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background 
Preterm birth represents the most frequent complication  
of pregnancy all over the world. Much research is address
ed to psychomotor development of preterm infants during  
the initial years of their life. Many authors emphasize the 
role of birth weight, gestational age, and gender in deter
mining the child’s psychomotor development. This study 
adds to this knowledge as we analyzed the synergistic ef
fect of biomedical predictors such as gestational age, birth 
weight, Apgar score, time in incubator, type of pregnancy 
defined based on its outcome, neonatal status immediately 
after delivery, infant’s gender, and possessing twin sibling. 
Combined effects of these factors represent an important 
niche in the studies of the developmental psychology of pre
term infants.

participants and procedure
The study included 49 preterm infants born in 20082009 
at the Department of Obstetrics of the Medical Universi
ty of Gdańsk. The psychomotor development of preterm 
infants was evaluated according to the Bayley Scales of 
Infant and Toddler Development®, Third Edition (BSIDIII) 
at a mean, noncorrected age of 33.80 months (SD = 5.16). 
For the purpose of the study we developed a basic model in 
the form of a pathway diagram, describing the cumulative 
influence of eight biomedical predictors on the develop
ment of the infants during early childhood. 

results
Our study revealed a synergistic influence of biomedical 
predictors on the de velopment of preterm infants with re
gards to cognitive functioning (28% of variance), language 
skills (10% of variance), motor skills (18% of variance), fine 
motor skills (16% of variance), and gross motor skills (20% 
of variance). Moreover, we observed an independent effect 
of birth weight, child’s gender, and final Apgar score on the 
psychomotor development of preterm infants. Higher birth 
weight was associated with higher level of cognitive func
tion and fine motor skills. Male gender of a child was re
flected by a higher level of cognitive function and language 
skills, including expressive communication. Finally, higher 
final Apgar scores resulted in better gross motor skills.

conclusions
This study confirmed the independent influence of bio
medical predictors, such as birth weight, gender, and Apgar 
score, on the psychomotor development of preterm babies 
during early childhood. Medical factors play a crucial role 
in the evaluation of psychomotor development in preterm 
infants, and their importance should not be undervalued.
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Background

As preterm birth is a final deliverable of a multifac-
torial process, it is sometimes referred to as preterm 
parturition syndrome (Gotsh et al., 2009). Currently, 
preterm birth represents the most frequent compli-
cation of pregnancy. The lowest preterm birth rates 
(3-6%) were documented in Scandinavian countries, 
the Netherlands, and France, and the highest (above 
30%) in India and Philippines. The preterm birth rate 
in Europe is around 5-7% and in the United States 
8-11%. The prevalence of preterm births in Poland de-
creases gradually every year but still is higher than 
in other developed European countries, ranging be-
tween 4.5% and 12% (Czajka, 2010; Bieleninik, 2012; 
Bidzan, Bieleninik & Lipowska, 2013).

Prematurity is not only the most frequent cause 
of perinatal mortality but can also be associated with 
persistent health problems during the neonatal and 
infantile period, or even in subsequent life, resulting 
from the immaturity of vital organs of a  newborn.  
Anatomical and functional differences between pre-
term neonates and full-term newborns pertain to all 
vital organs. Respiratory problems of preterm new-
borns and immaturity of their lungs constitute one of 
the most significant clinical problems as they can be 
associated with mortality risk. It is widely postulated 
that respiratory problems in preterm neonates result 
from quantitative and qualitative abnormalities of al-
veolar surfactant. The respiratory failure of preterm 
neonates can also be associated with immaturity of 
the respiratory tract (including lower content of col-
lagen and elastin in pulmonary tissue and pulmonary 
vessels), fragile structure of the chest, and the defi-
ciency of neurotransmitters controlling the normal 
breathing rate. Respiratory pathologies that can be 
observed in preterm infants include respiratory dis-
tress syndrome (RDS), bronchopulmonary dysplasia 
(BPD), inborn pneumonia, and apnea. Also the ther-
mogenesis is impaired in preterm neonates, due to 
their lower content of brown adipose tissue, small 
reserve of glycogen, decreased muscle tone, signifi-
cant thermal loss through the skin, and a  tendency 
to adopt the external temperature; therefore, preterm 
neonates should be kept in incubators. Moreover, 
they show an array of alimentary disorders. Due to 
the lack or poorly developed sucking reflex, as well 
as the lack of swallowing and coughing reflexes, 
preterm newborns have difficulties with food in-
gestion. Therefore, neonates with LBW frequently 
require enteral or parenteral nutrition. Necrotizing 
enterocolitis is the most frequent gastrointestinal 
problem in preterm babies. The list of cardiovascu-
lar abnormalities of preterm neonates includes per-
sistent pulmonary hypertension of the newborn, and 
patent ductus arteriosus (PDA). Moreover, preterm 
newborns show an array of immaturity-related dis-
orders of the nervous system. This refers especially 

