to naturally conceived children to fertile couples could give more 
insight on the effect of parental subfertility on child health. A RCT on IVF with ‘a no 
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intervention arm’ could be of great value. But this introduces great ethical issues. It would 
be interesting to see if in the ‘no intervention arm’ the TTP - which is a proxy for the 
severity of subfertility - has an effect on the health and development of the offspring. Due 
to the common use of IVF and the change of the definition of subfertility from 2 years to 
1 year by the World Health Organisation in 2008 there is a tendency to treat less severe 
subfertile couples. For example it is possible that the more favourable outcomes regarding 
preterm birth described in the introduction could be explained by the inclusion in the 
treatment of less severe subfertile couples and not by improved IVF techniques.
 In addition, most studies investigate child health within a mixed population of maternal 
subfertility, paternal subfertility and unexplained subfertility. Future studies should 
address if maternal and paternal subfertility have independent or combined effects on 
child health.
 (3) Another issue that needs to be addressed is the reproductive health of ART 
offspring. 
Louise Browns’ younger sister, Natalie, was the first female born after IVF to give birth 
herself. Regarding the reproductive health of their IVF-peers little is known. 
 Most studies assessed the reproductive abilities of male ICSI offspring (ICSI used as 
treatment for male infertility diagnosis) and found that in 54 ICSI men aged 18-to-22-years 
more often sperm concentrations below 15 million/mL and a total sperm counts below 
39 million than naturally conceived peers.38 Men with sperm concentrations below 15 
million/mL and/or a total sperm counts below 39 million are considered to have a low 
sperm count.39 However, little is known on the effect of TTP on outcome of ICSI offspring 
as no study addressed this issue. Still these first results in a small group of adult men born 
after ICSI emphasize the need of studies on the reproductive abilities of ART offspring.

Concluding remarks

Overall, the results of our studies regarding the IVF procedures and PGS are reassuring. We 
found no differences in cardiovascular health and asthma prevalence between singletons 
conceived after IVF with and without ovarian hyperstimulation and naturally conceived 
children to subfertile couples at the age of 9 years. In addition, day-3 PGS does not seem 
to have an adverse effect on child health. However we did find that children conceived 
with conventional IVF, i.e. IVF with ovarian hyperstimulation, are at risk for refractive 
errors and that subfertility is associated with a less favourable cardiovascular risk profile. 
In the current literature evidence is accumulating that the majority of adverse effects 
found in ART offspring are due to the underlying parental subfertility and not to the ART 
procedures. This means that ART allows subfertile couples to conceive of offspring that 
may be at risk of an impaired health at later age. Further studies should determine how 
this risk is at the individual and population level. Therefore, follow-up studies addressing 
the long-term health outcomes after ART are needed. 

The five main findings of this thesis are:
(I). The generally observed increased risk for less favourable health in twins also holds true 
for IVF twins compared to IVF singletons.
(II). The IVF procedures are not associated with an increased prevalence of asthma and 
rhinitis in the offspring at 9 years of age.
(III). Ovarian hyperstimulation as part of an IVF-procedure is associated with refractive 
errors in 11-year-old IVF offspring.
(IV). The IVF-procedures are not associated with higher blood pressure values in 9-year-
old children born to subfertile couples, subfertility per se is.
(V). Preimplantation genetic screening following day-3 cleavage stage embryo biopsy 
does not have an adverse effect on the neurodevelopment, anthropometrics and blood 
pressure of 9-year-old IVF offspring.
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In vitro fertilization (IVF) has seen a rapid rise in its use for the treatment of infertility 
over the past decades. IVF allows subfertile couples to achieve pregnancy resulting in the 
birth of a child. However, it is known that IVF is, among others, associated with increased 
prevalences of preterm birth, low birthweight and multiple birth. These conditions are risk 
factors for impaired health later in life in IVF offspring. More general, David Barker -who 
coined the developmental origins of health and disease (DOHaD) theory – demonstrated 
how parental and environmental factors may influence fetal development in such a way 
that it may result in an increased vulnerability for health related problems in later life. 
