
Psychomotor development of PGD children 

O
riginal article

World J Pediatr, Vol 8 No 4 . November 15, 2012 . www.wjpch.com 309

Author Affiliations: Developmental Assessment Unit, Second Department 
of Pediatrics, "P. & A. Kyriakou" Children's Hospital, National and 
Kapodistrian University of Athens, School of Medicine, Athens, Greece 
(Thomaidis L, Critselis E, Drandakis H, Mantoudis S, Kafetzis D); 
Department of Medical Genetics, National and Kapodistrian University of 
Athens School of Medicine, Athens, Greece (Kitsiou-Tzeli S, Touliatou V, 
Leze E, Destouni A, Traeger-Synodinos J, Kanavakis E)

Corresponding Author: Loretta Thomaidis, MD, PhD, Developmental 
Pediatrics, Developmental Assessment Unit, Second University Department 
of Pediatrics, "P. & A. Kyriakou", Children's Hospital, Livadias and Thivon 
Streets, Athens 11527, Greece (Tel: +302132009198; Fax: +302107774383; 
Email: dr_thomaidis@yahoo.gr)

doi: 10.1007/s12519-012-0374-0
©Children's Hospital, Zhejiang University School of Medicine, China and 
Springer-Verlag Berlin Heidelberg 2012. All rights reserved.

Background: The increasing number of children 
conceived following preimplantation genetic diagnosis 
(PGD) necessitates the evaluation of their motor and 
cognitive development. The primary study objective was 
to evaluate the physical, developmental, and neurological 
outcome of children born after PGD in Greece. In 
addition, the secondary study objective was to compare 
the stress levels regarding parental roles between parents 
of PGD children and those of naturally conceived children. 

Methods: A cross-sectional study design was applied. 
The study population consisted of 31 children (aged 2 
months to 7.5 years) born after PGD analysis and their 
parents. The developmental evaluation of children 
included a detailed physical evaluation and cognitive 
assessment with the Bayley Scales of Infant Development. 
The parent stress index was applied to evaluate 
comparative parental stress levels between those parents 
of PGD children and those of naturally conceived healthy 
children. 

Results: High rates of caesarean deliveries, increased 
incidence of prematurity, multiples and low-birth weight 
were observed among the 31 PGD children. Overall, 24 

of the 31 PGD children had cognitive skills within normal 
range [general developmental quotient (GDQ): 86-
115], while 6 children had lower levels of cognitive skills 
(GDQ<85). With regard to parental stress, PGD parents 
reported lower levels of parenting stress as compared to 
parents of naturally conceived children (P<0.01). 

Conclusions: The enhanced frequency of poor 
cognitive and motor skills as well as low parental 
stress necessitates early detection and intervention for 
developmental delays among PGD children. 
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Introduction

P reimplanta t ion  genet ic  d iagnos is  (PGD) 
constitutes one of the most recently developed 
means for the prenatal diagnosis of selected 

genetic conditions. PGD allows for the selection and 
transfer of embryos rendered from in vitro fertilization 
(IVF) and unaffected by the aforementioned genetic 
conditions.[1-4] The specific technique is undertaken with 
intracytoplasmic sperm injection (ICSI), followed by 
embryo biopsy, conducted most often during either the 
embryonic cleavage or blastocyst stages.[5] 

Several studies have documented the health and 
developmental outcomes both during and beyond the 
perinatal period of children born following the use of 
assisted reproductive technology, including ICSI or 
PGD techniques.[6-17] Specifically, the use of IVF/ICSI 
procedures has been associated with adverse perinatal 
outcomes, including augmented rates of preterm 
delivery, low birth weight, perinatal mortality, neonatal 
complications, and disorders associated with genomic 
imprinting.[18-22] Even so, children conceived by assisted 
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reproductive technology have not been observed to 
have elevated rates of unfavourable cognitive, motor, 
and behavioral outcomes as compared to their naturally 
conceived counterparts.[11,20,22,23] 

 In particular, approximately 2000 neonates have 
been born following the use of the PGD technique 
according to recent reports.[6,7] PGD children have not 
been observed to present with elevated rates of major 
malformations and/or deterred growth rates as compared 
with their ICSI counterparts.[14-16] In addition, compared 
with both ICSI and naturally conceived children, PGD 
children are reported to have similar cognitive and 
psychomotor developmental outcomes.[9] However, to 
date, the comparative evaluation of the developmental 
and psychosocial outcomes of PGD children has been 
conducted among cohorts arising from uniparous births 
and/or full-term delivery.[9,13-17] Moreover, while parents 
of both PGD and IVF children are reported to have 
lower parental stress levels as compared with parents 
of naturally conceived children,[13,24,25] the potential 
mediating effects upon children's cognitive and 
psychosocial outcome have not been elucidated. 