to muscle tone, the cerebral respiratory center that is 
responsible for so-called motor drive, and the pres-
ence of reflexes which are specific for preterm neo-
nates and the intrauterine environment. Immaturity 
of the brain in preterm infants is also manifested by 
a  different spectrum of neurological complications 
than in full-term newborns, resulting from differenc-
es in morphology and localization of changes in the 
central nervous system (CNS). Noticeably, as many 
as 95% of injuries of the CNS occur during the fetal 
and neonatal period. The most frequent abnormali-
ties observed in preterm infants include bleeding 
(intraventricular, periventricular, or subarachnoid 
hemorrhage), leukomalacia, and infections. Other 
unique anatomical characteristics of newborns deliv-
ered before gestational week 37 pertain to the skin 
and immune system. It is the immature skin barrier 
which is frequently the cause of infections, as well 
as the reason for thermoregulatory and water-elec-
trolyte disorders. The endocrine disorders of preterm 
newborns refer mostly to carbonate and calcium 
metabolism, and the thyroid gland. Additionally, 
preterm neonates show abnormalities of the hema-
topoietic system, urinary tract, and skeletal system. 
Furthermore, termination of pregnancy before ges-
tational week 37 can also be reflected by abnormal 
vision and hearing of a neonate. Aside from retinopa-
thy of prematurity (ROP), preterm neonates are more 
frequently affected by strabismus (4- to 5-fold higher 
risk), myopia (approximately three times more fre-
quent than in full-term babies), nystagmus, bilateral 
disorders of vision, lack of visual acuity, and cataract 
of prematurity (Kostuch, 2009). 

Noticeably, the group of premature babies compris-
es both neonates delivered at the 6th month of preg-
nancy and those born at gestational month 9. This is 
reflected by variable clinical status, anthropometric 
parameters, and requirements for perinatal care. This 
fact has significant prognostic value. Children deliv-
ered preterm are at risk of neurodevelopmental dis-
orders (Martens et al., 2003; Woodward et al., 2006), 
especially cerebral palsy and mental impairment (e.g. 
Martens et al., 2003; van Kessel-Feddema et al., 2007; 
Wechsler Linden, Paroli & Doron, 2007; Bidzan & 
Bieleninik, 2013). A number of studies have addressed 
the psychomotor development of preterm babies 
during initial years of their life. Premature infants con-
stitute a  risk group of various developmental disor-
ders, deficits, and disharmonies, as well as delayed de-
velopment and/or impairment (e.g. Saigal et al., 2003; 
Ragusa, 2009; Wielenga et al., 2009). It is of note that 
the premature population also includes babies which 
do not differ from their peers delivered after gestation-
al week 37 in terms of psychomotor development; this 
refers mostly to children born between the 34th and 
36th week of pregnancy, i.e. so-called late preterm in-
fants. However, there are also neonates with ELBW 
and young gestational age, who constitute a particu-
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lar risk group of impaired psychomotor development 
(Bracewell & Marlow, 2002). Due to advances in neo-
natology, also newborns delivered at the 23rd week of 
pregnancy (e.g. Wechsler Linden et al., 2007; Field, 
Dorling, Manktelow & Draper, 2008), or even those 
born at gestational week 22, can be saved (Rijken  
et al., 2003). These so-called fetal infants have the high-
est risk of perinatal mortality and neurodevelopmen-
tal complications.

As the normal psychomotor development of a child 
is determined by the course of pregnancy and delivery, 
adaptation to the intrauterine environment, and peri-
natal complications, the prevention of developmental 
abnormalities should include the analysis of obstetri-
cal and neonatal variables.

The aim of the research was to assess psychomo-
tor development of preterm babies in the context of 
biomedical predictors.

participants and procedure

The study was a part of a research project completed 
in cooperation between the Department of Obstetrics 
of the Medical University of Gdańsk and the Institute 
of Psychology of the University of Gdańsk. The proj-
ect consisted of two stages. The first stage took place 
in 2007-2008 and included analysis of medical and 
nursing documentation. The second stage took place 
between 2010 and 2011, and included the determi-

nation of the psychomotor development of children 
according to the Bayley Scales of Infant and Toddler 
Development®, Third Edition (BSID-III) scale and the 
American reference levels. Additionally, the project 
constituted an attempt to normalize BSID-III for the 
Polish population.

The study included 49 preterm infants born in 2008-
2009 at the Department of Obstetrics of the Medical Uni-
versity of Gdańsk. The study group included 21 sin gle 
babies (42.86%) and 28 twins (57.14%); these figures did 
not correspond to the number of pregnancies. Taking 
into account the number of fetuses, 34 infants (69.39%) 
originated from twin pregnancies, and 15 (30.61%) from 
singleton pregnancies. This discrepancy resulted from 
the fact that among twin pregnancies there were 11 preg-
nancies complicated by twin-to-twin transfusion syn-
drome (TTTS), and in six of them only one live newborn  
was delivered. The analysis of medical and nursing  
documentation revealed that 8 infants (16.32%) were 
born by natural routes, and 41 (83.65%) by cesarean sec-
tion. Taking into account the presentation at delivery, 
31 ne wborns (70.89%) resumed normal cephalic presen-
tation, 6 (13.34%) breech presentation, and 7 (15.77%) 
transverse presentation.

Descriptive statistics of preterm newborns ex-
tracted from their medical and nursing documenta-
tion are summarized in Table 1. 

