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Abstract

Background: An increased risk of major congenital abnormalities after IVF and ICSI 
has been described, but underlying mechanisms are unclear. This study evaluates the 
effects of ovarian hyperstimulation, the in vitro procedure and time to pregnancy 
(TTP) – as proxy for the severity of subfertility – on the prevalence of dysmorphic 
features.
Design/methods: Participants were singletons born following controlled ovarian 
hyperstimulation-IVF/ICSI (COH-IVF/ICSI; n = 66), or modified natural cycle-IVF/
ICSI (MNC-IVF/ICSI; n = 56), or to subfertile couples who conceived naturally (Sub-
NC; n = 86). Dysmorphic features were assessed according to the method of Merks 
et al., and are classified into ‘minor variants’ (minor anomalies or common variants) 
and ‘abnormalities’ (clinically relevant or irrelevant abnormalities). We focussed on 
minor anomalies as they indicate altered embryonic development and because they 
have the advantage of a higher prevalence.
Results: The prevalences of any of the outcome measures were similar in the three 
groups. One or more minor anomalies, our primary outcome measure, occurred 
in 50% of COH-IVF/ICSI, 54% of MNC-IVF/ICSI and 53% of Sub-NC children. TTP 
in  years was significantly associated with abnormalities (aOR: 1.20, 95%CI: 1.02-
1.40), especially with clinically relevant abnormalities (aOR: 1.22, 95%CI: 1.01-1.48).
Conclusions: The  study indicates that ovarian hyperstimulation and the in  vitro 
procedure are not associated with an increase in dysmorphic features. The positive 
association between TTP and clinically relevant abnormalities suggests a role of the 
underlying subfertility and its determinants in the genesis of dysmorphic features.



81 

Dysmorphic features in IVF/ICSI offspring

C
h

apter 4

Introduction

Evaluation of  safety outcomes after assisted reproductive techniques (ART), like 
in  vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI), remains 
of great concern to society as the use of ART increases continuously (Andersen et al. 
2009). This is especially true as ART is known to be associated with adverse short-
term outcomes, such as preterm birth, lower birthweight, perinatal mortality and 
increased neonatal intensive care admission (Helmerhorst et al. 2004, Jackson et al. 
2004). Furthermore, ART is associated with an increased risk of congenital abnor-
malities (Davies et al. 2012b, Hansen et al. 2005, Rimm et al. 2004).

ART-related procedures that could interfere with developmental processes 
are for example the bypass of natural selection, artificial maturation of the ovum us-
ing ovarian hyperstimulation, early embryonic development in vitro, the use of cul-
ture media and the altered early intra-uterine environment associated with ovarian 
hyperstimulation (Belva et al. 2008, Griesinger et al. 2008, Middelburg et al. 2009, 
Saunders et al. 1988, Wennerholm et al. 2009).

Recently Halliday et al. suggested that ovarian hyperstimulation indeed may 
play a role, as less blastogenesis birth defects occurred after frozen-thawed embryo 
transfer – a situation which is characterized by the absence of recent hormone ex-
posure related to oocyte collection – than after fresh embryo transfer (Halliday et al. 
2010). An altered early environment could result in an altered imprinting and meth-
ylation pattern of  DNA after ART (Amor and Halliday 2008, Ceelen et  al. 2008c, 
Manipalviratn et al. 2009).

However, it  is debated whether ART itself increases the risk of  congenital 
abnormalities, or parental factors like the advanced age of couples requesting ART 
(Bukulmez 2009). Increased parental age is associated with a less optimal perinatal 
and neurocognitive condition and more dysmorphic features in children (Saha et al. 
2009, Salem Yaniv S. et  al. 2010). Another mediator of  the increased risk of  con-
genital abnormalities may be subfertility itself (Baird et al. 1999, Edwards and Lud-
wig 2003). The latter is suggested by the study of Ghazi et al., who reported higher 
rates of congenital abnormalities in a subgroup of couples who experienced a history 
of subfertility of at least four years (Ghazi et al. 1991). Zhu et al. found that the over-
all prevalence of  congenital abnormalities increases with increasing time to  preg-
nancy (TTP) (Zhu et al. 2006).

Most previously reported studies were unable to disentangle the contribution 
of assisted reproduction and that of the underlying subfertility on the risk of congen-
ital abnormalities. Furthermore, a methodological difficulty in this type of follow-up 
study is the low prevalence of congenital abnormalities, implying the need of large 
groups. The first problem, the confounding effect of subfertility, can be minimized 
by using a control group composed of subfertile couples. A solution to the second 
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problem, could be the use of minor anomalies that occur more often. Anomalies as 
such have limited clinical relevance, but they may nevertheless be regarded as indi-
cators of suboptimal development (Merks et al. 2006). For instance, it is known that 
a higher number of minor anomalies is associated with a higher chance of a major 
abnormality or malformation syndrome (Leppig et al. 1987), less favourable neuro-
developmental outcome (Largo et al. 1989) and with increased risk of cancer in chil-
dren (Merks et al. 2008).

