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AbstrAct: In the literature there are no unequivocal assessments of the effect of paternal age on the risk of 
cerebral palsy (CP). The objective of the studies was the analysis of the influence of paternal age on this 
risk, considering all the important risk factors and division into singleton and twin, as well as term- and 
preterm-born infants. The inquiry included a group of 278 children with cerebral palsy from selected edu-
cation-therapeutic institutions in Poland. The control group consisted of the data from medical records of 
435 neonates born in God’s Mercy Hospital in Limanowa, Poland. The data were based on a questionnaire 
designed to obtain information which would make it possible to ascertain the probable etiological factors. 
Constructed models of logistic regression were used in statistical analysis. The results were presented as 
the odds ratio (OR) with 95% confidence interval (CI). Though the estimation with a complex model of 
logistic regression showed no significant effect of paternal age on the occurrence of cerebral palsy, it con-
firmed it as a stronger predictor compared to maternal age. Disregarding paternal of age while considering 
maternal age and other risk factors may lead to a bias in the estimations of the risk cerebral palsy.
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Introduction

Cerebral palsy includes various, non-pro-
gressive, kinds of motor impairment and 
posture disorders, combined with other 
symptoms of permanent brain damage at 
early development stages (Novotny 1993; 
Rosenbaum et al. 2007). It is not a definite 
syndrome, but a set of pathological symp-
toms which are etiologically and clinically 
diverse; hence it is difficult to determine 
its frequency. Literature data show that 
the rate of cerebral palsy ranges from 1 to 

even 5 per 1000 live born children (Kiely 
et al. 1981; Johnson and Catterson 1988; 
Platt and Pharoah 1995; Colver 2000; Jóź-
wiak 2001; Kwolek et al. 2001; Zgorzale-
wicz et al. 2001; Lin 2003; Jacobsson et 
al. 2004; Koman et al. 2004;; Sankar and 
Mundkur 2005; Blair and Watson 2006; 
Bober and Kobel-Buys 2006; Korzeniews-
ki 2006; Thorngren-Jerneck and Herbst 
2006; Robertson et al. 2007; Öztürk et al. 
2007; Schaefer 2008; Baxter 2009; Selier 
et al. 2010; Wu et al. 2010; Milewska et 
al. 2011; Reid et al. 2011). This makes 
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it the most frequent reason for motor 
disability and the second most frequent 
(next to intellectual disturbances) reason 
for neurodevelopmental disturbances in 
children (Michalska et al. 2012).

The underlying pathophysiological 
mechanisms are heterogenous and still 
incompletely known which is the main 
reason for continuous search for inde-
pendent factors which favor the occur-
rence of cerebral palsy (Sternal et al. 
2011). In our opinion the role of father 
in the etiopathogenesis of cerebral palsy 
should be considered as one of potential 
factors responsible for the condition.

According to Fletcher and Foley 
(Fletcher and Foley 1993) father’s elder-
ly age may be associated with the dyski-
netic form of cerebral palsy and hemiple-
gia which, as pointed out by the authors, 
may be an effect of a dominant mutation. 
This is no doubt associated with pater-
nal age at the moment of fertilization, 
and the effect of age on the formation 
and maturation of spermatozoa. Sper-
matogenesis is a short-lasting process 
and occurs successively; spermatozoa 
do not age, but with age the production 
of male gametes poses a risk of a higher 
number of errors and thus of mutations 
in the spermatozoa. With age, the DNA 
information in the spermatozoa becomes 
increasingly unstable, their morphology 
and total count change, the semen vol-
ume and the sperm viability decrease. 
This is also associated with the effect of 
long-lasting stress, inappropriate mal-
nutrition or lifestyle of the male parent 
(Carothers et al. 1986; Fletcher and Fo-
ley 1993; Auger et al. 2001; Slama et al. 
2005; Reichman and Teitler 2006; Zhu 
et al. 2008; Johnson et al. 2012; Schnek-
enberg et al. 2015). Clinical studies re-
vealed that late fatherhood implied a 
higher risk of de novo mutations; their 

proportion increased by 4.28 % per year, 
and their number doubled every 16.5 
years of the man’s lifetime (Schneken-
berg et al. 2015).

To date it was shown that father’s el-
derly age was associated with low birth 
weight, preterm births, osteogenesis im-
perfecta (OI), achondroplasia, thanato-
phoric dysplasia, Apert, Marfan, Pfeiffer 
and Crouzon syndromes, autism, epi-
lepsy, schizophrenia, multiple endocrine 
type 2A and type 2B, childhood cancer, 
congenital malformations, as well as 
spontaneous abortions (Carothers et al. 
1986; Fletcher and Foley 1993; Auger et 
al. 2001; Slama et al. 2005; Reichman and 
Teitler 2006; Zhu et al. 2008; Johnson et 
al. 2012; Schnekenberg et al. 2015).