Mean gestational age of preterm newborns was 
33.33 weeks (SD = 2.82, range 26-36 weeks). The dis-
tribution of gestational age in the study group is pre-
sented in Figure 1. 

It is of note that 9 newborns (18.37%) were deliv-
ered before gestational week 32, and 4 (8.16%) in the 
32nd week of pregnancy. Gestational age of the ma-
jority of babies exceeded 32 weeks, including 9 new-
borns born in the 33rd or 35th week (18.37% each),  
5 (10.20%) in the 34th week, and 13 (26.53%) in the 36th 
week. Late preterm infants represented more than half 
of the study group (n = 27, 55.10%).

Mean birth weight of studied newborns was 
1952.45 g (SD = 715.72; range 550-3870 g). One new-
born was delivered with incredibly low birth weight 
(ILBW) amounting to 550 g, 4 (8.16%) with extremely 
low birth weight (ELBW), 10 (20.40%) with very low 
birth weight (VLBW), 24 (49%) with low birth weight 

Table 1

Descriptive characteristics of newborns extracted from their medical and nursing documentation

Perinatal parameters M SD Min Max

Gestational age 33.33 2.82 26 36

Birth weight 1952.45 715.72 550 3870

Birth length 44.63 5.65 31 60

Head circumference 31.14 4.29 23 49

Chest circumference 27.50 3.72 18 34

Figure 1. Histogram presenting the distribution  
of gestational age.
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(LBW), and 10 babies (20.40%) were born with birth 
weight exceeding 2500 g. The distribution of birth 
weight in the study group is presented in Figure 2.

We did not observe any final Apgar score below  
5 points, although 5 newborns (10.20%) scored 4 at the 
first measurement. Moreover, 4 (8.16%) and 2 babies 
(4.08%) scored 5 points at the first and final measure-
ment, respectively. The number of newborns who 
scored 10 points at the 1st minute and at the final mea-
surement was 4 (8.16%) and 7 (14.29%), respectively. 
Most of the newborns scored 7 (n = 13, 26.53%) or  
8 points (n = 11, 22.45%) at the first measurement, and 
8 points (n = 20, 40.82%) at the final measurement.  
The distribution of Apgar scores at the 1st minute and 
at the final measurement is presented in Figure 3. 

Additionally, the status of babies immediately af-
ter delivery was examined by a  neonatologist. The 
study group included 40 newborns (81.63%) delivered 
in a good status, 7 (14.29%) with signs of hypoxia, and 
2 (4.08%) born with asphyxia. The variability with 
regards to gestational age, birth weight, and Apgar 
scores determined further postnatal differences, es-
pecially with regards to adaptation to the extrauter-
ine environment. The analysis of medical documen-
tation revealed that 40 babies (81.63%) were placed in 
an incubator. Mean time in an incubator was 15.17 
days, and the maximal incubator stay was 120 days. 
Half of the babies (50%) required oxygen therapy. 
Eighteen newborns (45%) were diagnosed with RDS, 
2 (5%) with pneumonia, 15 (37.5%) with infection,  
3 (7.5%) with PDA, another 3 (5%) with intraventric-
ular hemorrhage, and periventricular hemorrhage 
was detected in one child (2.5%). Retinopathy of pre-
maturity was diagnosed in 9 babies (22.5%), BPD in  
4 (10%), apnea in 2 (5%), ischemia in 16 (40%), hypoxia in 
15 (37.5%), hyperbilirubinemia in 19 (47.5%), and hypo-
glycemia in 6 (15%). Additionally, the post-TTTS status 
was documented in some cases. The postnatal status of 
a preterm neonate determines the way of its feeding; 
9 neonates (18.36%) were breastfed, 16 (32.65%) formu-
la-fed, and 24 (48.9%) remained on mixed feeding.

During early childhood 4 babies (8.16%) were di-
agnosed with disability, including cerebral palsy in 
two girls from multiple pregnancies and in another 
pair of twins. One boy suffered from multiple disabil-
ity: impairment of hearing (treated with an implant) 
and cerebral palsy. One girl was diagnosed with 
Pierre-Robin syndrome and decreased muscle tone. 
Mean age of children at the evaluation of psycho-
motor development according to BSID-III was 33.80 
months (SD = 5.16), and the result of bootstrap es-
timation corresponded to 34.12 months (SD = 5.21). 
Single infants and twins did not differ significantly in 
terms of age at the examination (Table 2).

To study the psychomotor development of preterm 
infants in the context of biomedical predictors we 
developed a  basic model in the form of a  pathway 
diagram, presented in Figure 4. We assumed that  

8 predictors modulate various spheres of child de-
velopment. Three of the studied predictors – type of 
pregnancy (normal vs. high-risk pregnancy), possess-
ing a twin sibling (single infant vs. twin), and child’s 
gender – were not correlated with the remaining pre-
dictors. The other five predictors – gestational age, 
postnatal status, birth weight, Apgar score, and time in 
incubator – were strongly correlated with each other, 
influencing the health status of a neonate. These cor-
relations are depicted in the scheme as double-headed 
arrows. The predictors modulated various indices of 
BSID-III. This influence was estimated on the basis of 
a structural equation model with the generalized least 
square method and bootstrap-type estimation with 
10 000 repeats. The significance of the model parame-
ters was estimated on the basis of 95% percentile range 
of the bootstrap estimator distribution.

