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Part 5 — Aetiological Pathways of Neurodevelopment

Abstract

Aim: The aim of this study was to assess the associations between dysmorphic fea-
tures and neurological, mental, psychomotor, and behavioural development in order 
to  improve our understanding of  aetiological pathways leading to minor develop-
mental problems.
Method: In our cross-sectional study, 272 generally healthy 2-year-olds (143 males, 
129 females; median gestational age 39 weeks (range 30-43)), born after a parental 
history of subfertility either with or without fertility treatment, were examined. Dys-
morphic features were classified as abnormalities (clinically relevant or not), minor 
anomalies, or common variants according to Merks’ classification system. Hempel’s 
neurological assessment resulted in a neurological optimality score (NOS) and flu-
ency score. Mental and psychomotor development were assessed with the Dutch 
version of  the Bayley Scales of  Infant Development and behavioural development 
with the Achenbach Child Behaviour Checklist.
Results: Of the different types of dysmorphic feature, clinically relevant abnormali-
ties were most strongly associated with a lower NOS (difference: -2.53, 95% confi-
dence interval (CI): -4.23 ; -0.83) and fluency score (difference: -0.62, 95% CI: -1.1 ; 
-0.15). The presence of one or more abnormalities (clinically relevant or not) or one 
or more common variant was significantly associated with a  lower NOS, and the 
presence of three or more minor anomalies was associated with lower fluency scores. 
Dysmorphic features were not associated with mental, psychomotor, or behavioural 
development.
Interpretation: As dysmorphic features originate during the first trimester of preg-
nancy, the association between dysmorphic features and minor alterations in neurode-
velopment may suggest an early ontogenetic origin of subtle neurological deviations.
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Introduction

The term ‘dysmorphic features’ refers to  a  broad spectrum of  defects in  physical 
structures. Such features originate in the first trimester of pregnancy, and their gene-
sis is correlated with genetic susceptibility and environmental conditions during crit-
ical time windows (Dolk 2004). Dysmorphic features not only are found in children 
with well-defined clinical syndromes, but also often occur in the general population 
(Merks et  al. 2006). They are related to  an increased incidence of  cancer (Merks 
et al. 2008), diabetes mellitus (Mehes et al. 1985), autism (Miles and Hillman 2000), 
and schizophrenia (Sivkov and Akabaliev 2003). These associations indicate that dys-
morphic features may be used as indicators of abnormal embryonic differentiation 
(Merks et al. 2006).

Many known genetic syndromes present with both dysmorphic features and 
neurodevelopmental problems, such as the 22q11.2 deletion syndrome and Noonan 
syndrome. In addition, there are some clues suggesting an association between dysmor-
phic features and minimal developmental problems, such as minor neurological dys-
function (MND), in children without clinical syndromes (Soorani-Lunsing et al. 1993). 
However, the details of this relationship in generally healthy children are not known. 
Comprehensive evaluation of this association could improve our understanding of ae-
tiological pathways leading to developmental problems. This is of particular interest, 
as recent literature suggests that the prevalence of developmental disorders, such as 
attention-deficit-hyperactivity disorder and autism, has increased (Mandell et al. 2005).

An association between dysmorphic features and less optimal neurological, 
mental, psychomotor and/or behavioural development would suggest an early onto-
genetic origin of impairment in these developmental areas. In other words, the asso-
ciation may imply that disturbances that cause dysmorphic features simultaneously 
alter the development of the nervous system.

Our aim was to explore associations between dysmorphic features and sub-
tle alterations in neurological, mental, psychomotor, and behavioural development, 
in order to improve understanding of the aetiological pathways leading to minor de-
velopmental problems. To this end, we used data collected on 2-year-old participants 
of The Groningen Assisted Reproductive Techniques (ART) cohort study and the 
Preimplantation Genetic Screening (PGS) follow-up study.