The primary aim of this prospective assessor-blinded study was to examine 
the effects of ovarian hyperstimulation, the in vitro procedure and a combination 
of  these two factors on the prevalence of dysmorphic features (particularly minor 
anomalies) with a minimal confounding effect of subfertility. To this end, we com-
pared three groups:
1. Singletons conceived with IVF or ICSI with controlled ovarian hyperstimulation 

(COH-IVF/ICSI)
2. Singletons conceived with IVF or ICSI in the modified natural cycle (MNC-IVF/

ICSI)
3. Naturally conceived singletons born to subfertile couples (Sub-NC).
In COH-IVF/ICSI ovarian hyperstimulation induces the growth of multiple follicles. 
In MNC-IVF/ICSI no ovarian hyperstimulation is performed, so that the one fol-
licle that naturally develops to dominance is used (Rongieres-Bertrand et al. 1999). 
Therefore, comparison of COH-IVF/ICSI with MNC-IVF/ICSI children mainly re-
veals the effect of ovarian hyperstimulation. By comparing MNC-IVF/ICSI to Sub-
NC children, we assessed the effect of the in vitro procedure.

The secondary aim was to evaluate an effect of time to pregnancy (TTP), as 
a proxy for the severity of subfertility, on dysmorphic features. The notion that TTP 
reflects the severity of subfertility is based on the finding that TTP is an important 
predictor of the chance of pregnancy in subfertile couples (van der Steeg et al. 2007, 
van Loendersloot et al. 2010).

Methods

Recruitment

This study is part of the Groningen ART cohort study, a prospective assessor-blinded 
longitudinal study that focuses on developmental outcome of children born follow-
ing IVF and ICSI (Middelburg et al. 2009). Subfertile couples with an expected date 
of  delivery between March 2005 and December 2006 were recruited in  the third 
trimester of pregnancy at the department of Reproductive Medicine of the Univer-
sity Medical Center Groningen. The  singletons born to  the couples formed three 
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groups: COH-IVF/ICSI, MNC-IVF/ICSI and Sub-NC. Placement in one of the first 
two groups depended on the presence (COH-IVF/ICSI) or absence (MNC-IVF/
ICSI) of ovarian hyperstimulation prior to the in vitro procedure. Details on mini-
mal hormone application in MNC-IVF/ICSI have been described by Pelinck et al. 
(Pelinck et al. 2008). In both the COH-IVF/ICSI and the MNC-IVF/ICSI group, ICSI 
was applied in cases where the couple was facing severe male subfertility. All oocytes 
were cultured in human tubal fluid (HTF) medium (Lonza, Verviers, Belgium) and 
supplemented with 10% plasma solution (Sanquin, Amsterdam, The Netherlands). 
Couples with a pregnancy after treatment with cryopreserved or donated oocytes or 
embryos were excluded. The third group consisted of naturally conceived singletons 
born to  subfertile couples who tried to  conceive for at least one year and waited 
for fertility evaluation or treatment. We chose this control group as we assumed 
that parity, age and possibly other unknown factors of these subfertile couples more 
closely resemble the characteristics of couples requesting ART, than those of fertile 
couples in the general population.

Parents gave written informed consent for participation of their child in the 
study. The  study design was approved by the ethics committee of  the University 
Medical Center Groningen.

Examination

Two weeks after the expected date of delivery, at the first follow-up assessment on 
development, we collected details of the prenatal, perinatal and neonatal periods and 
parental characteristics on standardized charts in all three groups. Medical records 
provided information on IVF/ICSI treatment procedures, fertility diagnosis, and TTP 
in years. TTP was defined as the time between the active child wish of the couple and 
conception. In case of a miscarriage, TTP-onset started over and ended at conception 
of  the child in  the present study. Follow-up consisted of  standardized, age-specific 
neurological assessments at the ages of 2 weeks, 3, 4, 10, 18 and 24 months.