This implies that components related with IVF, such as the in vitro culture procedure, 
controlled ovarian hyperstimulation (COH), the underlying parental subfertility, but also 
preimplantation genetic screening (PGS) all could affect the health of IVF offspring. COH 
induces the growth of multiple follicles, bypassing the natural selection of the development 
of one dominant follicle, and leads to higher progesterone and oestrogen levels preceding 
the laboratory IVF procedures and during early embryo development. During the in vitro 
culture procedure oocytes, sperm and embryos are handled outside the human body, 
possibly affecting their developmental phenotype by epigenetic programming. In addition, 
in PGS the embryo is manipulated even further than in IVF. PGS has been developed to 
boost chances of a successful pregnancy for couples undergoing IVF. Although this is 
not the case. PGS requires embryo biopsy allowing the screening for aneuploidies. Only 
screened embryos for euploidy are transferred to the womb. 
 This thesis evaluates the possible long-term effects of ovarian hyperstimulation, the 
in vitro culture procedure and PGS on the health and development of IVF offspring. It is 
based on the Groningen ART-cohort study and the PGS-trial. The Groningen ART cohort 
consist of three groups: 1) children born after controlled ovarian hyperstimulation-IVF 
(COH-IVF, n= 57); 2) children born after modified natural cycle-IVF (MNC-IVF, n= 48); 3) 
children from subfertile parents who eventually conceived naturally (Subfertile-naturally 
conceived; Sub-NC, n= 68). The cohort was used to disentangle the effects of COH 
(comparing the COH-IVF with the MNC-IVF group) and the in vitro procedure (comparing 
the MNC-IVF with the Sub-NC group) on health and development of singletons and twins 
born to subfertile couples. The PGS-trial consists of two groups of children who were born 
after IVF with or without PGS.
 In chapter 2 the following question is addressed: are cognitive and neurological 
development, anthropometrics and blood pressure (BP) levels of 4-year-old COH-IVF 
twins (n= 48) worse than those of age-matched COH-IVF singletons (n= 103)? Cognitive 
development was evaluated with the Kaufman test (primary outcome intelligence 
quotient [IQ]). Neurological development with the Hempel test. Anthropometrics 
and BP were measured. IVF twins had a lower weight, a shorter height and a lower IQ 
score compared to IVF singletons. These differences disappeared after adjustment for 
confounders. Neurodevelopment and BP did not differ between the two groups. The 

study indicated that the generally observed less favourable health and development in 
twins is also observed in IVF conceived twins compared to IVF conceived singletons. 
 The studies described in chapter 3 and 4 investigated the possible effects of ovarian 
hyperstimulation and the in vitro culture procedure on asthma and asthma medication 
use in 4-year-old and 9-year-old children born to subfertile couples. Participants were 
singletons of the Groningen ART cohort of whom parents filled out a questionnaire on 
asthma. At the age of 4 years the rate of asthma medication was higher in the COH-IVF 
group than in the Sub-NC group (adjusted odds ratio [OR] [95% CI]: 1.96 [1.00, 3.84]). 
At the age of 9 years the prevalence of asthma did not differ in the three groups: COH-
IVF (8%); MNC-IVF (0%); and Sub-NC (6%). Adjustment for confounders did not alter 
the results. At 9 years of age neither ovarian hyperstimulation, nor the in vitro culture 
procedure were associated with asthma. 
 In chapter 5 visual acuity of 11-year-old IVF offspring is addressed. The proportion 
children wearing glasses on medical indication was highest in the COH-IVF group (23%), 
followed by the MNC-IVF group (12%) and the Sub-NC group (8%). After adjustment for 
confounders the proportion of COH-IVF children wearing glasses on medical indication 
was four times higher than of Sub-NC children (adjusted OR [95% CI]: 4.0 [1.13, 14.06]) 
and two times higher than of MNC-IVF children (adjusted OR [95% CI]: 2.4 [0.74, 7.87]). 
This suggests that COH is associated with refractive errors.
 In chapter 6 the BP percentiles (which take sex, age and height into account) and 
anthropometrics of 9-year-old children of the Groningen ART cohort study are assessed. 
The systolic blood pressure (SBP) and diastolic blood pressure (DBP) percentiles did 
not differ between the three groups, but were all above the expected 50th percentile. 