Our hypothesis that dysmorphic features and child development share 
a common causal pathway meant that we expected major forms of dysmorphic fea-
tures, so-called abnormalities, to  show a  stronger association with developmental 
problems than minor forms of dysmorphic features, so-called minor anomalies. Mi-
nor anomalies are not of clinical relevance, but they do indicate altered embryonic 
development (Merks et al. 2003). We expected to find a weak association between 
single minor anomalies and developmental outcome, an association that becomes 
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stronger as the number of  minor anomalies increases. In particular, the presence 
of  at least three minor anomalies was expected to  be associated with suboptimal 
child development (Largo et al. 1989). We used three instruments to determine child 
development: (1) the Hempel neurological assessment, which is an age-specific and 
sensitive technique to evaluate minor neurological dysfunction (Hempel 1993b), (2) 
the Bayley Scales of Infant Development (BSID-II) to assess mental and psychomo-
tor development (Van der Meulen et al. 2004), and (3) the Child Behaviour Checklist 
(CBCL) to assess behaviour (Achenbach and Rescorla 2000). We hypothesized that 
dysmorphic features would, in particular, be associated with the neurological opti-
mality score (NOS), which summarizes the Hempel assessment. The rationale for 
this hypothesis was twofold: (1) it has been demonstrated that the NOS is a more 
sensitive measure of subtle brain dysfunction than the BSID-II-NL (Bouwstra et al. 
2006), and (2) expressions of neural function are the result of continuous interaction 
between endowment and environment, but the weight of both components varies 
for neurology, cognition, and behaviour. Behaviour is strongly affected by the envi-
ronment and is therefore expected to show a weaker association with dysmorphic 
features than neurology (Hadders-Algra and Touwen 1992). Hence, the NOS was 
chosen as our primary outcome measure.

Method

Participants

The study participants comprised 272 2-year-olds (143 male, 129 female); 228 were 
singletons and 44 children were one of  a  twin pair. Most children (n = 241) were 
participants of the Groningen ART cohort, a prospective, assessor-blinded, follow-
up study that monitors child development after ART. They were recruited between 
March 2005 and December 2006 at the Department of  Reproductive Medicine 
of the University Medical Center Groningen (UMCG). Children were born following 
in vitro fertilization (IVF) with or without ovarian hyperstimulation, or to subfer-
tile couples who conceived naturally while they were on the waiting list for fertility 
evaluation or treatment. Previously we have reported that mode of conception does 
not influence the prevalence of dysmorphic features, neurodevelopment, mental de-
velopment, or behaviour in 2-year-old singletons (Jongbloed-Pereboom et al. 2011, 
Schendelaar et al. 2011, Seggers et al. 2012). The Groningen ART cohort had an attri-
tion rate of 3% at the follow-up assessment at 2 years. In addition to the 241 children 
from the Groningen ART-cohort, 31 children participating in  the PGS Follow-Up 
Study were included. The latter is a follow-up study of a randomized controlled trial 
on the efficacy of PGS on ongoing pregnancy rates. Only children from the com-
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parison group, that is born following conventional IVF without PGS recruited at the 
UMCG, were included in the present study, because we have noted a subtle negative 
influence of PGS on neurodevelopmental outcome (Middelburg et al. 2011). The at-
trition rate of the UMCG part of the PGS Follow-Up Study was 0%. The follow-up 
protocol and assessments of  the two studies (ART and PGS) were identical. Both 
study groups comprise generally healthy 2-year-olds whose developmental outcome 
has been documented in detail. As the presence of dysmorphic features and devel-
opmental outcome was similar in the original study groups, we pooled the groups 
to  form one study population. The  larger group size allowed for a comprehensive 
evaluation of  associations between dysmorphic features and child development. 
Parents gave written informed consent for their child to  participate in  the study. 
The ART and PGS studies were approved by the UMCG’s ethics committee.

Examination

Two weeks after birth, details of the prenatal, perinatal, and neonatal periods, paren-
tal characteristics, and socio-economic conditions were collected. Around the time 
of their second birthday, children were examined at the Institute of Developmental 
Neurology, UMCG.