At the age of 2 years, we performed a detailed clinical examination of dys-
morphic features according to Merks (Merks et al. 2003, Merks et al. 2006). These 
assessments were carried out by PK or JCvH, pediatricians blinded to mode of con-
ception and trained in this particular type of clinical examination by an experienced 
dysmorphologist (JMC). The assessment consisted of a surface examination to de-
tect errors of morphogenesis and takes ethnicity into account (but note that the large 
majority of our study groups had a Caucasian background). Furthermore, weight, 
height and head circumference were measured. We did not perform examination 
of  internal organs and did not use any specific equipment. The  total examination 
took approximately 15 to 20 minutes. Additional information on abnormalities, e.g. 
abnormalities of internal organs, was obtained from the medical history of the child.
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We used the detailed definitions according to Merks, to classify the dysmor-
phic features in a systematic way (Merks et al. 2006). Merks validated 683 specific 
dysmorphic features as ‘abnormalities’ or ‘minor variants’, based on their presumed 
pathogenesis. Abnormalities include malformations, deformations, disruptions, dys-
plasia or other abnormalities that are secondary to abnormal morphogenesis or func-
tion of other structures. We distinguished two subcategories in Merks’ category ‘ab-
normalities’, i.e. clinically relevant abnormalities and clinically irrelevant ones (Figure 
1). Abnormalities were defined as clinically relevant in  case they affected normal 
functioning of the individual and/or required operative correction (examples: club 
foot, hypospadia) and as clinically irrelevant when they did not (examples: ear tags, 
hemangioma). Minor variants are deviations in phenogenesis, they are always clini-
cally irrelevant. Minor variants are further subdivided according to their prevalence 
into ‘minor anomalies’ with an expected prevalence of ≤ 4% in the normal population 
(examples: low-set ears, epicanthic fold) and ‘common variants’ with an expected 
prevalence of > 4% in the normal population (examples: sandal gap, strabismus). Fig-
ure 1 shows a schematic depiction of the classification system.

The primary outcome measure was the presence of at least one minor anom-
aly. The prevalence of each specific minor anomaly is ≤ 4% in the general population. 
As there are so many minor anomalies, the percentage of individuals having at least 
one minor anomaly is much higher. Secondary outcome measures were one or more 
abnormalities, one or more clinically relevant abnormalities, one or more clinically 
irrelevant abnormalities and one or more common variants.

Figure 1. Classification of the dysmorphic features according to Merks et al., 2003, including the ad-

ditional distinction between clinically relevant and irrelevant abnormalities (addition indicated by gray 

shading).

Clinically relevant 
 abnormality 

Impaires function or  
needs operative correction 

Common variant 
Prevalence > 4%  

Dysmorphic feature    

Abnormality 

Clinically irrelevant 
abnormality 

No impairment of function and  
no need of operative correction 

Minor anomaly 
Prevalence ≤ 4%  

Minor variant 
(always clinically irrelevant) 
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Statistical analysis

Before start of inclusion, power calculation of the Groningen ART cohort study was 
based on neurological outcome at 18 months (Middelburg et al. 2009). A post hoc 
power analysis on dysmorphic features indicated that 60 participants were needed 
in each group to detect a 25% difference in the prevalence of minor anomalies if the 
baseline rate is 50% (Merks et al. 2008), and a 15% difference in the prevalence of ab-
normalities if the baseline rate is 16% (β = 0.80; α = 0.05) (Merks et al. 2008). Parental, 
subfertility and perinatal characteristics were compared between the three groups 
using Mann-Whitney U-tests, Student’s t-tests, chi-square tests, and the Fisher’s ex-
act tests when applicable.

First, we reported all detected dysmorphic features in a descriptive table. Pos-
sible differences in the prevalence of any single dysmorphic feature were evaluated.

Second, univariate logistic regression was used to calculate the odds ratio for 
dysmorphic features associated with respectively the presence of ovarian hyperstim-
ulation, the in vitro procedure and a combination of these two.

Third, we performed multivariate logistic regression analysis to correct for 
known confounders from the literature: TTP, the use of ICSI, parental age at con-
ception, maternal smoking and alcohol consumption during pregnancy. In addition, 
variables for which groups differed at P < 0.05 were entered into the multivariate 
analysis. The  multivariate regression analyses were performed separately for each 
category of dysmorphic features.

Fourth, the effect of TTP on the five different categories of dysmorphic fea-
tures was analysed with multivariate logistic regression analysis. We corrected for 
mode of conception and parental age as these variables are closely related to TTP.

In all analyses, probability values < 0.05 were considered statistically signifi-
cant. Statistical analyses were performed using Statistical Package for Social Sciences 
(SPSS) 15.0 for Windows.

Results

Participation

In the prenatal inclusion period, 89 singletons born following COH-IVF/ICSI, 79 
born following MNC-IVF/ICSI, and 143 born following natural conception were 
invited to participate. After birth, respectively 68 (76%), 57 (72%) and 90 (63%) sin-
gletons were included. Comparison of  the characteristics between the participat-
ing and non-participating group revealed that only maternal age at conception was 
significantly lower in non-participating Sub-NC mothers compared to participating 
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Sub-NC mothers (p = 0.03; data not shown). Detailed morphological data at the age 
of 2 years were obtained from 66 (97% of children enrolled at birth) COH-IVF/ICSI 
singletons, 56 (98%) MNC-IVF/ICSI singletons and 86 (96%) Sub-NC singletons. 
Two COH-IVF/ICSI children and three Sub-NC children were non-participating 
due to logistical reasons. Of one Sub-NC child morphological data are missing, but 
participation in the Groningen ART cohort study continued. In the MNC-IVF/ICSI 
group one child died at the age of 3 weeks from a major atrioventricular septal de-
fect. This child was excluded from the analysis as data on our primary outcome were 
missing. In the evaluation of abnormalities and clinically relevant abnormalities we 
report results with and without the child.