Biomedical predictors

Our study included the following predictors:
–  gestational age: mean 33.33 weeks, range 26-36 

weeks;
–  birth weight: mean 1952.45 g, range 559-3870 g;
–  final Apgar score: 5-6 points (n = 2, 4.08%), 7 points 

(n = 9, 18.37%), 8 points (n = 20, 40.82%), 9 points  
(n = 9, 18.37%), 10 points (n = 7, 14.29%);

Figure 3. Histogram presenting the distribution 
of Apgar scores at the 1st minute and at the final 
measurement.
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–  time in incubator: 40 newborns (81.63%) were 
placed in an incubator for a mean period of 15.17 
days; the longest incubator stay was 120 days; 

–  type of pregnancy: 36 newborns (73.47%) originat-
ed from high-risk pregnancies;

–  status of newborn immediately after birth: good  
(n = 40, 81.63%), signs of hypoxia (n = 7, 14.29%), 
asphyxia (n = 2, 4.08%);

–  child’s gender: 29 girls and 20 boys;
–  possessing twin sibling: 21 single infants (42.86%), 

and 28 twins (57.14%).

results

Cognitive development of preterm 
infants in Context of biomediCal 
prediCtors

Our analysis confirmed a  significant effect of eight 
biomedical predictors of cognitive function (Cog)  

(R2 = 0.285, p = 0.002). We identified the two predictors 
which had the strongest impact on the skills from this 
sphere, i.e. birth weight (β = 0.575, p = 0.022), and gen-
der (β = –0.258, p = 0.058). Consequently, the higher 
the birth weight was, the higher were Cog scores and 
related skills in a given child. Moreover, the Cog scores 
were higher in boys. The data on the significance of 
regression coefficients for eight analyzed biomedical 
predictors in determining the Cog are presented in 
Table 3. Noticeably, the influence of analyzed predic-
tors explained 28% of the variance (Figure 5).

language development of preterm 
infants in Context of biomediCal 
prediCtors

Our analysis confirmed the significant influence of 
eight studied biomedical predictors on language skills 
(Lang) (R2 = 0.100, p = 0.022). On detailed analysis, 
male gender proved the only significant determinant 

Table 2

Statistical characteristics of age at the evaluation of psychomotor development according to BSID-III

Single infants Twins Cohen Bartlett test for  
variance

M SD N M SD N T df P D F df1 df2 P

Crude 32.86 4.15 21 34.51 5.77 28 –1.159 47 0.126 –0.34 1.936 28 21 0.061

Bootstrap Estimator 32.87 3.98 21 34.52 5.61 28 –1.250 47 0.092 –0.36 2.186 28 21 0.034

95% 
confidence 

interval

Lower 
limit

31.05 2.72 32.36 4.32 –0.987 0.072 –0.44 2.391 0.009

Upper 
limit

34.70 5.24 36.68 6.90 –1.513 0.112 –0.29 1.980 0.059

Gestational 
age

Perinatal status 
of a child

Birth weight

Time 
at incubator

Gender

Highrisk 
pregnancy

Singleton – twin 

Final 
Apgar score

Development e

Figure 4. Model illustrating the influence of biomedical predictors on the psychomo
tor development of a child.

1
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of this sphere (β = –0.238, p = 0.043). Consequently, 
boys scored significantly higher on the BSID-III scale 
of Lang, as shown in Table 4. The model illustrating 
the influence of biomedical predictors on the results 
of the Lang scale is presented in Figure 6.

Analyzing the influence of biomedical predictors 
on the development of Lang related to receptive 
communication (RC) and expressive communication 
(EC) we did not reveal any significant effect of gesta-
tional age, perinatal status, birth weight, final Apgar 
score, time in incubator, child’s gender, or possess-
ing a  twin sibling in these spheres. These findings 
indicate the lack of significant cumulative influence 
of eight analyzed biomedical predictors on the RC  
(R2 = 0.157, p = 0.102; Table 5 and Figure 7) and EC 
scores (R2 = 0.157, p = 0.102; Table 6 and Figure 8). It 

Table 3

Significance of the standardized regression coefficients describing the influence of eight analyzed biomedical 
predictors on the Cog scores

Parameter Value 95% confidences interval Significance

Lower limit Upper limit

Perinatal status of a child 0.048 –0.297 0.513 0.734

Birth weight 0.575 0.126 0.925 0.022*

Final Apgar score –0.142 –0.476 0.288 0.435

Time in incubator 0.083 –0.354 0.723 0.703

Gender –0.258 –0.435 0.008 0.058A

Singleton – twin 0.164 –0.079 0.332 0.182

Gestational age –0.049 –0.555 0.678 0.992

Highrisk pregnancy –0.091 –0.315 0.112 0.266

R2 0.285 0.202 0.641 0.002**

Gestational 
age

Perinatal status 
of a child

Birth weight

Time 
at incubator

Gender

Highrisk 
pregnancy

Singleton – twin 

Final 
Apgar score

Cog e

Figure 5. Model illustrating the influence of biomedical predictors on the Cog scores.