As far as we know, there is no infor-
mation in the literature on the influence 
of the age of teenage fathers on the occur-
rence of cerebral palsy in their offspring.

Material and Methods
The study included a group of 278 chil-
dren with diagnosed cerebral palsy, born 
in 1976–2010, and frequenting educa-
tion-therapeutic centers in Poland. The 
questionnaire was filled by the mothers 
of the children with cerebral palsy or, in 
the absence of such possibility, by the 
persons most involved in the care of the 
disabled child. The data were collected in 
40 Polish institutions dealing with chil-
dren with cerebral palsy.

This paper presents only a fragment of 
extensive studies aimed at identifying in-
dependent risk factors for cerebral palsy 
among demographic, antenatal, perinatal 
and neonatal factors. For this purpose the 
questionnaire was divided in three parts. 
Since an important part in the etiology of 
cerebral palsy is played by the factors that 
are active during gestation and childbirth, 
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the first part included medical, family and 
obstetric record of the mother, it also in-
cluded questions about childbirth, preg-
nancy, gynecological disturbances, as well 
as information on the child’s father. The 
second part contained questions pertain-
ing to medical and anthropological infor-
mation, as well as to the occurrence of 
accompanying disturbances and child’s 
diseases. The last part included environ-
mental diagnose pertaining to the family 
structure, address, education level and 
profession of the parents and the moth-
er’s material situation during pregnancy.

Cases of acquired cerebral palsy, 
congenital hydrocephalia, genetic syn-
dromes (Arnold-Chiari malformation, 
Dandy-Walker syndrome) and congenital 
microcephalia were excluded from the 
analysis.

The control group included data from 
the medical records of 435 neonates born 
without congenital defects, genetic syn-
dromes, metabolic diseases or other he-
reditary diseases, in 1990–2010 in God’s 
Mercy Hospital in Limanowa, Poland. 
The data on the mothers and neonates 
were based on the available medical re-
cord (hospital information card, nursing 
care card, obstetric care card, neonate 
card – information on parents and neo-
nate’s condition).

It follows from epidemiological stud-
ies that the etiology of cerebral palsy 
differs between preterm- and term-born 
neonates, and between neonates from 
singleton and twin pregnancies. Thus 
in order to obtain a reliable assessment 
of the risk of cerebral palsy the material 
was divided into categories according to 
singleton and twin, term (≥37 week) and 
preterm (<37 week) births (Table 1).

In the studies we used the assump-
tion that the main predictors of cerebral 
palsy were gestational age, as well as sin-

gleton vs. twin pregnancy. Accordingly, 
all the research procedure was aimed at 
showing that the risk factors of cerebral 
palsy differed depending on the category 
of gestational age. Consequently, the pro-
posed models estimating the risk should 
be different. The categories distinguished 
in the material considering singleton, 
twin, term and preterm births differ sig-
nificantly in the etiopathogenesis of ce-
rebral palsy. Thus the initial assumption 
was an existence of variables which dif-
ferentiate between the above-mentioned 
categories. The planned univariate analy-
ses, using such variables as birth weight, 
birth length, gestational age, birth order 
and sex, were aimed at comparative char-
acteristics of children from the cerebral 
palsy group and the control group with-
in the categories, and at identifying the 
variables which, once included into logis-
tic regression models, served as accom-
panying variables and controlled the cor-
rectness of statistical conclusions.

Several logistic regression models 
were proposed to assess the probability 
of occurrence of cerebral palsy depending 
on the category and co-occurring accom-
panying variables:
 – simple model determining the prob-

ability ratio of cerebral palsy depend-

Table 1. Numbers of children with cerebral palsy 
and in control group in the categories adopted 
in the analysis

Category N
All children 713
Singleton pregnancies 669
Twin pregnancies 44
Term births 548
Term singleton births 527
Term twin births 21
Preterm births 165
Preterm singleton births 142
Preterm twin births 23
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ing on the studied factors in each cat-
egory,

 – adjusted model considering the effect 
of the accompanying variables deter-
mined in univariate analysis,

 – complete model which, besides the 
accompanying variables and signifi-
cant risk factors, considered also the 
effect of paternal and maternal age 
(in order to estimate independent in-
fluence of maternal and paternal age 
depending on the studied factors and 
category).
In order to reduce the probability of oc-

currence of augmented matrix the studies 
considered also logistic regression mod-
els constructed with and without data ag-
gregation. Furthermore, considering the 
possibility of skewness of accompanying 
variables, we also used a regression mod-
el with transformed variables.