Assessment of dysmorphic features

We performed a  detailed surface examination directed at 683 specific dysmorphic 
features, in  accordance with Merks et  al. (Merks et  al. 2003, Merks et  al. 2006). 
The  assessments were carried out by one of  the two paediatricians who had been 
trained in this type of clinical examination by an experienced dysmorphologist. If the 
paediatricians faced difficulties in scoring the dysmorphic features, the same experi-
enced dysmorphologist was consulted. Photographs were taken of all dysmorphic fea-
tures in order to aid this consultation. Weight, height, and head circumference were 
also measured. Examination of  internal organs was not performed and no specific 
equipment was used. The total examination took approximately 15 to 20 minutes. Ad-
ditional information on abnormalities, for example of internal organs, was obtained 
from the child’s medical history (Seggers et al. 2012). Dysmorphic features were clas-
sified as ‘abnormalities’ or ‘minor variants’. Abnormalities include malformations, de-
formations, disruptions, dysplasia, or other abnormalities that are secondary to ab-
normal morphogenesis or the function of other structures. Both clinically relevant 
abnormalities and clinically irrelevant abnormalities are included under the term. Ab-
normalities were labelled ‘clinically relevant’ when they affected the individual’s nor-
mal functioning and/or required surgical correction, and ‘clinically irrelevant’ when 
they did not. Minor variants are deviations in phenogenesis and are, by definition, 
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clinically irrelevant. Minor variants were subdivided into ‘minor anomalies’ and ‘com-
mon variants’, depending on their prevalence rate in the normal population (respec-
tively ≤ 4% and > 4%). An example of a clinically relevant abnormality is a club foot, 
an example of an clinically irrelevant abnormality is an ear tag, an example of a minor 
anomaly is low-set ears, and of a common variant a sandal gap. Minor anomalies and 
common variants can be age dependent or age independent. In this study, only age 
independent minor anomalies and common variants are reported.

Assessment of neurological condition

We determined neurological development using the Hempel examination, a standard-
ized neurological examination designed to  assess MND at preschool age (Hempel 
1993b), and the NOS, which summarizes neurological condition in a quantitative way.

In the Hempel examination, the following domains are scored as normal or 
deviant: fine motor function, gross motor function, posture and muscle tone, re-
flexes, and visuomotor function (Hadders-Algra et al. 2004). Children were classified 
as neurologically normal, simple MND, complex MND, or neurologically abnormal. 
Neurologically normal implies the absence of deviant domains or the isolated pres-
ence of deviant reflexes. Simple MND denotes the presence of one deviant domain; 
however, the isolated presence of  deviances in  the domain reflexes is not consid-
ered to reflect simple MND. Simple MND is regarded as a non-optimal, but normal, 
form of  brain function (Hadders-Algra 2002). Complex MND indicates the pres-
ence of multiple deviant domains and has clinical relevance, as it is associated with 
learning and behavioural disorders (Hadders-Algra 2005). Neurologically abnormal 
implies a neurological syndrome, such as cerebral palsy.

Our primary outcome was the NOS. The items of the neurological examination 
have a predefined optimal range, and summing the items scored within the optimal 
range yields the NOS (range 0–58, with higher scores representing better performance). 
Critical to the NOS is the concept of optimality: the range for optimal neurological per-
formance is narrower than that for typical behaviour. The NOS is therefore able to eval-
uate subtle differences in neurological outcome. In addition, we determined the flu-
ency score (range 0–13), a subscore of the NOS which evaluates fluency of movements. 
The Hempel examination has a satisfactory inter-observer reliability (mean kappa 0.93; 
range 0.62–1.00) and a good construct validity (Hadders-Algra 2005).

Assessment of mental and motor development

We assessed mental and motor development with the Dutch version of the BSID-II 
(BSID-II-NL) (Van der Meulen et al. 2004), designed for testing children between 1 
and 42 months of age. Mental development is expressed in the mental developmen-
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tal index (MDI) and motor development in the psychomotor developmental index 
(PDI). The MDI and PDI have a mean value of 100 and a standard deviation of 15.0. 
Reliability and validity of the BSID-II-NL are satisfactory (Ruiter et al. 2008).