Infant and parental characteristics

Table 1 shows the infant, subfertility, perinatal and parental characteristics of  the 
three groups. Birthweight and gestational age were significantly higher in the Sub-
NC group than the COH-IVF/ICSI group (p = 0.023; p = 0.013). Time to pregnancy 
in the Sub-NC group (median 2.1 years) was significantly shorter than in the COH-
IVF/ICSI and MNC-IVF/ICSI groups (median 4.0 years, p < 0.001; median 3.8 years, 
p = 0.003). Eight children in the COH-IVF/ICSI group were survivors of a vanishing 
twin compared with one in  the MNC-IVF/ICSI group (p = 0.038) and none in  the 
Sub-NC group (p = 0.001). Table 1 also shows that 42 (64%) couples of the COH-IVF/
ICSI group and 28 (50%) of the MNC-IVF/ICSI group underwent ICSI. Except for 
subfertility cause, background factors for children born to couples in whom ICSI was 
applied did not differ from those in whom ICSI was not applied.

Specific congenital anomalies

An overview of  the minor anomalies (our primary outcome parameter) and com-
mon variants is provided in Supplemental Table 1. Table 2 shows the rates of  the 
various specific clinically relevant and clinically irrelevant abnormalities, including 
those obtained from the medical history of the child. These tables indicate absence 
of associations between groups and any single dysmorphic feature.
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Table 1. Infant, subfertility, perinatal and parental characteristics. 

Characteristic

COH-IVF/
ICSI

(n = 66)

MNC-IVF/
ICSI

(n = 56)
Sub-NC
(n = 86) P-value

Male gender; n (%) 36 (55) 27 (48) 44 (51) 0.785
Caucasian race, n (%) 62 (94) 55 (98) 79 (92) 0.283
Fertility parameters
     ICSI, n (%) 42 (64) 28 (50) Na 0.145
     Time to pregnancy in years, median (range) 4.0 (0–13) 3.8 (0–13) 2.1 (0–11)b <0.001
     Primary subfertility, n (%) 35 (53) 33 (59) 45 (52) 0.735
Gestational characteristics
     Primiparity, n (%) 45 (68) 38 (68) 53 (62) 0.641
     Smoking during pregnancy, n (%) 7 (11) 7 (13) 9 (11) 0.923
     Use of alcohol during pregnancy, n (%) 3 (5) 0 2 (2) 0.381
     Use of medication during pregnancy, n (%) 23 (35) 18 (32) 25 (29) 0.743
     Use of folic acid during pregnancy, n (%) 59 (94)b 55 (98) 76 (88) 0.089
     Vanishing twins, n (%) 8 (12) 1 (2) 0 <0.001
     Pregnancy-induced hypertension, n (%) 7 (11) 3 (5) 15 (17) 0.089
     Gestational diabetes, n (%) 0 1 (2) 2 (2) 0.622
Birth characteristics
     Gestational age (week), median (range) 39.4 (33–42) 40.1 (35–43) 40.0 (30–43) 0.045
     Preterm birth (<37 weeks), n (%) 7 (11) 6 (11) 7 (8) 0.871
     Birthweight (g), median (range) 3395 (1980–4700) 3405 (2170–4680) 3623 (3560–1150) 0.049
     Low birthweight (<2500 g), n (%) 3 (5) 4 (7) 5 (6) 0.870
Parental characteristics
     Maternal age at conception, median (range)                32.9 (26–41) 32.8 (25–38) 33.4 (22–40) 0.285
     Paternal age at conception, median (range)               35.7 (28–56)b 34.3 (28–48)b 35.4 (26–53) 0.098
     Education level mother higha, n (%) 22 (33) 21 (38) 40 (47) 0.247
     Education level father higha, n (%) 29 (46)b 18 (32) 32 (37) 0.328

COH-IVF/ICSI: children born following controlled ovarian hyperstimulation-IVF/ICSI; MNC-IVF/
ICSI: children born following modified natural cycle-IVF/ICSI ; Sub-NC: naturally conceived controls 
born to subfertile parents.
Note: Values are number (percentage) or median (range).
Fisher’s exact test and Kruskal-Wallis Test were used for the evaluation of differences between the three groups.
Statistically significant differences are marked in bold. Post hoc analyses indicated that COH-IVF/ICSI 
differed from Sub-NC in birthweight (p = 0.023), gestational age (p = 0.013), TTP (p < 0.001) and vanish-
ing twins (p = 0.001); MNC-IVF/ICSI from Sub-NC in TTP (p = 0.003) and vanishing twins (p = 0.038)  
aUniversity education or vocational colleges.
bMissing values: use of  folic acid during pregnancy COH-IVF/ICSI n = 3; education level father high 
COH-IVF/ICSI n = 3 (note that missing values have been taken into account in the percentages); pater-
nal age at conception COH-IVF/ICSI n = 2, MNC-IVF/ICSI = 2; time to pregnancy in years Sub-NC = 1.
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Table 2. Prevalences of abnormalities.