The present study was undertaken to evaluate the 
physical, developmental, and neurological outcome 
of children born after PGD in Greece. In addition, the 
study also aimed to compare the stress levels regarding 
parental roles between parents of PGD children and 
those of naturally conceived children. 

Methods
Study design and population
A cross-sectional study was conducted between May 1, 
1997 and March 31, 2006 to assess the study objectives. 
The study protocol was approved by the Ethical 
Committee of the "Aghia Sophia" Children's Hospital 
Institutional Review Board (IRB5138). Informed 
written consent was obtained from all parents prior to 
the initiation of the study. The consent forms included 
the details of the study, in which measurements and 
clinical data would be used only for study purposes, and 
personal data of participants would not be published. 

The source population consisted of children born 
following the PGD/ICSI techniques conducted at the 
Department of Medical Genetics, "Aghia Sophia" 
Children's Hospital of the National and Kapodistrian 
University of Athens School of Medicine in Greece. Our 
laboratory constitutes the single national center for PGD 
analysis in Greece. All parents referred to this center 
were verbally informed about the study objectives. 

During the study period,  51 PGD children 
were born following 44 uniparous and multiparous 
pregnancies (218 PGD cycles). No exclusion criteria 

with respect to parity and length of gestation were 
applied. The initial response rate for study participation 
was 74.5% (38/51). Among the study population, 
complete assessment could not be undertaken for 
the following reasons: (a) 4 (10.5%) participants 
had reported invalid contact information, and (b) 
3 (7.9%) had immigrated to third countries. The 
final study sample consisted of 31 children born 
to 24 couples treated with PGD/ICSI techniques, 
including 16 singletons, 13 children born from seven 
twin pregnancies, and 2 children born from a triplet 
pregnancy. Hence, the proportion of the eligible sample 
which agreed to participate in was 60.8%. 

Clinical assessment
Participants' physical, developmental, and neurological 
resul ts  were  evaluated  a t  the  Developmenta l 
Assessment Unit of the University Department 
of Pediatrics. Assessment included demographic 
characteristics, family medical history, children's 
med ica l  h i s t o ry,  succes s fu l  a ch i evemen t  o f 
developmental milestones, and presence of concomitant 
condi t ions .  The  c l in ica l  eva lua t ion  inc luded 
measurements of length, weight, head circumference, 
as well as a thorough physical examination. When 
indicated, ultrasonographic examinations of the heart, 
kidneys, and abdomen were performed.

Developmental assessment 
Developmental assessment was completed by an 
experienced developmental pediatrician and included 
the following components: (1) visual evaluation 
(fundoscopy and slit lamp); (2) audiological evaluation 
(autoacoustic emissions and auditory brainstem 
response); (3) assessment of cognitive and motor skills 
with the Bayley Scales of Infant Development for 
children aged less than 3 years, and either the Griffiths 
Scales for Mental Development or the Athina Test for 
children aged below 3 years.[26-28] Age correction for 
prematurity was undertaken for those children aged 
less than 2 years. Neurological assessment included 
the evaluation of tone, reflexes, symmetry, presence 
of muscular atrophy, and weakness in addition to the 
inspection of both seated posture and gait. 

The results of both clinical and developmental 
assessments were returned to participants. In addition, 
detailed counseling regarding children's developmental 
status was provided. According to clinical findings, 
further developmental follow-up assessment and/or 
screening was recommended.

Parental stress assessment
Parental stress was evaluated using the Parent Stress 
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Index-Short Form (PSI-SF) standardized in the Greek 
language.[29] The PSI-SF comprises 36 items for 
the assessment of stress in the parent-child system 
associated with parenting. The PSI-SF consists of the 
following five subscales: a) Defensive Responding 
Score, for assessing the potential reporting bias 
regarding problems and/or stress related to the parent-
child relationship; b) Parental Distress Score, for 
assessing distress associated with one's parental role; 
c) Parent-Child Dysfunctional Interaction Score, for 
assessing the adequacy of the parental bond; d) Difficult 
Child Score, for evaluating children's behavioral 
characteristics; and e) Total Stress Score, for evaluating 
overall parental stress levels. Scores greater than the 
85th and lower than the 15th percentiles are indicative 
of high and low parental stress levels, respectively. 