In each logistic regression model, 
in order to more precisely estimate the 
odds ratio, we used parameterization of 
the father’s age variable with the separa-
tion of the reference group against which 
we assessed the risk of cerebral palsy. We 
categorized the variable in four variants: 
≤20 years, 30–34 years, 35–39 years, ≥40 
years, with the group of 21–29 years 
serving as a reference group.

For the ultimate assessment of inde-
pendent factors of risk of cerebral pal-
sy, we used logistic regression model 
considering all the demographic factors 
which were significant in multivariate 
statistics: demographic, antenatal, peri-
natal and neonatal, and also significant 
accompanying variables.

The analysis was performer using 
STATISTICA 12.5 program. The compar-
ative characteristics of the group of chil-
dren with cerebral palsy and the control 
group were made using the Mann-Whit-
ney test, Student t-test (for quantitative 

date) and Chi-square test (for qualitative 
date). A p-value of less than 0.05 was se-
lected as statistically significant.

The variables, which differentiated 
between the group with cerebral pal-
sy and control group, and in univariate 
analyses proved to be statistically signifi-
cant, were included in the principal com-
ponent analysis. This made it possible 
to identify non-correlated accompanying 
variables which were included in further 
multivariate analyses.

The odds ratio was calculated to as-
certain the dependence between the 
studied variables and the prevalence of 
cerebral palsy. The OR values were given 
with 95% confidence interval (CI), the 
significance level being p for the Wald 
Chi-square test. The data fit of the mod-
el was expressed using Cox-Snell and 
Nagelkerke coefficients, and Hosmer-Le-
meshow test.

Results
The univariate analysis showed that in 
the category of all children and the cate-
gory of children from singleton pregnan-
cies, the variables birth weight and birth 
length, birth order and gestational age, 
differed significantly between the chil-
dren with cerebral palsy and those from 
the control group. Within the category 
of children from twin pregnancies, sex, 
birth order and gestational age, differed 
significantly between the children with 
cerebral palsy and those from the control 
group (Table 2).

Within the category of children from 
term and singleton term births, the vari-
ables birth length, birth weight and birth 
order, differed significantly between the 
children with cerebral palsy and the con-
trol group. Among the children from 
term twin births, the significantly differ-
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entiating factors were sex and birth order 
(Table 3).

In the categories of children from 
preterm births and from preterm single-
ton births, the variables birth weight and 
birth length significantly differentiated 
between the children with cerebral pal-

sy and the control group. In the category 
of children from preterm twin births no 
variable was statistically significant (Ta-
ble 4).

Following principal component anal-
ysis, birth weight and birth order were 
included in logistic regression models as 

Table 2. Comparative characteristics of all children from experimental and control group and separately for 
singleton and twin pregnancies