COH-IVF/ICSI
(n = 66)

MNC-IVF/ICSI
(n = 56)

Sub-NC
(n = 86)

Clinically relevant abnormalities N (%) N (%) N (%)

Inguinal hernia 2 (3) 1 (2) 1 (1)

Umbilical hernia                 0 1 (2) 1 (1)

Perianal fistula*                1 (2) 0 0

Hypospadia 1 (2) 0 1 (1)

Cryptorchid testes 1 (2) 0 0

Hip dislocation* 2 (3) 0 1 (1)

Fibula a/hypoplasia spectrum 0 0 1 (1)

Club foot 1 (2) 0 1 (1)

Tracheobronchomalacia* 0 0 1 (1)

Pulmonary artery stenosis* 1 (2) 0 0

Solitary kidney*                   0 0 1 (1)

Persistently open ductus arteriosis* 0 0 1 (1)

Syndrome: Klinefelter* 1 (2) 0 0

Clinically irrelevant abnormalities

Short stature 1 (2) 0 0

Absent eyebrows 0 0 1 (1)

Dental enamel dysplasia 1 (2) 0 0

Cup-shaped ears 0 0 1 (1)

Unilateral ear tags 1 (2) 1 (2) 0

Webbing of neck 0 0 1 (1)

Umbilical hernia 3 (5) 0 0

Scoliosis 0 0 1 (1)

Muscle hypertrophy 0 0 1 (1)

Multiple café au lait spots 1 (2) 0 0

Hemangioma 2 (3) 3 (5) 2 (2)

* Abnormalities detected on the basis of the child’s medical history and not on the basis of the Merks’ assessment.
A clinical geneticist and dysmorphologist labelled abnormalities as being clinically relevant or not. An um-
bilical hernia can be either clinically relevant or clinically irrelevant, depending on the need of operative cor-
rection. One hypospadia was mild (COH-IVF/ICSI) and one hypospadia was severe (Sub-NC), both were 
corrected surgically. Scoliosis and muscle hypertrophy in the present cases were considered as clinically irrele-
vant. However, major forms of scoliosis and muscle hypertrophy met in clinical practise are clinically relevant.
Short stature is defined as length more than 2.5 standard deviations below the mean for age and gender.
Note: two children in the COH-IVF/ICSI group had multiple abnormalities, therefore the sum of the indi-
vidual defects is dissimilar to the overall prevalence in this group.
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Overall rates

Prevalences for each category of dysmorphic features are shown in Table 3. None 
of  the prevalence rates differed significantly between the groups (Table 4). In the 
COH-IVF/ICSI, MNC-IVF/ICSI and Sub-NC groups, two or more minor anomalies 
were detected in respectively 17%, 20% and 21% of children and three or more minor 
anomalies in 11%, 7% and 12%. Multiple common variants were detected in respec-
tively 5%, 2% and 5% of the children. The associations between ovarian hyperstimu-
lation, the in vitro procedure and a combination of these two with the various cat-
egories of dysmorphic features remained statistically insignificant after adjusting for 
confounders known from the literature, i.e. TTP, the use of ICSI, maternal and pater-
nal age at conception, maternal smoking and alcohol consumption during pregnancy 
(Table 4). In addition, we evaluated the effect of variables that differed between our 
groups with P < 0.05, i.e. gestational age in weeks, birthweight and vanishing twin 
syndrome. These confounders did not materially change the outcomes; therefore 
they were not included in the final analysis. No statistically significant associations 
were found between ICSI and any of the outcome measures.

Table 3. Prevalences for all five categories of dysmorphic features. 

COH-IVF/ICSI
(n = 66)

MNC-IVF/ICSI
(n = 56)

Sub-NC
(n = 86)

Abnormalities 14 (21%) 6 (11%) 14 (16%)

 - Clinically relevant abnormalities 7 (11%) 2 (4%) 9 (10%)

 - Clinically irrelevant abnormalities 8 (12%) 4 (7%) 7 (8%)

Minor anomalies 33 (50%) 30 (54%) 46 (53%)

Common variants 18 (27%) 13 (23%) 19 (22%)

1) One MNC-IVF/ICSI child died at the age of 3 weeks from a major atrioventricular septal defect. As 
no detailed information on our primary outcome measure - minor anomalies - could be obtained, we 
chose to exclude this child from our analysis. Inclusion of this child in the results would increase the 
prevalence of abnormalities to 13% and that of clinically relevant abnormalities to 5%. These preva-
lences did not differ from that in the other two groups.
2) Three children (COH-IVF/ICSI n = 1; Sub-NC n = 2) had a clinically relevant abnormality and a clin-
ically irrelevant abnormality.
3) A single minor anomaly occurs in less than 4% of the general population, but around 50% of children 
have at least one of the many minor anomalies that may be present.
4) The heterogeneity in minor anomalies is larger than that in common variants, which explains that 
the number of children with one or more common variant is lower than the number of children with 
one or more minor anomaly.
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Table 4. Logistic regression analyses of the contribution of the in vitro procedure, ovarian 
hyperstimulation and a combination of these two, to the presence of dysmorphic features.