Assessment of child behaviour

We evaluated child behaviour with the Achenbach CBCL for children aged 1 year 
and 6 months to 5 years (Achenbach and Rescorla 2000). The CBCL consists of 100 
items concerning emotional and behavioural problems, which are scored by par-
ents on a three-point scale based on the preceding 2 months: not true for my child, 
somewhat true, and very true. CBCL forms were analysed using Assessment Data 
Manager version 3.20. A total problem score (TPS) is calculated, and a subdivision 
into internalizing problem score (IPS: emotionally reactive, anxious or depressed, so-
matic complaints, and withdrawn) and externalizing problem score (EPS: attention 
problems and aggressive behaviour) is made. Good reliability and validity have been 
reported for the CBCL (Achenbach and Rescorla 2000).

Statistical analysis

Our study was designed to study the effects of ART on child development and of PGS 
on ongoing pregnancies. It was not designed to study the relationships between dys-
morphic features and developmental outcome. Power calculation of the Groningen 
ART Cohort Study was based on neurological outcome at 18 months. Power cal-
culation of the PGS Follow-Up Study was based on the number of women needed 
to detect an increase in ongoing pregnancy rates. Therefore, we performed a post hoc 
power analysis to evaluate whether our study groups are sufficiently large to study 
the relationships between dysmorphic features and developmental outcome. A two-
sided, two-sample, t-test power analysis indicated that a difference between children 
with and without abnormalities as small as 1.9 points on the NOS could be detected 
(with a power of 0.80 and an alpha of 0.05, knowing that abnormalities occur in 16% 
of the general population (Merks et al. 2006), and that the mean value of the NOS 
is 48 with a standard deviation of 4). This indicates that relevant differences can be 
detected with the current sample size.

We first determined an overview of background characteristics and developmen-
tal status using descriptive statistics. Second, linear mixed-effects models and general-
ized estimating equations were used to report averages with their 95% confidence in-
tervals (95% CIs) or percentages with their 95% CIs and to examine whether differences 
between groups of children with or without different types of dysmorphic features are 
present. In the linear mixed-effects models and generalized estimating equations, both 
members of a twin pair were analysed, but in order to model the possible correlation be-
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tween twins we used the mother of the children as a cluster variable. For numerical out-
comes (NOS, fluency, PDI, MDI, TPS, IPS, EPS) a linear mixed-effects model was used. 
For binary outcomes (complex MND, simple MND) generalized estimating equations 
were performed. The type III t-test was used to provide p-values. Using this approach we 
also evaluated whether an increasing number of minor anomalies in one individual was 
associated with their development. As the number of children with three, four, or five 
minor anomalies was small, we pooled the children with three or more minor anomalies 
to form one group for this analysis. Furthermore, we explored which domains of neuro-
logical function (fine motor function, gross motor function, posture and muscle tone, 
reflexes, and visuomotor function) showed an association with dysmorphic features.

Third, we corrected for the following confounders: parental age, time to preg-
nancy, smoking during pregnancy, alcohol consumption during pregnancy, educa-
tional level of the parents (high or not), sex, and gestational age. These confounders 
were chosen because it can be reasoned that they may influence both dysmorphic 
features and child development. Probability values < 0.05 were considered statistical-
ly significant. Statistical analyses were performed using IBM SPSS 20 for Windows 
(IBM SPSS Statistics, IBM Corp, Armond, NY, USA) and Statistical Analysis System 
(SAS) version 9.3 (SAS Institute Inc., Cary, NC, USA).

Results

Background characteristics and overview of developmental 
outcome

Detailed morphological data and developmental outcome in at least one outcome 
parameter were available for 272 children. Table 1 shows the prenatal, perinatal, so-
cial, dysmorphic, and developmental characteristics of the study group. It indicates 
that the group’s development was well within the normal range.