is of note that the cumulative influence of eight an-
alyzed biomedical predictors explained 16% and 15% 
of variance in RC and EC, respectively.

motor development of preterm infants 
in Context of biomediCal prediCtors

We observed a  significant cumulative effect of 
eight analyzed biomedical predictors on the motor 
skills (Mot) of studied children (R2 = 0.181, p = 0.010). 
The influence of the biomedical predictors explained 
18% of variance in Mot. However, none of the bio-
medical predictors proved to be a significant deter-
minant of the motor skills when analyzed separately. 
The data on the significance of regression coefficients 
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Table 4

Significance of the standardized regression coefficients describing the influence of eight analyzed biomedical 
predictors on the Lang scores

Parameter Value 95% confidence interval Significance

Lower limit Upper limit

Perinatal status of a child 0.032 –0.036 –0.368 0.255

Birth weight 0.109 0.036 –0.500 0.546

Final Apgar score –0.189 –0.060 –0.477 0.296

Time in incubator –0.130 0.011 –0.506 0.566

Gender –0.238 –0.211 –0.381 0.043*

Singleton – twin 0.083 0.029 –0.257 0.222

Gestational age 0.184 0.218 –0.361 0.849

Highrisk pregnancy 0.041 –0.056 –0.346 0.174

R2 0.100 0.091 0.502 0.022

Gestational 
age

Perinatal status 
of a child

Birth weight

Time 
at incubator

Gender

Highrisk 
pregnancy

Singleton – twin 

Final 
Apgar score

Lang e

Figure 6. Model illustrating the influence of biomedical predictors on the Lang scores.

for eight analyzed biomedical predictors in determin-
ing the Mot are presented in Table 7 and in Figure 9.

Additionally, the cumulative effect of eight ana-
lyzed biomedical predictors proved to be a  signifi-
cant determinant of fine motor (FM) skills (R2 = 0.163,  
p = 0.012). Moreover, we identified two individual 
predictors which significantly influenced children’s 
skills in this sphere: birth weight (β = 0.376, p = 0.043) 
and final Apgar score (β = –0.303, p = 0.045). Conse-
quently, children with higher birth weight and a low-
er Apgar score achieved significantly higher results 
on the FM scale. The influence of analyzed biomed-
ical predictors explained 16% of variance in the FM 
skills. The data on the significance of regression co-
efficients for eight analyzed biomedical predictors in 

determining the FM scores are presented in Table 8 
and in Figure 10.

Furthermore, the eight analyzed biomedical pre-
dictors exerted a significant cumulative effect on the 
gross motor (GM) skills (R2 = 0.203, p = 0.002). Addi-
tionally, one of the predictors, final Apgar score, sig-
nificantly influenced children’s skills in this sphere on 
separate analysis (β = 0.317, p = 0.079). Consequently, 
children with higher Apgar scores achieved higher 
scores on the GM scale during their early childhood. 
Cumulatively, the studied biomedical predictors ex-
plained 20% of variance in the GM skills. The data on 
the significance of regression coefficients for eight 
analyzed biomedical predictors in determining the 
GM scores are presented in Table 9 and in Figure 11.
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Table 5

Significance of the standardized regression coefficients describing the influence of eight analyzed biomedical 
predictors on the RC scores

Parameter Value 95% confidence interval Significance

Lower limit Upper limit

Perinatal status of a child –0.201 –0.468 0.117 0.198

Birth weight 0.093 –0.328 0.515 0.720

Final Apgar score 0.134 –0.307 0.477 0.672

Time in incubator 0.312 –0.124 0.792 0.176

Gender –0.042 –0.213 0.166 0.805

Singleton – twin –0.088 –0.389 0.136 0.407

Gestational age 0.19 –0.42 0.849 0.514

Highrisk pregnancy –0.175 –0.475 0.058 0.132

R2 0.157 0.008 0.594 0.102

Gestational 
age

Perinatal status 
of a child

Birth weight

Time 
at incubator

Gender

Highrisk 
pregnancy

Singleton – twin 

Final 
Apgar score

RC e

Figure 7. Model illustrating the influence of biomedical predictors on the RC scores.

discussion

A  lot of previous studies dealing with the prob-
lem in question centered around the determinants of 
child development, including perinatal factors that 
were classified as biomedical predictors in our study. 
Many authors emphasize the role of birth weight, 
gestational age, and gender in determining psycho-
motor development during childhood. Our study 
adds to this knowledge as we analyzed the synergis-
tic effect of biomedical predictors such as gestational 
age, birth weight, Apgar score, time in incubator, type 
of pregnancy defined based on its outcome, neonatal 
status immediately after delivery, baby’s gender, and 

possessing a twin sibling. Combined effects of these 
factors represent an important niche in the studies 
of the developmental psychology of preterm infants. 
Due to their specificity associated with maturation 
of vital organs in the extrauterine environment, 
preterm infants differ markedly from their full-term 
peers. Undoubtedly, medical factors play a  crucial 
role in the evaluation of psychomotor development 
in preterm infants, and their importance should not 
be undervalued. They not only determine the postna-
tal status of a child and its adaptation to extrauterine 
life, but also modulate the psychomotor develop-
ment. Moreover, they mutually influence each other, 
e.g. birth weight is associated with gestational age, 
which in turn is reflected by postnatal status, which 
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Figure 8. Model illustrating the influence of biomedical predictors on the EC scores.

decides upon the necessity of incubator stay and its 
duration. Our study revealed that biomedical pre-
dictors exert a synergistic effect on the early devel-
opment of preterm babies with regards to cognitive 
functioning (whereby they explain 28% of variance), 
language skills (10% of variance), motor skills (18% of 
variance), as well as fine (16% of variance) and gross 
motor skills (20% of variance).