No differences were observed regarding height, weight and heart rate. Adjustment for 
confounders did not alter the results. 
 The study described in chapter 7 investigated the possible effect of parental subfertility 
on the BP of the offspring at the age of 9 years. We compared the BP percentiles of 
the pooled Groningen ART cohort study (n= 149) with the BP percentiles of another 
longitudinal study of children of fertile couples (n=277). SBP and DBP percentiles were 
higher in the subfertile group (mean [SD], SBP percentile 60.6 [19.2], DBP percentile 62.5 
[18.6]) than in the fertile group (mean [SD], SBP percentile 56.0 [24.5], DBP percentile 
56.1 [23.3]). This result suggests that parental subfertility is associated with higher BP 
values in the offspring.
 The study in chapter 8 is part of the PGS-trial; it investigated whether day-3 cleavage 
stage PGS affects neurological development, cognitive development, anthropometrics 
and BP of 9-year-old IVF offspring. Forty-three children born after IVF with PGS (PGS 
group) and 56 children born after IVF without PGS (control group) took part in the study. 
The children’s neurological condition was assessed with the MND-assessment (focussing 
on minor neurological dysfunction), and their cognitive development with an IQ test. 
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Behaviour was analysed with a parental questionnaire. BP and anthropometrics were 
measured. No differences between the two groups were observed in neurodevelopment, 
cognitive development, anthropometrics and BP. 
 Overall, the results of our studies regarding the IVF procedures and PGS are 
reassuring. We found no differences in cardiovascular health and asthma prevalence 
between singletons conceived after IVF with and without ovarian hyperstimulation and 
naturally conceived children to subfertile couples at the age of 9 years. In addition, day-3 
PGS does not seem to have an adverse effect on child health. However we did find that 
children conceived with conventional IVF, i.e. IVF with ovarian hyperstimulation, are at 
increased risk of refractive errors and that subfertility is associated with a less favourable 
cardiovascular risk profile.
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In vitro fertilisatie (IVF) wordt ingezet bij de behandeling van subfertiele paren met 
onvervulde kinderwens. Een paar wordt als subfertiel beschouwd wanneer na 12 maanden 
van onbeschermde coïtus geen zwangerschap is ontstaan. De IVF-procedure brengt met 
zich mee dat het milieu voor de gameten rond de conceptie en het milieu voor het jonge 
embryo tijdens de vroegste ontwikkeling afwijkt van de natuurlijke omgeving. Gelet op 
de waarneming van David Barker - de bedenker van de Developmental Origins of Health 
and Disease (DOHaD) theorie - die liet zien hoe het intra-uteriene milieu van de foetus 
de gezondheid van het individu op latere leeftijd kan beïnvloeden, is het voorstelbaar dat 
IVF is geassocieerd met een verhoogde kans op gezondheidsproblemen op latere leeftijd.
 In theorie zouden ovariële hyperstimulatie en de in vitro culture procedure beiden 
invloed kunnen hebben op de ontwikkeling en de gezondheid van het nageslacht. 
Ovariële hyperstimulatie zorgt er voor dat meerdere follikels uitrijpen waardoor het 
proces van natuurlijke selectie van één eicel wordt overruled. Ovariële hyperstimulatie 
veroorzaakt ook hoge oestradiolspiegels. Dit leidt tot veranderingen in de opbouw van 
het endometrium, voorafgaand aan de implantatie van het terug te plaatsen embryo. 
Gedurende de in vitro culture procedure en preimplantatie genetische screening (PGS) 
worden eicel en spermacel buiten het lichaam in een kweekmedium bewerkt. PGS is een 
techniek waarbij op de derde dag na bevruchting van de eicel één cel van het achtcellige 
embryo wordt gebiopteerd. De gebiopteerde cel wordt vervolgens gescreend op 
chromosoomaantallen. Alleen gescreende embryo�s die euploïd lijken worden na biopsie 
in de baarmoeder geplaatst.