Developmental outcome in relation to the presence 
of dysmorphic features

Table 2 shows the associations between the presence of  the four different types 
of dysmorphic features with neurodevelopment, mental and psychomotor develop-
ment, and behaviour. Our primary outcome measure, the NOS, was most strongly 
associated with several types of dysmorphic features: clinically relevant abnormali-
ties, abnormalities (clinically relevant and clinically irrelevant abnormalities togeth-
er), and common variants. The other parameters of neurological status, the fluency 
score and complex MND, were also associated with clinically relevant abnormalities.
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Table 1. Background characteristics and overview of developmental outcome.

Mode of conception (original intervention)a n = 272
Naturally conceived, n (%) 87 (32)
Modified natural cycle-IVF, n (%) 56 (21)
Controlled ovarian hyperstimulation-IVF, n (%)                                   

Groningen ART Cohort Study 98 (36)
PGS Follow-Up Study 31 (11)

Parental, prenatal and perinatal characteristics n = 272
Maternal age at conception in years, median (range) 33.4 (22–41)
Paternal age at conception in years, median (range) 35.6 (26–59)b

Education level mother (highc), n (%) 112 (41)
Education level father (highc), n (%) 100 (38)b

Time to pregnancy in years, median (range) 3 (0–13)b

Periconceptional use of folic acid, n (%) 248 (93)b

Smoking during pregnancy, n (%) 25 (9)
Alcohol consumption during pregnancy, n (%) 6 (2)b
Gestational age (weeks), median (range) 39 (30–43)
Preterm birth (< 37 weeks), n (%) 52 (19)
Birthweight (grams), mean (SD) 3352 (1150–4710)
Twind, n (%) 44 (16)
Male gender, n (%) 143 (53)

Dysmorphic features n = 272
≥ 1 Abnormality, n (%) 47 (17)
≥ 1 Clinically relevant abnormality, n (%) 24 (9)
≥ 1 Minor anomaly, n (%) 94 (35)
≥ 3 Minor anomalies, n (%) 9 (3)
≥ 1 Common variant, n (%) 68 (25)

Neurological condition n = 272
NOS, median (range) 49 (31–57)
Fluency score, median (range) 10 (5–12)
complex MND, n (%) 9 (3)
simple MND, n (%) 16 (6)

Psychomotor development n = 268
PDI, mean (SD) 90 (15)
MDI, mean (SD) 100 (13)

Behaviour n = 264
Total problem score, mean (SD) 47 (8)
Internalizing problem score, mean (SD) 45 (9)
Externalizing problem score, mean (SD) 50 (9)

aData collected in The Groningen Assisted Reproductive Techniques (ART) cohort study and the 
Preimplantation Genetic Screening (PGS) follow-up study were used. As no effect of the original 
interventions on child development was found, the groups were pooled.
bMissing data: Apgar score 5 min < 7 n = 5, neonatal intensive care admission n = 10, maternal use of folic 
acid n = 5, alcohol consumption during pregnancy n = 1, paternal age at conception n = 8, paternal education 
high n = 6, time to pregnancy n = 1.
cUniversity education or vocational colleges.
dTwins are most likely to be dizygotic.
NOS: neurological optimality score; MND: minor neurological dysfunction;
MDI: mental developmental index; PDI: psychomotor developmental index.
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Figure 1 shows that children with three or more minor anomalies have significantly 
lower fluency scores than children with zero or one minor anomaly. The difference 
in fluency scores between children with two, three, or more minor anomalies did not 
reach statistical significance. In addition, the number of minor anomalies was not as-
sociated with the NOS. Estimates, standard errors, and p-values are provided in the 
legend of Figure 1.

Table 2. Associations between different types of dysmorphic features and developmental 
outcome.