Overall, 32 parents (18 mothers and 14 fathers) 
of PGD children completed the PSI-SF test. A control 
group of 35 parents (19 mothers and 16 fathers) of 
naturally conceived healthy children were recruited from 
public kindergarten and elementary schools. Children 
were matched for age, gender, and socioeconomic status. 

Statistical analyses
Students' t test for independent samples was conducted 
in order to compare PSI-SF scores between the 
aforementioned parent groups.

Results
The study population consisted of 31 PGD children 
born to 24 couples who proceeded with the PGD most 
frequently due to the elevated risk of severe monogenic 

disease (Table 1). Mean maternal age was 37 years 
(range: 32-47 years), while mean paternal age was 
40 years (range: 33-48 years). Specifically, the most 
frequently reported reasons for using PGD technique 
were genetic risks for either β-thalassemia or sickle cell 
thalassemia and infertility.

Following embryo transfer, a total of 24 PGD 
pregnancies were confirmed with fetal sacs and 
heartbeat, including 16 (66.7%) singleton, 7 (29.2%) 
twin, and one (4.2%) triplet pregnancies. During 
gestation, 7 (29.2%) singleton and 3 (12.5%) twin 
pregnancies presented with complications, including 
hypertension, pre-eclampsia, diabetes, polyhydramnios, 
and premature membrane rupture. In addition to 
vitamin supplementation (including iron, folic acid, and 
vitamins) and hormonal support, six mothers received 
treatment for concurrent disorders, including diabetes, 
hypothyroidism, and hypertension. 

Prenatal chromosomal diagnosis due to advanced 
maternal age was performed in 11 (45.8%) pregnancies 
with normal results, while prenatal diagnosis of 
monogenic diseases was performed in all cases. None of 
the embryos was diagnosed with monogenic diseases.

*: more than one complication reported. 

Table 2. Pre- and perinatal characteristics of preimplantation genetic 
diagnosis neonates (including 2 neonates who died perinatally)

Variables Singletons  
 n=16, n (%)  

Twins
 n=14, n (%)

Triplets 
 n=3, n (%)

Male gender       9 (56.2)      7 (50.0)       0 (0.0)
Pregnancy duration 
  <32  wk       0 (0.0)      2 (14.3)     3 (100.0)
  33-37 wk       4 (25.0)      8 (57.1)        0 (0.0)
  >37 wk     12 (75.0)      4 (28.6)     0 (0.0)
Caesarean section     13 (81.3)     14 (100.0)    3 (100.0)
Prenatal chromosomal diagnosis       7 (43.8)       6 (42.8)     3 (100.0)
Prenatal diagnosis of heterozygosity
  for the disease

    16 (100.0)    14 (100.0)    3 (100.0)

Birth weight, g (mean±SD)  2948 ± 280 2377 ± 180 1060 ± 110
Small for gestational age       4 (25.0)       6 (42.8)     3 (100.0)
Birth length, cm (mean±SD)   50.0 ± 2.3  46.0 ± 2.1   37.3 ± 1.5
Head circumference, cm (mean±SD)   34.2 ± 0.5  32.8 ± 0.4   25.3 ± 0.2
Apgar score
   >9      13 (81.2)    12 (85.7)     0 (0.0)
   5-8        3 (18.8)      1 (7.1)     3 (100.0)
   <5        0 (0.0)       1 (7.1)     0 (0.0)
Neonatal complications*        7 (43.8)    11 (78.6)     3 (100.0)
   Respiratory distress syndrome        1 (6.2)       2 (14.3)     2 (66.7)
   Apnea        1 (6.2)       2 (14.3)     0 (0.0)
   Asphyxia        1 (6.2)       1 (7.1)     0 (0.0)
   Intraventricular hemorrhage        1 (6.2)       1 (7.1)     0 (0.0)
   Sepsis        0 (0.0)       1 (7.1)     2 (66.7)
   Jaundice        6 (37.5)      5 (35.7)     3 (100.0)
   Feeding difficulties        1 (6.2)       3 (21.4)     3 (100.0)
   Delayed passage of meconium        1 (6.2)       0 (0.0)     0 (0.0)
   Necrotizing enterocolitis        0 (0.0)       1 (7.1)     0 (0.0)
   Torsion of inguinal hernia        0 (0.0)       1 (7.1)     0 (0.0)
   Retinopathy of prematurity        0 (0.0)       0 (0.0)     2 (66.7)
   Death        0 (0.0)       1 (7.1)     1 (33.3)

Table 1. Indications and characteristics of preimplantation genetic 
diagnosis (PGD) pregnancies

TH: β-thalassemia; SC: sickle cell thalassemia; CF: cystic fibrosis.  