Our study confirmed the independent influence of 
biomedical predictors, such as birth weight, gender, 
and Apgar score, on the psychomotor development of 
preterm babies during early childhood. We observed 
that higher birth weight was associated with better 
cognitive functioning and fine motor skills. In turn, 
male gender of a child was reflected by better cogni-

tive functioning and language skills, including expres-
sive communication. Finally, a higher Apgar score de-
termined better gross motor skills of preterm infants.

Both our findings and literature evidence confirm 
that child’s gender is a predictor of their development 
(Morris et al., 2002; Stoelhorst et al., 2003; Wood et 
al., 2005; van Kessel-Feddema et al., 2007). However, 
we also revealed that male gender of a child is asso-
ciated with better cognitive functioning and language 
skills, including expressive communication. Similar 
relationships have not been previously reported in lit-
erature dealing with the problem in question. For ex-
ample, Wood et al. (2005) studied a group of 308 new-
borns from the UK and Ireland born at the 25th week 
of intrauterine life and a smaller group of 30-month-

Table 6

Significance of the standardized regression coefficients describing the influence of eight analyzed biomedical 
predictors on the EC scores

Parameter Value 95% confidence interval Significance

Lower limit Upper limit

Perinatal status of a child 0.032 –0.352 0.333 0.737

Birth weight 0.109 –0.367 0.525 0.656

Final Apgar score –0.189 –0.567 0.142 0.253

Time in incubator –0.130 –0.595 0.364 0.568

Gender –0.238 –0.420 0.009 0.067A

Singleton – twin 0.083 –0.184 0.28 0.714

Gestational age 0.184 –0.393 0.737 0.450

Highrisk pregnancy 0.041 –0.244 0.249 0.942

R2 0.152 0.009 0.521 0.102
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old infants, and observed that male gender constitutes 
a  risk factor for lower motor scores, cerebral palsy, 
and motor impairment. Moreover, the risk of devel-
opmental disorders is modulated by unisexuality of 
children from multiple pregnancies (Kornacka, 2003).

Also gestational age constitutes a  risk factor for 
neurological disorders and developmental delay (e.g. 
Wood et al., 2005; Woodward et al., 2006; Sondaar et 
al., 2008; Kiechl-Kohlendorfer et al., 2009; Maguire 
et al., 2009). Several studies have revealed that ges-
tational age at preterm birth influences child’s IQ 
at older age (Marlow, Wolke, Bracewell & Samara, 
2005; Mulder, Pitchford, Hagger & Marlow, 2009). 
Moreover, gestational age seems to be the main 
factor determining the risk of generalized cogni-

tive deficits in preterm infants (Mudler et al., 2009). 
Furthermore, often although not always boys rather 
than girls experience more severe consequences of 
low gestational age at birth (e.g. Marlow et al., 2005). 
A Swedish study conducted by Hemgren & Persson 
(2004) analyzed the association between gestational 
age at birth (four groups: I – weeks 23-32; II – weeks 
32-36; III – weeks 37-42; and IV – weeks 37-42) and  
the risk of delayed psychomotor development. The 
study revealed that at the age of three years, chil-
dren with the lowest gestational age at birth (group I)  
show a higher level of motor dysfunction than pre-
term infants who were born at older gestational ages  
(group II) and healthy full-term neonates (group IV). 
According to Hack et al. (1999, after: Rijken et al., 
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Figure 9. Model illustrating the influence of biomedical predictors on the Mot scores.

Table 7

Significance of the standardized regression coefficients describing the influence of eight analyzed biomedical 
predictors on the Mot scores

Parameter Value 95% confidence interval Significance

Lower limit Upper limit

Perinatal status of a child 0.049 –0.210 0.345 0.746

Birth weight 0.286 –0.220 0.703 0.193

Final Apgar score 0.005 –0.292 0.400 0.893

Time in incubator 0.306 –0.233 0.696 0.261

Gender –0.096 –0.341 0.158 0.539

Singleton – twin 0.091 –0.137 0.319 0.480

Gestational age 0.287 –0.313 0.650 0.298

Highrisk pregnancy –0.132 –0.384 0.099 0.320

R2 0.181 0.094 0.523 0.010
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c2(18) = 20.172; CFI = 0.795
RMSEA = 0.050; pClose = 0.456
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2003), the scores of preterm infants are highly vari-
able and depend on gestational age at birth. They 
highlighted that severe impairment occurs in 30% 
of babies born at the 23rd gestational week, 17%  
to 45% of neonates delivered at gestational week 24,  
and in 12-35% of those with gestational age of  
25 weeks. Another study (Hemgren & Persson, 2006) 
revealed that babies born preterm at younger ges-
tational ages (between the 23rd and 31st week) show 
delayed development in 2 out of 14 spheres analyzed 
with the Motor-Perceptual Development instrument, 
as compared to preterm neonates delivered at older 
age (gestational age between 32 and 36 weeks) and 
full-term newborns (gestational age 37-43 weeks); as 
many as 11% of the children showed various degrees 