No clinically 
relevant 

abnormality

≥ 1 clinically 
relevant 

abnormality P-value No abnormality ≥ 1 abnormality P-value
Neurodevelopment

NOS1  48.6 [48.1 ; 49.1] 45.4 [43.8 ; 47.1] <0.001   48.7 [48.1 ; 49.2]  46.6 [45.4 ; 47.7] 0.001

Fluency1   9.9 [9.7 ; 10.0]  9.1 [8.7 ; 9.5] 0.002   9.8 [9.7 ; 10.0]   9.5 [9.2 ; 9.9] 0.086

cMND2   1.6 [0.6 ; 4.2] 20.8 [8.9 ; 41.3] 0.034   1.8 [0.7 ; 4.6]  10.6 [4.5 ; 0.23] 0.061

sMND2   5.7 [3.3 ; 9.5] 13.8 [5.0 ; 32.8] 0.276   4.8 [2.7 ; 8.7]  14.4 [7.1 ; 26.8] 0.085

Psychomotor development

PDI1  90.5 [88.5 ; 92.4] 84.7 [78.5 ; 90.8] 0.074  90.4 [88.3 ; 92.4]  88.0 [83.6 ; 92.5] 0.342

MDI1 100.5 [98.9 ; 102.2] 96.0 [91.0 ; 101.0] 0.086 100.4 [98.7 ; 102.1]  99.1 [95.4 ; 102.7] 0.523

Behaviour

TPS1  47.1 [46.0 ; 48.2] 47.8 [44.6 ; 51.1] 0.663  47.1 [45.9 ; 48.2]  47.5 [45.0 ; 49.9] 0.784

IPS1  44.6 [43.4 ; 45.8] 45.4 [41.9 ; 49.0] 0.667  44.7 [43.5 ; 45.9]  44.7 [42.1 ; 47.2] 0.975

EPS1  50.5 [49.3 ; 51.6] 50.9 [47.4 ; 54.5] 0.820  50.4 [49.2 ; 51.6]  51.1 [48.5 ; 53.6] 0.627

No minor 
anomaly

≥ 1 minor 
anomaly P-value

No common 
variant

≥ 1 common 
variant P-value

Neurodevelopment

NOS1  48.6 [48.0 ; 49.2] 47.7 [46.9 ; 48.6] 0.091  48.7 [48.2 ; 49.3]  47.1 [46.1 ;48.1] 0.005

Fluency1   9.8 [9.7 ; 10.0]  9.7 [9.4 ; 9.9] 0.222   9.8 [9.6 ; 9.9]   9.8 [9.6 ; 10.1] 0.604

cMND2   2.2 [0.8 ; 5.8]  5.3 [2.2 ; 12.1] 0.229   2.5 [1.0 ; 5.8]   5.9 [2.3 ; 14.6] 0.258

sMND2   4.8 [2.5 ; 9.1]  8.9 [4.6 ; 16.5] 0.229   4.7 [2.5 ; 8.7]  10.8 [5.3 ; 20.6] 0.139

Psychomotor development

PDI1  90.6 [88.4 ; 92.9]  88.8 [85.6 ; 91.9] 0.331  91.0 [88.8 ; 93.1]  87.0 [83.4 ; 90.6] 0.059

MDI1  99.8 [97.9 ; 101.7] 100.9 [98.3 ; 103.5] 0.486 100.6 [98.8 ; 102.4]  98.8 [95.8 ; 101.8] 0.308

Behaviour

TPS1  47.1 [45.8 ; 48.3]  47.3 [45.6 ; 49.1] 0.784  47.0 [45.8 ; 48.2]  47.6 [45.6 ; 49.6] 0.608

IPS1  44.6 [43.3 ; 45.9]  44.9 [43.1 ; 46.7] 0.820  44.6 [43.3 ; 45.8]  45.1 [43.0 ; 47.2] 0.671

EPS1  50.3 [49.0 ; 51.7]  50.9 [49.1 ; 52.7] 0.641  50.2 [48.9 ; 51.4]  51.5 [49.4 ; 53.6] 0.277

Bold type represents values that were significant. 1Averages with 95% confidence intervals. 2Percentages with 
95% confidence intervals.
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Table 3 shows that the significant associations reported remained statistically sig-
nificant after correction for confounders. Non-significant associations in  Table 2 
remained non-significant and are, therefore, not displayed in Table 3. As the num-
ber of children with complex MND was small, we could not perform multivariable 
analyses on this outcome measure. We found no sex-specific associations between 
dysmorphic features and child development (data not presented).