 Om de ontwikkeling van kinderen geboren met behulp van IVF in kaart te brengen 
werden er binnen de Groningen ART cohort studie drie studiegroepen met elkaar 
vergeleken: (1) Een groep kinderen geboren na IVF met voorafgaande gecontroleerde 
ovariële hyperstimulatie (COH-IVF, n= 57); (2) een groep kinderen geboren met behulp van 
minimale hormonale stimulatie binnen de eigen ovariële cyclus-IVF (MNC-IVF, n= 48); (3) 
en een derde groep natuurlijk verwekte kinderen van subfertiele ouders (Sub-NC, n= 68). 
Door de COH-IVF groep met de MNC-IVF groep te vergelijken, kunnen we het effect van 
de gecontroleerde ovariële hyperstimulatie bestuderen. Wanneer de MNC-IVF-kinderen 
met Sub-NC-kinderen worden vergeleken leggen we het potentiële effect van de in vitro 
procedure bloot.
 Om de ontwikkeling van kinderen geboren na IVF met PGS in kaart te brengen werden 
in de PGS studie twee groepen kinderen met elkaar vergeleken: een groep kinderen 
geboren na IVF met PGS (PGS groep) en een groep kinderen geboren na alleen IVF.
 Hoofdstuk 2 richt zich op de cognitieve en neurologische ontwikkeling, antropometrie 
en bloedruk van 4-jarige tweelingen (n=48) geboren na COH-IVF en 4-jarige eenlingen 
(n=103) geboren na COH-IVF. De cognitieve ontwikkeling van de kinderen werd in kaart 
gebracht met het Kaufman onderzoek (primaire uitkomstmaat intelligentie quotiënt 
[IQ]) af. De neurologische ontwikkeling met het Hempel onderzoek. Antropometrie en 

bloeddruk werden gemeten. De tweelingen hadden een lager gewicht, een kortere lengte 
en een lagere IQ score vergeleken met eenlingen. De verschillen verdwenen wanneer er 
werd gecorrigeerd voor confounders. De neurologische ontwikkeling en bloeddruk van 
de kinderen verschilden niet. De studie liet zien dat de algemene bevinding van een 
minder gunstige ontwikkeling van tweelingen ten opzichte van eenlingen ook geldt voor 
tweelingen geboren na IVF. 
 De studies in hoofdstuk 3 en 4 onderzoeken het mogelijke effect van ovariële 
hyperstimulatie en de in vitro culture procedure op de prevalentie van astma in 4-jarige 
en 9-jarige kinderen van subfertiele paren. De ouders vulden een vragenlijst over astma 
en het astma medicatiegebruik van hun kind in. Op 4-jarige leeftijd gebruikten COH-IVF 
kinderen vaker astma medicatie dan Sub-NC kinderen (na correctie voor confounders; 
odds ratio [OR] 1.96 [95% CI 1.00, 3.84]). Op 9-jarige leeftijd was de prevalentie van astma 
vergelijkbaar in de drie groepen: COH-IVF (8%); MNC-IVF (0%); en Sub-NC (6%). Correctie 
voor confounders veranderde de resultaten niet. We concludeerden dat op 9-jarige 
leeftijd noch de ovariële hyperstimulatie, noch de in vitro culture procedure geassocieerd 
zijn met astma. Ook hebben kinderen geboren na IVF geen hogere prevalentie van astma 
dan natuurlijk verwekte kinderen van subfertiele paren.
 In hoofdstuk 5 wordt de visus van 11-jarige kinderen geboren na IVF gerapporteerd. 
De ouders van de kinderen vulden vragen over het gezichtsvermogen van hun kinderen 
en zichzelf in. Uit deze gegevens bleek dat 23% van de COH-IVF kinderen een door een 
oogarts voorgeschreven bril droeg, gevolgd door 12% van de MNC-IVF kinderen en 8% 
van de Sub-NC kinderen. Na correctie voor confounders bleek het risico op het dragen 
van een medisch geïndiceerde bril bij de COH-IVF kinderen vier keer zo hoog als bij de 
Sub-NC kinderen (OR 4.0 [95%CI: 1.13, 14.06]) en twee keer zo hoog als bij de MNC-IVF 
kinderen (OR 2.4 [95%CI: 0.74, 7.87]). Deze bevindingen suggereren dat kinderen geboren 
na IVF met ovariële hyperstimulatie op 11-jarige leeftijd een verhoogd risico op refractaire 
afwijkingen hebben.