Variables PGD pregnancy, n (%)
Indication (genetic risk ) for PGD
   TH/SC and infertility 11 (45.8)
   TH/SC and previous termination of pregnancy   7 (29.2)
   TH/SC and objection to termination of pregnancy   4 (16.7)
   TH/SC, previous termination of pregnancy   1 (4.2)
     and infertility 
   CF and infertility    1 (4.2)
Number of transferred embryos (mean)    
    1    3 (12.5)
    2    5 (20.8)
    3  12 (50.0)
    >3    4 (16.7)
Clinical pregnancy (positive heart beat)  
   Singleton  16 (66.7)
   Twins    7 (29.2)
   Triplets    1 (4.2)
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Table 3. Physical examination and medical history of preimplantation 
genetic diagnosis in children

Variables Singletons  
 n=16, n (%)  

Twins
 n=13, n (%)

Triplets 
 n=2, n (%)

Male gender   9 (56.2)   6 (46.2) 0 (0.0)
Age at examination
  <6 mon   2 (12.5)   0 (0.0) 0 (0.0)
  6-12 mon   5 (31.2)   6 (46.2) 0 (0.0)
  1-3 y   5 (31.2)   7 (53.8) 2 (100.0)
  4-7.5 y   4 (25.0)   0 (0.0) 0 (0.0)
Growth parameters (weight/height, %)
  Normal 13 (81.2) 12 (92.3) 1 (50.0)
  >90th percentile   2 (12.5)   0 (0.0) 0 (0.0)
  <10th percentile   1 (6.2)   1 (7.7) 1 (50.0)
Head circumference 
  Normal 13 (81.2) 11 (84.6) 1 (50.0)
  >90th percentile   0 (0.0)   1 (7.7) 0 (0.0)
  <10th percentile   3 (18.8)   1 (7.7) 1 (50.0)
Concomitant disorders
  Hypothyroidism (congenital)   0 (0.0)   2 (15.4) 0 (0.0)
  Gastroesophageal reflux   0 (0.0)   2 (15.4) 0 (0.0)
  Milk allergy   1 (6.2)   0 (0.0) 0 (0.0)
  Hypercholesterolemia   1 (6.2)   0 (0.0) 0 (0.0)
  β-thalassemia/sickle cell
      thalassemia trait

  9 (56.2)   7 (53.8) 1 (50.0)

Cystic fibrosis trait   0 (0.0)   1 (7.7) 0 (0.0)
Neurological examination 
   Normal 13 (81.2) 11 (84.6) 1 (50.0)
   Abnormal   3 (18.8)   2 (15.4) 1 (50.0)
       Central hypotonia   2 (12.5)   0 (0.0) 0 (0.0)
       Peripheral hypertonia   1 (6.2)   2 (15.4) 1 (50.0)

Variables
Overall
  (n=31)
  n (%)

Singletons
  (n=16)
  n (%)

Twins
  (n=13)
  n (%)

Triplets
  (n=2)
  n (%)

Boys
  (n=15)
  n (%)

Girls
  (n=16)
  n (%)