Number of minor anomalies
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Figure 1. Box plots illustrating the association between an increasing number of  minor anomalies 

with lower fluency scores, and a trend for lower neurological optimality scores.  *p-value = 0.004, ^ p-

value = 0.006. Children with ≥ 3 minor anomalies had significantly lower fluency scores than children 

with 0 minor anomalies (estimate: 1.158, standard error 0.397, p-value 0.004); and then children with 1 

minor anomaly (estimate: 1.145, standard error 0.411, p-value 0.006). Children with ≥ 3 minor anom-

alies had comparable fluency scores compared to children with 2 minor anomalies (estimate: 0.891, 

standard error 0.462, p-value 0.055). Children with ≥ 3 minor anomalies had comparable neurological 

optimality scores compared to children with 0 (estimate: 2.603, standard error 1.618, p-value 0.123), 1 

(estimate: 2.244, standard error 1.674, p-value 0.195) or 2 minor anomalies (estimate: 0.739, standard 

error 2.002, p-value 0.716).
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Table 3. Multivariable regression analyses of  the association between different types 
of dysmorphic features and developmental outcome.

Neurological optimality score

Covariate Reference group Difference P-value

≥ 1 clinically relevant abnormalities No clinically relevant 
abnormalities -2.53 [-4.23 ; -0.83] 0.004

≥ 1 abnormalities No abnormalities -1.87 [-3.18 ; -0.56] 0.006

≥ 1 minor anomalies No minor anomalies -0.71 [-1.75 ; 0.33] 0.178

≥ 1 common variants No common variants -1.50 [-2.63 ; -0.38] 0.009

Fluency score

Covariate Reference group Difference P-value

≥ 1 clinically relevant abnormalities No clinically relevant 
abnormalities -0.62 [-1.1 ; -0.15] 0.010

≥ 1 abnormalities No abnormalities -0.28 [-0.65 ; 0.09] 0.132

≥ 1 minor anomalies No minor anomalies -0.16 [-0.45 ; 0.13] 0.269

≥ 1 common variants No common variants 0.10 [-0.21 ; 0.41] 0.534

Corrected for smoking during pregnancy, alcohol consumption during pregnancy, maternal age at 
conception, paternal age at conception, time to pregnancy, educational level mother, educational level 
father, gender and gestational age. Bold type represents values that were significant.
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Discussion

Our study demonstrates that clinically relevant abnormalities are associated with 
lower neurological optimality scores and less fluent motor behaviour in 2-year-old 
children. Minor anomalies showed no association with development unless the child 
had three or more minor anomalies, which is associated with less fluent motor be-
haviour. These results suggest that dysmorphic features are accompanied by devia-
tions in the development of the nervous system. As it has been well established that 
dysmorphic features originate in the first trimester of pregnancy, the results suggest 
that subtle neurodevelopmental dysfunctions (expressed in a lower NOS and lower 
fluency scores) may also have an early ontogenetic origin. Our study also suggests that 
there are no associations between dysmorphic features and mental, psychomotor, or 
behavioural development at the age of 2 years, suggesting a different causal pathway 
in which factors operating during the first trimester play a less prominent role.

The results contribute to  the understanding of  the aetiology of minor neu-
rological dysfunction. They also suggest that clinicians involved in the health care 
of a child with a clinically relevant abnormality should be aware not only of an in-
creased risk of major developmental problems, but also of an increased vulnerability 
to more subtle neurodevelopmental problems. Early detection of neurodevelopmen-
tal problems will offer an opportunity for early intervention.