 Hoofdstuk 6 gaat over de antropometrie en bloeddruk percentielen van 9-jarige 
kinderen geboren na IVF. De percentielen houden rekening met leeftijd, sekse en lengte. De 
systolische bloeddruk (SBP) percentielen verschilden niet tussen de groepen (gemiddelde 
[standaardafwijking]): COH-IVF 64.2 [20.2]; MNC-IVF 56.3 [19.3]; Sub-NC 62.3 [17.8]. Na 
statistische correctie voor confounders bleven de bloeddrukwaarden tussen de groepen 
gelijk. Antropometrische uitkomstwaarden verschilden ook niet tussen de groepen. Dit 
onderzoek laat geen nadelig effect zien van ovariële hyperstimulatie en de in vitro culture 
procedure op de bloeddruk en antropometrie van 9-jarige kinderen van subfertiele 
ouders. Wel waren de bloeddruk percentielen van de drie groepen boven het verwachte 
50ste percentiel.
 Daarom is hoofdstuk 7 gericht op het mogelijke effect van ouderlijke subfertiliteit 
op de bloeddruk percentielen van 9-jarige kinderen. De bloeddruk percentielen van 
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kinderen van subfertiele ouders (subfertile groep, n= 149) werd vergeleken met de 
bloeddruk percentielen van 9-jarige kinderen van fertiele ouders (fertiele groep, n= 277). 
De SBP en diastolische bloeddruk (DBP) percentielen waren hoger in de subfertiele groep 
(gemiddelde [standaardafwijking] SBP 60.6 [19.2], DBP 62.5 [18.6]) dan in de fertiele 
groep (gemiddelde [standaardafwijking] SBP percentiel 56.0 [24.5], DBP percentiel 56.1 
[23.3]). Deze bevindingen suggereren een rol van ouderlijke subfertiliteit in het ontstaan 
van hogere bloeddrukken in het nageslacht.
 Hoofdstuk 8 is onderdeel van de PGS studie. In deze studie wordt het mogelijke 
effect van PGS op de neurologische ontwikkeling, cognitieve ontwikkeling, bloeddruk 
en antropometrie van 9-jarige kinderen geëvalueerd. Twee groepen kinderen werden 
met elkaar vergeleken. Een groep kinderen geboren na IVF waarbij op de derde dag na 
bevruchting 1 of 2 cellen van een embryo werden afgehaald (de PGS groep, n=43) en 
een groep kinderen geboren na IVF zonder embryo biopsie (controle groep, n=56). Op de 
leeftijd van 9 jaar werden de kinderen neurologisch onderzocht met het MND-assessment 
(met speciale aandacht voor minor neurological dysfunction), werd een IQ-test afgenomen 
(WASI), en neuropsychologisch (NEPSY-II NL) en antropometrisch onderzoek verricht. Ook 
vonden er bloeddrukmetingen plaats. Op de leeftijd van 9 jaar werd er in geen enkele 
uitkomstparameter verschil gevonden tussen de PGS groep en de controle groep. 
 Over het algemeen zijn de resultaten van de studies geruststellend voor de IVF 
procedures en PGS. Er zijn geen verschillen gevonden in cardiovasculaire gezondheid en 
in de prevalentie van astma tussen 9 jaar oude kinderen geboren na IVF met ovariële 
hyperstimulatie, IVF zonder ovariële hyperstimulatie en natuurlijk verwekte kinderen 
van subfertiele paren. Daarnaast lijkt PGS waarbij op dag 3 na bevruchting een of twee 
cellen van het embryo worden weggenomen geen effect te hebben op de neurologisch 
en cognitieve ontwikkeling, de antropometrie en de bloeddruk van 9 jaar oude kinderen 
geboren na IVF. We vonden echter wel dat kinderen geboren na conventionele IVF, d.w.z. 
IVF met ovariële hyperstimulatie, een verhoogd risico lopen op refractaire afwijkingen en 
dat subfertiliteit geassocieerd is met een minder gunstige cardiovasculaire risicoprofiel. 
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