General DQ score
  >115   1 (3.2)   1 (6.2) 0 (0.0) 0 (0.0)   0 (0.0)   1 (6.2)
  86-115 24 (77.4) 13 (81.2) 9 (69.2) 2 (100.0) 12 (80.0) 12 (75.0)
  65-85   4 (12.9)   2 (12.5) 2 (15.4) 0 (0.0)   2 (13.3)   2 (12.5)
  <65   2 (6.4)   0 (0.0) 2 (15.4) 0 (0.0)   1 (6.7)   1 (6.2) 
Mental DQ score
  >115   1 (3.2)   1 (6.2) 0 (0.0) 0 (0.0)   0 (0.0)   1 (6.2)
 86-115 25 (80.6)  14 (87.5) 9 (69.2) 2 (100.0) 12 (80.0) 13 (81.2)
 65-85   2 (6.4)    0 (0.0) 2 (15.4) 0 (0.0)   1 (6.7)   1 (6.2)
 <65   3 (9.7)    1 (6.2) 2 (15.4) 0 (0.0)   2 (13.3)   1 (6.2)
Motor DQ score
 >115   1 (3.2)    1 (6.2) 0 (0.0) 0 (0.0)   0 (0.0)   1 (6.2)
 86-115 21 (6.8)  12 (75.0) 8 (61.5) 2 (100.0) 10 (66.7) 11 (68.8)
 65-85   7 (22.6)    2 (12.5) 4 (30.8) 0 (0.0)   4 (26.7)   3 (18.8)
 <65   2 (6.4)    1 (6.2) 1 (7.7) 0 (0.0)   1 (6.7)   1 (6.2)

Table 4. Developmental assessment of preimplantation genetic 
diagnosis in children

Peri- and neonatal complications following PGD
Premature delivery (28 to 37 weeks) occurred in 10 
(41.7%) pregnancies, including 4 (25.0%) of singleton 
pregnancies, 5 (71.4%) twin pregnancies, and 1 
(100.0%) triplet pregnancies (Table 2). Of the 33 
PGD born neonates (including 2 neonates who died 
perinatally), 17 (51.5%) were girls. The majority of 
PGD born children were small for gestational age (<10th 
percentile for gestational age), including one quarter 
of singleton, two fifths of twin, and all of triplet born 
neonates. 

Eight (24.2%) PGD neonates had Apgar scores 
≤8 and required admission to the intensive care unit. 
The occurrence of neonatal complications according to 
type of pregnancy among PGD neonates is presented 
in Table 2. Severe neonatal complications were 
more frequent among premature births and multiple 
pregnancies. Two (6.1%) perinatal deaths occurred 
among PGD neonates following sepsis, including one 
twin and one triplet births.

Clinical assessment of PGD infants and children
Among the 31 surviving PGD infants, the male/
female ratio was 0.94 (Table 3). Growth parameters, 
including weight/height (normal weight/height: 

n=26; 83.9%), and head circumference (normal head 
circumference: n=25; 80.6%) were within normal 
range for the majority of PGD children, and only 
those who were either born prematurely (corrected 
age) or small for gestational age were observed to be 
below the 10th percentile for weight. With respect to 
congenital defects, 6.2% (n=1) of singleton neonates 
had congenital cardiopathy, 7.7% (n=1) of twins had 
pulmonary stenosis, inguinal hernia, and unilateral 
hydronephrosis. The presence of other concomitant 
disorders is presented in Table 3. The neurological 
assessments conducted among PGD children indicated 
that 19.4% (n=6) had abnormal neurological findings, 
including central (n=2; 6.4%) and peripheral (n=4; 
12.9%) hypotonia.

Cognitive development in PGD infants and children
Overall, more than three quarters of PGD children 
(n=24; 77.4%) had normal general developmental 
quotient (GDQ) scores (Table 4). However, 12.9% 
(n=4) and 6.4% (n=2) of PGD children had GDQ scores 
indicative of mild and severe developmental delay, 
respectively. Of the 6 PGD children with GDQ scores 
indicative of mild or severe developmental delay, 3 
(50.0%) children had been delivered prematurely with 
severe perinatal complications (respiratory distress 
syndrome, RDS), necrotizing enterocolitis, torsion of 
inguinal hernia, intraventricular hemorrhage (IVH) 
and 2 (33.7%) were born small for gestational age with 
congenital hypothyroidism which had been managed 
with thyroxin administration since birth. 

While a similar finding to that of the GDQ was 
observed with respect to the mental developmental 
quotient scores, 7 (22.6%) PGD children had motor 
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developmental quotient scores indicative of mild 
motor retardation (Table 4). However, it is noted that a 
significant discrepancy (>15 points) between motor and 
mental quotient scores was recorded for 12.9% (n=4) of 
children. 