≥ 1 Abnormalities

Covariate Reference cOR (95% CI) aOR (95% CI) Represent the effect of:

MNC-IVF/ICSI Sub-NC 0.62 (0.22–1.72) 0.64 (0.22–1.87) In vitro procedure

COH-IVF/ICSI MNC-IVF/ICSI 2.24 (0.80–6.30) 2.74 (0.89–8.47) Ovarian 
hyperstimulation

COH-IVF/ICSI Sub-NC 1.39 (0.61–3.15) 1.08 (0.45–2.61) Combination

≥ 1 Clinically relevant abnormalities

Covariate Reference cOR (95% CI) aOR (95% CI) Represent the effect of:

MNC-IVF/ICSI Sub-NC 0.32 (0.07–1.53) 0.27 (0.05–1.36) In vitro procedure

COH-IVF/ICSI MNC-IVF/ICSI 3.20 (0.64–16.09) 2.97 (0.49–18.21) Ovarian 
hyperstimulation

COH-IVF/ICSI Sub-NC 1.02 (0.36–2.88) 0.79 (0.26–2.44) Combination

≥ 1 Clinically irrelevant abnormalities

Covariate Reference cOR (95% CI) aOR (95% CI) Represent the effect of:

MNC-IVF/ICSI Sub-NC 0.87 (0.24–3.11) 1.04 (0.27–4.07) In vitro procedure

COH-IVF/ICSI MNC-IVF/ICSI 1.79 (0.51–6.30) 2.60 (0.67–10.08) Ovarian 
hyperstimulation

COH-IVF/ICSI Sub-NC 1.56 (0.53–4.54) 1.33 (0.43–4.11) Combination

≥ 1 Minor anomalies

Covariate Reference cOR (95% CI) aOR (95% CI) Represent the effect of:

MNC-IVF/ICSI Sub-NC 1.00 (0.51–1.97) 0.80 (0.39–1.65) In vitro procedure

COH-IVF/ICSI MNC-IVF/ICSI 0.87 (0.43–1.77) 1.13 (0.52–2.47) Ovarian 
hyperstimulation

COH-IVF/ICSI Sub-NC 0.87 (0.46–1.65) 0.86 (0.43–1.72) Combination

≥ 1 Common variants

Covariate Reference cOR (95% CI) aOR (95% CI) Represent the effect of:

MNC-IVF/ICSI Sub-NC 1.07 (0.48–2.38) 1.04 (0.45–2.40) In vitro procedure

COH-IVF/ICSI MNC-IVF/ICSI 1.24 (0.54–2.83) 1.02 (0.41–2.51) Ovarian 
hyperstimulation

COH-IVF/ICSI Sub-NC 1.32 (0.63–2.78) 1.36 (0.62–2.98) Combination

Corrected for known confounders: time to pregnancy, IVF or ICSI, maternal and paternal age at con-
ception, maternal smoking and alcohol consumption during pregnancy.
Additional adjustment for variables for which groups differed at P < 0.05 (gestational age in weeks, 
birthweight and vanishing twin syndrome) did not materially change the outcomes and were not in-
cluded in the final analysis.
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Time to pregnancy

We had a specific interest in the association between TTP, which we used as a proxy 
for the severity of subfertility, and our outcome measures. The absence of differences 
in dysmorphic features between the three groups allowed us to pool the study groups 
(COH-IVF/ISCI, n = 66 + MNC-IVF/ICSI, n = 56 + Sub-NC, n = 86) to form one sub-
fertile group (Subfertile group, n = 208). Pooling of  the groups has the advantage 
of increasing the power to detect an association between TTP and dysmorphic fea-
tures. Logistic regression analyses, which included adjustment for mode of concep-
tion (COH-IVF/ICSI, MNC-IVF/ICSI, Sub-NC and IVF or ICSI) and parental age at 
conception, indicated that an increase in TTP in years was associated with a higher 
chance of the presence of one or more abnormalities and one or more clinically rel-
evant abnormalities (Table 5).

Table 5. Logistic regression analyses of  the contribution of  time to  pregnancy in  years 
to the presence of dysmorphic features.