of delay in the motor-perceptual scale along with 
evident deficits of coordination and attention. This 
suggests that the deficits of coordination and atten-
tion are associated with delayed development in the 
motor-perceptual sphere, considered vital for gain-
ing skills required for everyday life and kindergarten 
education (Hemgren & Persson, 2006). A Dutch study 
by Rijken et al. (2003) showed unfavorable outcomes 
(mortality, neurological disorders, impaired psycho-
motor development or delayed mental development) 
in 92% of children born between gestational weeks 
23 and 24, 64% of babies delivered at the 25th week, 
and in 35% and 18% of those from the 26th and 27th 
week of pregnancy, respectively. Therefore, contrary 
to our findings, this study unambiguously confirmed 

Gestational 
age

Perinatal status 
of a child

Birth weight

Time 
at incubator

Gender

Highrisk 
pregnancy

Singleton – twin 

Final 
Apgar score

FM e

Figure 10. Model illustrating the influence of biomedical predictors on the FM 
scores.

Table 8

Significance of the standardized regression coefficients describing the influence of eight analyzed biomedical 
predictors on the FM scores

Parameter Value 95% confidence interval Significance

Lower limit Upper limit

Perinatal status of a child 0.036 –0.227 0.341 0.849

Birth weight 0.376 0.009 0.724 0.043*

Final Apgar score –0.303 –0.668 –0.009 0.045*

Time in incubator –0.001 –0.426 0.365 0.912

Gender –0.128 –0.298 0.091 0.276

Singleton – twin 0.101 –0.159 0.335 0.485

Gestational age 0.046 –0.446 0.495 0.914

Highrisk pregnancy –0.127 –0.324 0.066 0.195

R2 0.163 0.078 0.540 0.012
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Table 9

Significance of the standardized regression coefficients describing the influence of eight analyzed biomedical 
predictors on the GM scores

Parameter Value 95% confidence interval Significance

Lower limit Upper limit

Perinatal status of a child –0.003 –0.275 0.284 0.920

Birth weight 0.068 –0.304 0.597 0.698

Final Apgar score 0.317 –0.037 0.747 0.079A

Time in incubator 0.123 –0.176 0.563 0.372

Gender 0.016 –0.217 0.238 0.863

Singleton – twin 0.134 –0.109 0.362 0.317

Gestational age 0.188 –0.334 0.688 0.479

Highrisk pregnancy –0.026 –0.285 0.174 0.695

R2 0.203 0.116 0.535 0.002

the influence of gestational age on the psychomotor 
development of preterm infants.

Also birth weight constitutes a prognostic factor 
of the psychomotor development of preterm children 
during infancy and the peri-kindergarten period 
(Stoelhorst et al., 2003), and determines their intel-
lectual and motor development (e.g. Dezoete, MacAr-
thur & Tuck, 2003), and IQ at older age (Bhutta et 
al., 2002, after: Sondaar et al., 2008). Many previous 
studies have dealt with the development of children  
with VLBW (e.g. Lan-Wang, Shan-Tair & Chao-Ching, 
2008; Addison et al., 2009; Datar & Jacknowitz, 
2009), or ELBW (e.g. Hack et al., 2000; Anderson et 
al., 2010; Kilbride, Thorstad & Daily, 2004; Laptook, 
O’Shea, Shankaran & Bhaskar, 2005; Gidley Larson 
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Figure 11. Model illustrating the influence of biomedical predictors on the GM scores.

et al., 2011). About 50% of children with VLBW show 
at least one deficit related to cognitive and motor 
spheres (Kmita, 2003). A study of 25 preterm babies 
born with ELBW (< 801 g) and 25 full-term children 
with normal birth weight, examined at 3 and 5 years 
of age, revealed that their motor development was 
determined by the term of birth and the presence of 
prematurity-associated complications, while the de-
velopment of cognitive and language functions was 
also modulated by the socioeconomic status of their 
families (Kilbride et al., 2004). Also our study con-
firmed this relationship, showing that higher birth 
weight is associated with a higher level of fine motor 
skills of preterm children, as well as with better cog-
nitive functioning during early childhood.
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When analyzing the influence of perinatal vari-
ables on the psychomotor development of a  child, 
one cannot forget about the combined effects of birth 
weight and gestational age. Many previous studies 
revealed that gestational age below 32 weeks and 
birth weight corresponding to VLBW modulate the 
risk of neurological disorders, and especially cerebral 
palsy and mental impairment (van Kessel-Feddema  
et al., 2007). Preterm newborns with birth weight in 
the range 501-1000 g, born before the 25th week of 
gestation, represent a  risk group of developmental 
delay (Hintz et al., 2005; Laptook et al., 2005; An-
derson et al., 2010). The relationship between birth 
weight or gestational age and Mental Development 
Index (MDI) scores determined with BSID is present-
ed in Tables 10 and 11, respectively.