Parenting stress levels 
The comparison of parental stress between PGD parents 
and parents of naturally conceived children is shown in 
Table 5. The occurrence of low parental stress among 
parents of PGD children was almost two-fold greater 
than that of the controls. The frequency of total stress 
significantly differed between parents of PGD children 
as compared to the controls. In addition, the occurrence 
of defensive responding significantly differed between 
the groups evaluated. Furthermore, PGD parents 
more often reported lower stress levels regarding their 
parental role as compared to the controls. No significant 
differences were observed regarding the parent-child 
dysfunctional interactions scores (P=0.15) and difficult 
child scores (P=0.19). The majority (>90%) of parents 
of PGD children with mental developmental delay had 
normal stress levels. In contrast, this percentage was 
limited to 70% among parents of PGD children with 
motor developmental delay. 

Discussion
The present  s tudy inves t igated  the  physical , 
developmental, and neurological characteristics of 
children born after PGD. Also, parental stress levels 
regarding parental roles were compared between 
parents of PGD and naturally conceived children. The 
findings of the study indicated that PGD children had 
elevated rates of caesarean deliveries, prematurity, and 
low birthweight. Furthermore, the majority of PGD 
children had cognitive skills within normal range, while 
approximately one fifth had moderate or low cognitive 
skills. Finally, PGD parents reported lower levels of 
parenting stress. Thus, PGD children present with an 
enhanced occurrence of poor cognitive and motor skills 
in addition to low associated parental stress. 

To date, conflicting evidence exists regarding the 
association between assisted reproductive technologies 
(ART), including IVF/ICSF and PGD, and occurrence 
of adverse pregnancy outcomes. Specifically, ART 
procedures are associated with elevated rates of 
prematurity, low birth weight, perinatal complications, 
and birth defects,[30-34] and may be attributed to parental 
characteristics, multiparous gestations, and specific 
ART techniques used.[35,36] Additionally, PGD requires 
embryo biopsy and further evidence is needed to 
elucidate whether such techniques adversely affect the 
outcome of children born after PGD.[14,37] 

ART has been associated with multiple births and 
consequent high rates of prematurity, low birth weight, 
and infant mortality.[30,34,38] However, as most recent 
ART techniques utilize a limited number of embryos 
to be transferred per cycle, multiple births following 
ART have decreased.[39] Among the study population, 
the high mean number of embryos transferred may 
explicate the resulting proportion of multiparous PGD 
gestations. As reported previously, dire complications 
were observed among neither singleton nor multiple 
pregnancies evaluated.[6,7,37,40] Moreover, premature 
birth occurred in 5/7 multiple and 4/16 singleton 
pregnancies, respectively. Despite the limited sample 
size, our findings are comparable with previous reports 
regarding IVF/ICSI born children.[33,41-43] 

Severe perinatal complications occurred most 
frequently among neonates born either prematurely 
or following multiple pregnancies.[33,37,44] In contrast, 
the incidence of congenital defects, including cardiac, 
gastrointestinal and urogenital malformations, 
approximated 6.4% in our cohort, and is markedly 
higher than that reported in either ICSI or naturally 
conceived neonates.[6,8,11,30,33,34,44] 

The majori ty of  PGD children had growth 
parameters within normal range. Hence, the findings 
in our study corroborate with other studies indicating 
that PGD is not associated with deterred growth 
development.[15,16] It is upheld that a "catch-up" effect 
may occur even among children at risk, including those 
with small gestational age.

The cognitive assessment conducted indicated that 

Table 5. PSI Stress Questionnaire: comparison of parental stress between PGD parents and parents of naturally conceived children*

PSI subscales
Parental stress of PGD children (n=32) Parental stress of controls (n=35)

 P value
Low, n (%) Normal, n (%) High, n (%)  Low, n (%) Normal, n (%) High, n (%)

Total stress 10 (31.2) 20 (62.5) 2 (62.5) 6 (17.1) 21 (60.0)   8 (22.8) 0.01
Defensive responding   5 (15.6) 19 (59.4) 8 (25.0) 5 (14.3) 10 (28.6) 20 (57.1) 0.02
Parental distress   6 (18.8) 23 (71.9) 3 (9.4) 6 (17.1) 20 (57.1)   9 (25.7) 0.05
Parent-child dysfunctional interaction   7 (21.9) 24 (75.0) 1 (3.1) 3 (8.6) 29 (82.8)   3 (8.6) 0.15
Difficult child   6 (18.8) 22 (68.8) 4 (12.5) 7 (20.0) 24 (68.6)   4 (11.4) 0.19
*: Parental stress: low stress: <15th percentile; normal stress: 15th-85th percentile; high stress: >85th percentile. PSI: Parental Stress Index; PGD: 
preimplantation genetic diagnosis. 
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19.4% of PGD children had GDQ scores indicative 
of mild or moderate cognitive delay. In contrast, 
previous reports indicated that the developmental 
outcomes of PGD children were not different from 
those of naturally conceived children.[9,17] However, 
our findings are also comparable to those conducted 
among IVF/ICSI children, indicating that multiplicity, 
prematurity, and low birth weight may confound GDQ 
scores.[17,45] As previously reported, the study findings 
reveal that singletons' cognitive skills are often within 
normal range,[9] while premature children or those 
born of multiple births have lower cognitive skills. 
Furthermore, twins have lower motor ability scores than 
singletons. To our knowledge, similar findings have not 
been reported to date. 