Crude OR (95% CI) Adjusted OR (95% CI)*

No abnormality vs.
≥ 1 abnormalities 1.17 (1.01–1.36) 1.20 (1.02–1.40)

Subgroups of abnormalities

No clinically relevant abnormality vs.
≥ 1 clinically relevant abnormalities 1.19 (0.99–1.43) 1.22 (1.01–1.48)

No clinically relevant abnormality vs.
≥ 1 clinically irrelevant abnormalities 1.14 (0.94–1.37) 1.16 (0.95–1.41)

No minor anomaly vs.
≥ 1 minor anomalies 1.01 (0.89–1.14) 1.02 (0.90–1.16)

No common variant vs.
≥ 1 common variants 1.07 (0.93–1.22) 1.06 (0.92–1.23)

*Adjusted for mode of conception (COH-IVF/ICSI, MNC-IVF/ICSI, Sub-NC and IVF or ICSI), mater-
nal age at conception and paternal age at conception. Bold: significant associations.
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Discussion

The present study suggests that ovarian hyperstimulation and the in vitro procedure 
itself are not associated with an increased risk of dysmorphic features, in particu-
lar minor anomalies. However, an increasing time to pregnancy is associated with 
a higher risk of abnormalities and clinically relevant abnormalities.

It is known from literature that IVF and ICSI are associated with an increased 
risk of  abnormalities (Hansen et  al. 2005, Olson et  al. 2005, Rimm et  al. 2004). 
The  absence of  an association between IVF/ICSI and dysmorphic features in  the 
present study may be due to the nature of our control group. We used a subfertile 
control group instead of a group of naturally conceived children from the general 
population. Therefore the potential confounding effect of  a  history of  subfertility 
could be minimized and overestimation of  the effect of  IVF/ICSI on dysmorphic 
features was prevented. This is important as our findings suggest that subfertility 
indeed may play a role, as increased TTP – reflecting more severe subfertility – was 
associated with an increased risk of abnormalities, in particular clinically relevant 
abnormalities. The latter finding corresponds to those of Zhu et al. (Zhu et al. 2006). 
Kallen et al. found that their observed increased risk of abnormalities in IVF chil-
dren disappeared nearly completely after correction for TTP (Kallen et al. 2005a). 
More recently, Davies et al. demonstrated that a history of subfertility, either with or 
without assisted conception, is significantly associated with abnormalities (Davies 
et  al. 2012b). In addition, it  has been reported that subfertility is associated with 
more obstetrical complications and poorer perinatal outcome (Draper et al. 1999, 
Jaques et al. 2010, Raatikainen et al. 2010). It is important to realize that in studies 
on the effect of subfertility on abnormalities parental age is an important confound-
er. Increased parental age is associated with both subfertility and with higher rates 
of dysmorphic features. In our study groups mean maternal and paternal age at child 
birth was higher than that of parents in the general Dutch population in 2007 (our 
groups: mothers 33.5, fathers 36.7 years; general population: mothers 31.1, fathers 
34.1 years) (Statistics Netherlands 2012). Nevertheless, the association between TTP 
and abnormalities remained statistically significant when parental age was taken into 
account. Further exploring the association between subfertility and health outcome 
is necessary for correct counselling of subfertile couples and may include extended 
prenatal screening and could help to provide customized obstetrical care (Thomson 
et al. 2005, Zhu et al. 2006).
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Strengths and limitations

The major strength of  the study is the composition of  the study groups which al-
lows for disentanglement between two different aspects of IVF/ICSI: ovarian hyper-
stimulation and the in vitro procedure. In addition, our control group is composed 
of children born to subfertile couples, which prevented overestimation of an effect 
of these two IVF/ICSI related aspects. The prospective, longitudinal assessor-blind-
ed study design is another strength, but several aspects need to be discussed. We 
recruited couples during the third trimester of pregnancy. This reduced the chance 
of selection bias based on the child’s health. However, recruitment at an earlier stage 
of pregnancy would have been better as this would have allowed for the evaluation 
of fetuses that were aborted or stillborn as a consequence of a clinically relevant ab-
normality before the third trimester of pregnancy (Katalinic et al. 2004). This means 
that recruitment during the third trimester may have resulted in underreporting. On 
the other hand, our longitudinal study design improved reporting rates as it allowed 
us to obtain information on abnormalities and operative surgery at each assessment 
at the ages of 2 weeks, 3, 4, 10, 18 and 24 months. This means that our information 
is more reliable than that in studies in which information was obtained in the first 
months after birth only (Marazita et al. 1992). A final strength was that our study was 
characterized by minimal postnatal attrition.