Our results are in  line with the study of Soorani-Lunsing et al., who found 
an association between dysmorphic features and MND at 14 years of age (Soora-
ni-Lunsing et al. 1993). However, they found an association with fine manipulative 
dysfunction, whereas we report the associations between dysmorphic features and 
dysfunctional gross motor function. The  difference between the two studies may 
be attributed to the children’s age. The majority of dysfunction in fine manipulative 
abilities first emerges at school age (Hadders-Algra 2002).

Our finding of a threshold effect in the association between minor anomalies 
(three or more) and impaired neurological development is in line with the study by 
Largo et al. (Largo et al. 1989). However, our results are not in line with studies that 
found an association between dysmorphic features and mental, psychomotor and be-
havioural development (Firestone and Peters 1983). There are two possible explana-
tions for this discrepancy. First, we evaluated associations in a generally healthy popu-
lation of children. Perhaps dysmorphic features – the markers of early ontogenetic 
events – are associated only with severe cases of mental, psychomotor, or behavioural 
developmental problems and not with minor deviations. Second, the absence of an 
association between dysmorphic features and mental, psychomotor, and behavioural 
development in our data could be as a result of the relatively young age of our partici-
pants. Certain developmental disorders are often (e.g. autism spectrum disorders) or 
only (e.g. attention-deficit-hyperactivity disorder) diagnosed after the age of 2 years.
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Strengths and limitations

To our knowledge, this is the first study to evaluate the associations between dysmor-
phic features and child development in detail, across a broad spectrum of neurode-
velopmental functions. In addition, it is the only study applying multivariable regres-
sion analysis in order to correct for confounders when evaluating the associations.

One limitation of our study is that participants were part of another study 
on the effects of  assisted reproduction on child development. This means that 
the results of  our study cannot readily be generalized to  the entire population 
of 2-year-old children in the Netherlands. On the other hand, the developmental 
outcome of children in our study was comparable to that of children from the gen-
eral population. And as assisted reproduction did not affect dysmorphic features 
and child development (Jongbloed-Pereboom et al. 2011, Schendelaar et al. 2011, 
Seggers et al. 2012), it  is unlikely that our current associations will differ signifi-
cantly from those in the general population. Important characteristics in which our 
study group does differ from the general population are parental age and the time 
taken to achieve pregnancy. The mean parental age (at the child’s birth) of the cou-
ples participating in this study was higher than that of parents in the general Dutch 
population (ages for our cohort: mothers 33.4 years, fathers 35.6 years; for general 
population: mothers 31.1 years, fathers 34.1 years) (Statistics Netherlands 2014). 
However, correcting for parental age and time to pregnancy in the multivariable 
analyses did not alter the conclusions.

It should also be noted that the associations might differ between single-
tons and twins. We therefore used the mother of the children as a cluster variable 
to model the possible correlation between twins. It is known that assisted reproduc-
tion is associated with both dizygotic and monozygotic twinning. Dizygotic twinning 
after IVF is mainly the result of double embryo transfer. The association between 
assisted reproduction and monozygotic twinning is inconclusive, but could be the 
result of manipulation of the zona pellucida (Hall 2003). In our study, all twins were 
born following double embryo transfer and are most likely to be dizygotic. This is 
important given the fact that monozygotic twins are more likely to have dysmorphic 
features than dizygotic twins (Hall 2003).

In conclusion, we found that dysmorphic features are associated with subop-
timal neurological development. As dysmorphic features emerge in early pregnancy, 
this association suggests that minor neurological deviations may also have an early 
ontogenetic origin. We found that dysmorphic features were not associated with 
mental, psychomotor, and behavioural development, suggesting that early ontoge-
netic events play a less prominent role in aetiology of disorders in these domains.



177 

Dysmorphic features and developmental outcome

C
h

apter 9

Acknowledgements

We thank the parents and children who participated in  the study. In addition, we 
thank Jacorina van Hoften, Paul Keating and Marjolein Jongbloed-Pereboom for 
their help in collecting the data, Jan Maarten Cobben for training JvH and PK in the 
clinical morphological examination, and Pamela Schendelaar, Michiel Schrier, Linze 
Dijkstra and Loes de Weerd for their technical assistance