With regard to parental stress, the study findings 
indicated that parents of PGD children, as compared 
to naturally conceived children, had lower parental 
stress levels. These findings corroborate with previous 
reports, indicating that prolonged fertility treatments 
are associated with lower overall parental stress.[24,25,46,47] 
The findings of the present study are in contrast to 
previous reports,[13] but may be attributed to the fact 
that previous studies were conducted solely among 
uniparous parents.

Furthermore, according to the PSI-SF test, parents 
of PGD children significantly differed from those of 
naturally conceived children with respect to both the 
parent distress and total stress subscales. Moreover, the 
parents of PGD children responded more defensively 
on the PSI-SF test, as indicated by the defensive 
responding scale. Previous reports have indicated 
that increased cycles of IVF treatment are associated 
with more defensive responses.[25] The parents of 
PGD children report more frequent warmth and/or 
affection, while concomitantly indicating less often 
aggression and/or hostility and rejection, as compared 
with the parents of naturally conceived children.[17] It is 
purported that reporting bias may justify these findings, 
since the parents who have struggled to conceive a 
child may be inclined to idealize parenthood, thus 
diminishing the perceived adverse effects of parenting 
problems. 

The present study and similar reports[13] indicate 
that the parental stress levels of PGD parents are 
not significantly elevated. However, it is upheld that 
information about the potential manifestations of 
developmental disorders in children born after PGD, 
even if not attributed to congenital anomalies, may 
constitute a risk factor for increased parental stress. It 
is recommended that counseling should be provided 
by trained specialists to eligible couples prior to the 
implementation of PGD procedures.[48] During such 
sessions couples should be informed of the procedures 

and potential limitations of PGD. Specifically, 
counseling issues should include the potential risk of 
premature labor, intrauterine growth retardation, and 
perinatal mortality, as well as possible occurrence 
of congenital anomalies and adverse developmental 
outcome. Couples should also be informed of the 
importance of early and repeated developmental 
assessments of PGD children.[48] It is by these means 
that parental stress levels of PGD candidates may be 
mitigated. 

The strengths of the study include that it entailed 
an objective medical evaluation of the physical, 
developmental, and neurological characteristics of 
children born after PGD. In addition, the cohort 
included both uniparous and multiparous pregnancies. 
However, the limitations of this study included the 
restricted number of PGD children evaluated. A 
response bias may have been introduced due to the 
moderate response rate recorded among PGD parents. 
Hence, the generalizability of the study findings 
to larger cohorts may be limited. Moreover, the 
developmental and cognitive outcomes of PGD children 
were not compared with those of either IVF or ICSI 
children. Finally, because of the study design applied, 
the etiological association could not be assessed 
between the development of PGD children and the 
progression of parental stress. 

In conclusion, increased rates of prematurity, 
caesarian section and low birth weight were noted in 
PGD pregnancies. Regarding psychomotor development, 
it was normal in the majority of the evaluated PGD 
children while approximately one fifth of them presented 
with moderate or low cognitive skills. Parents of PGD 
children expressed lower stress compared to the control 
group of the parents of naturally conceived children. 
Hence, the study findings indicate that PGD children 
present with an enhanced occurrence of poor cognitive 
and motor skills, as well as low associated parental 
stress. The study findings suggest that due to the elevated 
risk of lower cognitive skills among PGD children, 
parental stress levels may be neither sufficient nor 
indicative of the necessity for pediatricians to evaluate 
the status of children's mental development. Therefore, 
early screening and detection of cognitive developmental 
delays among this high-risk population is necessary. 
Additional prospective cohort studies are needed to 
evaluate the implications of PGD techniques upon child 
development throughout adulthood.
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