A limitation of our study is its moderate power, illustrated by the broad con-
fidence intervals. Another limitation of our study was the absence of a fertile control 
group as it would have provided better insight in the association between subfertility 
and dysmorphic features than the use of TTP alone to evaluate this association. In 
literature no data are available on the prevalence of minor anomalies in the general 
population of 2-year-olds. Merks et al. reported on prevalence values of dysmorphic 
features in 11-year-old children in the general Caucasian population: abnormalities 
were present in 16% and minor anomalies in 56% of the children (Merks et al. 2006, 
Merks et al. 2008). When we pool our three groups with mainly Caucasian partici-
pants, similar prevalences are found, i.e. abnormalities in 16% and minor anomalies 
in 52% of children. The absence of a fertile control group did not preclude the pos-
sibility to answer our primary research questions: what is the effect of ovarian hyper-
stimulation, the in vitro procedure and a combination of these two on the prevalence 
of minor anomalies? Another facet that should be noted is that both IVF and ICSI 
children are included in the present study. At present, it is still controversial whether 
IVF and ICSI have the same risk for dysmorphic features in offspring (Davies et al. 
2012b). We therefore corrected for the use of  ICSI in  the multivariate analyses. It 
should also be acknowledged that IVF/ICSI more often results in the birth of twins, 
and that therefore the results of the present study on singleton births are not to be 
generalized to all IVF/ICSI children. Additionally, it needs to be mentioned that sur-
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vivors of a vanished co-twin were included as singletons in the present study. Pinborg 
et al. demonstrated that IVF singletons with a vanished co-twin had a higher risk 
of being small-for-gestational age (Pinborg et al. 2007). However, correction for van-
ishing twins in the multivariate analysis and exclusion of vanishing twins from the 
analyses did not alter our results (data not shown). Finally, it is debated whether it is 
possible to blind assessors to mode of conception, as factors such as a child’s single-
ton status, parental age and parental behaviour could provide clues about the mode 
of conception (Ludwig et al. 2009b). In the present study the likelihood that asses-
sors could guess mode of conception was reduced because the number of firstborn 
children was similar between the groups and all parents had experienced subfertility.

In conclusion, the results of the present study suggest that technical and/or 
hormonal manipulations in  IVF/ICSI are not associated with an increased preva-
lence of dysmorphic features; in particular we found no increased prevalence of mi-
nor anomalies. Our data suggest that rather factors associated with subfertility play 
a role in the genesis of dysmorphic features as increased TTP is related to abnormali-
ties and clinically relevant abnormalities. Considering the moderate power of our 
study to  detect group differences we suggest replication of  the study with larger 
groups and inclusion of a fertile control group to more accurately evaluate the effect 
of subfertility.
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Supplemental Table 1. Prevalences of minor variants (deviations in phenogenesis).

COH-IVF/ICSI
(n = 66)

MNC-IVF/ICSI
(n = 56)

Sub-NC
(n = 86)

Minor anomalies N N N

Truncal obesity 1 0 0

Generalized obesity 1 0 1

Thin/slender build 1 3 0

Muscular build 0 0 2

Tall stature (proportionate) 1 2 3

Macrocephaly 2 1 0

Plagiocephaly 3 2 4

Fine hair structure 0 0 2

Asymmetry face 2 0 0

Round shaped face 1 0 1

Full cheeks 0 0 2

Broad lower 1/3 part of the face 0 0 1

Prominent forehead 2 0 1

Short forehead 1 0 0

Wide palpebral fissures 0 0 1

Mongoloid slant of palpebral fissures 0 0 1

Antimongoloid slant of palpebral fissures 0 2 0

Almond-shaped palpebral fissures 3 0 1

Epicanthic fold 1 2 2

Infra-orbital skin folds 1 0 0

Hypotelorism 1 1 5

Flat nose 0 0 2

Broad nose 0 0 1

Flat nosebridge 6 11 11

Wide nosebridge 7 4 7

Pointed chin 1 0 0

Microstomia 1 0 0

Ankyloglossia 0 0 1

Small ears 1 0 0

Large ears 0 1 1

Asymmetric ears 0 0 1

Low-set ears 2 2 2

Posteriorly rotated ears 1 0 0

Prominent ears 1 0 1
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COH-IVF/ICSI
(n = 66)

MNC-IVF/ICSI
(n = 56)

Sub-NC
(n = 86)

Abnormally modeled ear helices 0 1 0

Horizontal upper ridge ear helices 1 0 0

Pectus excavatum 0 1 0

Broad hands 1 1 0

Long fingers 1 3 1

Short fingers 2 0 1

Clinodactyly of finger(s) 2 1 5

Radial deviation finger IV-V 0 0 1

Genu varum 0 0 1

Genu valgum 0 0 1

Short feet 0 1 0

Broad feet 1 1 0

Flat feet 0 1 1

Long toes 1 2 2

Short toes 3 0 0

Partial syndactyly of the II-III toes 0 1 4

Long halluces 0 0 1

Hypermobility large joints 0 0 1

Skin dimples 1 0 1

Hypopigmentation patches 1 2 0

Hyperpigmentation patches 0 0 1

Brittle nails 0 1 0

Common variants N N N

Strabismus 7 6 11

Ptosis 1 0 0

Prominent/high nosebridge 1 1 1

Full/thick upper lip 0 0 1

Full/thick lower lip 1 0 1

High/narrow palate 2 1 0

Inverted nipples 1 0 0

Broad fingers 1 0 0

Sandal gap between toes 0 1 0

Overriding of toes 1 0 0

Clinodactyly of toes 2 4 5

Dry skin 0 0 1

Solitary cafe au lait 3 1 3

Solitary naevus (>0,5 cm) 2 0 1