Also according to Addison et al. (2009), birth weight 
corresponding to VLBW is associated with MDI and 
Psychomotor Development Index (PDI) scores be-
low 70 points. We observed a significant association  
(p < 0.01) between MDI score below 70 points, gesta-
tional age of 25 weeks (range 23-29 weeks) and mean 
birth weight of 550 g (range 406-1439 g). 

Postnatal status determines survival and further 
development of a  child. Factors that can potential-
ly cause developmental delay include clinical con-
ditions resulting from preterm birth, such as bron-
chopulmonary dysplasia (Stoelhorst et al., 2003; van 
Kessel-Feddema et al., 2007), administration of corti-
costeroids, and low Apgar and SGA scores (van Kes-
sel-Feddema et al., 2007). Our statistical analysis con-
firmed a significant association between Apgar score 
and motor development of preterm infants, with re-
gards to both fine and gross motor skills. Previous 
studies showed that children with a history of peri-

natal hypoxia may show abnormalities of psychomo-
tor development also at older ages, corresponding to 
complete development of the brain (about 7-8 years 
of age) (Bałanda-Bałdyga et al., 2009); spastic upper 
limb hemiplegia and impairment of mental develop-
ment can be observed in such cases (Kornacka, 2000). 
Although severe cerebral injuries have long-term 
consequences for linguistic development, a preterm 
baby raised in a family characterized by high status 
will more likely develop normal language skills (Luu 
et al., 2009); this fact emphasizes the compensatory 
abilities of parents.

Perinatal parameters constitute another pre-
dictor of future development. Although we did not 
verify the role of these factors, their effect has been 
confirmed by several other authors. A Dutch study  
(Rijken, Wit, le Cessie & Veen, 2007) of 160 babies 
born before gestational week 32 (82% of survivors 
from the whole population) revealed that irrespective 
of child’s gender, body height and weight and BMI 
determined at the age of two years were below refer-
ence values defined by the Dutch growth charts. Also 
intrauterine growth restriction affected all anthropo-
metric parameters determined in preterm children at 
the age of two years. Although most preterm new-
borns have birth weight adequate for their gestation-
al age, some of them are too small (body length below 
the 10th percentile). Such children should be analyzed 
as a separate category since they are at risk of vari-
ous prematurity-related complications (Mulder et al., 
2009). Delayed growth (manifested by too low body 
length and/or weight) is also associated with abnor-
mal neurological findings, smaller circumference of 
the head, and mental and psychomotor delay. More-
over, some authors have concluded that neurological 

Table 10 

Relationship between birth weight and MDI score < 70 points at 20 months of corrected age (based on Hack  
et al., 2000)

500599 g 
(n = 12)

600699 g 
(n = 31)

700799 g 
(n = 52)

800899 g 
(n = 57)

900999 g 
(n = 68)

MDI < 70 67% 45% 42% 35% 41%

Neurological 
disorders

35% 29% 14% 14% 25%

Table 11

Relationship between gestational age and MDI score < 70 points at 20 months of corrected age (based on Hack 
et al., 2000)

23rd week 
(n = 8)

24th week 
(n = 21)

25th week 
(n = 42)

26th week 
(n = 55)

27th week 
(n = 43)

28th week 
(n = 24)

MDI < 70 38% 48% 45% 53% 42% 17%

Neurological 
disorders

0% 38% 24% 20% 21% 13%
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development can be determined by head circumfer-
ence (Rijken et al., 2007). According to most research-
ers, both body height and body weight of preterm-
born children are smaller, especially in neonates with 
low birth weight; nevertheless, growth acceleration 
is reported in some children, most commonly during 
the first year of life. The intrauterine environment 
(location of fetus, availability of nutrients and mater-
nal antibodies) and conditions during the perinatal 
period (such as hypoxia and ischemia) can be reflect-
ed by differences in the anthropometric parameters 
of monozygotic twins, evident since the early min-
utes of their postnatal life (Rostowski, 2010). A longi-
tudinal twin study conducted by Gomółka-Walaszek 
and Walaszek (2008) showed that perinatal charac-
teristics, i.e. gestational age, birth weight, sequence 
of delivery, and time between delivering the first and 
the second twin, modulate postnatal development 
and psychophysical conditions of infants. However, 
it is important from a psychological viewpoint that 
these differences can be neutralized by proper stimu-
lation and “caregiver resources” (Gomółka-Walaszek 
& Walaszek, 2008). The study by Yudin et al. (2001, 
after: Gomółka-Walaszek & Walaszek, 2008), includ-
ing a group of 364 babies with birth weight < 1250 g, 
did not confirm the influence of factors related to 
multiple delivery (including birth weight, maturity, 
periventricular and intraventricular bleeding, chron-
ic pulmonary conditions, or the socioeconomic status 
of parents) on cognitive development.

conclusions

The conducted data analysis indicates that the subjec-
tive assessment of sexual life is related to the assess-
ment of marital relation on the scale of emotional ex-
pression and relation coherence. No relation between 
sexual activity and sexual life with the assessment of 
the quality of marital relation was proved. However, 
the assessment of sexual life is related significantly 
to the assessment of the quality of marital relation.
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