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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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