All children
 Variable Children with cerebral palsy

N = 278
Control group

N = 435
p

 Sex m/f 152/126 219/216 NS
 Birth weight (g) 440.0–5600.0

2554.9±997.2
1290.0–5170.0
3367.1±552.0

<0.001

 Birth length (cm) 20–65
50.0±7.2

41–63
54.8±3.1

<0.001

 Birth order 1–9
2.0±1.3

1–15
2.6±1.8

<0.001

 Gestational age (weeks) <37 
 Gestational age (weeks) ≥37 

126
151

39
396

<0.001

Singleton pregnancies
 Variable Children with cerebral palsy

N = 250
Control group

N = 419
p

 Sex m/f 136/114 217/202 NS
 Birth weight (g) 440.0–5600.0

2615.2±1005.6
1430.0–5170.0

3403.87±514.07
<0.001

 Birth length (cm) 20–65
50.3±7.12

45–63
54.9±2.9

<0.001

 Birth order 1–9
2.0±1.3

1–15
2.6±1.8

<0.001

 Gestational age (weeks) <37 
 Gestational age (weeks) ≥37 

106
141

35
381

<0.001

Twin pregnancies
 Variable Children with cerebral palsy

N = 28
Control group

N = 16
p

 Sex m/f 16/12 2/14 <0.01
 Birth weight (g) 830.0–3750.0

2025.7±745.4
1290.0–3230.0
2403.1±650.4

NS

 Birth length (cm) 33–63
47.4±7.0

41–56
49.9±4.4

NS

 Birth order 1–4
1.8±1.0

1–5
2.6±1.5

<0.05

 Gestational age (weeks) <37 
 Gestational age (weeks) ≥37 

20
8

4
12

<0.01

Data expressed as number in category, range or mean, standard deviation, p from Student t-test, Mann-Whit-
ney U-test or Chi-square test, NS-non-significant.
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accompanying variables (controlling sta-
tistical conclusions) in the category of all 
children, children from singleton, term 
and singleton term births. In the catego-
ry of children from preterm and preterm 
singleton births, only birth weight was 
considered. In the categories of children 
from twin, term twin and preterm twin 
births no accompanying variables were 
identified since the categories were too 
small for the estimate with the maxi-
mum likelihood method for logistic re-
gression models.

The mean age of fathers in the group 
of children with cerebral palsy was 30.1 
years and in the control group 31.2 years. 
In the group of children with cerebral pal-
sy 2% of fathers were aged ≤20 years and 
18.3% ≥ 35 years. In the control group 
only 0.5% of fathers were aged ≤20 years, 
and 24.8% ≥ 35 years. The limiting factor 
in the analysis was the lack of informa-
tion on paternal age in 14.2% of cases in 
the group of children with cerebral palsy 
and in 5.8% of cases in the control group.

Table 3. Comparative characteristics of children from term, singleton term and twin term births from ex-
perimental and control group

Term births
 Variable Children with cerebral palsy 

N = 152
Control group 

N = 396
p

 Sex m/f 86/66 203/193 NS
 Birth weight (g) 2180.0–5600.0 

3307.4 ±540.3
1480.0–5170.0 
3453.3±472.5

<0.01

 Birth length (cm) 35–63 
54.3±3.9

46–63 
55.2±2.7

<0.05

 Birth order 1–9 
1.9±1.2

1–5 
2.6±1.5

<0.001

Singleton term births
 Variable Children with cerebral palsy 

N = 143
Control group 

N = 384
p

 Sex m/f 80/63 201/183 NS
 Birth weight (g) 2225.0–5600.0 

3339.7±529.7
2050.0–5170.0 
3479.3±446.3

<0.01

 Birth length (cm) 35–63 
54.4±3.9

46–63 
55.3±2.6

<0.05

 Birth order 1–9 
1.9±1.2

1–15 
2.6±1.8

<0.001

Twin term births
 Variable Children with cerebral palsy 

N = 9
Control group 

N = 12
p

 Sex m/f 6/3 2/10 <0.05
 Birth weight (g) 2180.0–3750.0 

2801.1±470.9
1480.0–3230.0 
2620.8±548.9

NS

 Birth length (cm) 49–63 
52.9±4.9

47–56 
51.8±2.8

NS

 Birth order 1–4
1.8±0.9

1–5
3.2±1.4

<0.05

Data expressed as number in category, range or mean, standard deviation, p from Student t-test, Mann-Whit-
ney U-test or Chi-square test, NS – non-significant.
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Of all the logistic regression models 
estimating the risk of cerebral palsy for 
demographic factors (including paternal 
age), those adjusted to accompanying 
variables (both with and without data 
aggregation) reproduced the original 
data best.

The studies on the effect of demo-
graphic factors (including paternal age) 
on the occurrence of cerebral palsy for 
all the children from the experimental 
group and the control group showed that 
fathers aged 30–34 years were 45% less 

likely to have child with cerebral palsy 
than fathers aged 21 to 29 years (OR 
0.55, 95% CI: 0.31–0.99). Similar results 
were obtained in the analysis of the effect 
of paternal age in the category of children 
from singleton pregnancies, term births 
and term singleton births. Also in this 
categories fathers aged 30–34 years were 
less likely to have child with cerebral pal-
sy than fathers aged 21 to 29 years (OR 
0.54, 95% CI: 0.29–0.98; OR 0.48, 95% 
CI: 0.24–0.93; OR 0.45, 95% CI: 0.22–
0.90, respectively) (Table 5).The associ-

Table 4. Comparative characteristics of children from preterm, preterm singleton and preterm twin births 
from experimental and control group

Preterm births
 Variable Children with cerebral palsy 

N = 126
Control group 

N = 39
p

 Sex m/f 66/60 16/23 NS
 Birth weight (g) 440.0–4600.0

1644.9±572.8
1290.0–3580.0
2491.3±499.4

<0.001

 Birth length (cm) 20–65
44.5±6.6

41–57
50.2±3.6

<0.001

 Birth order 1–9
2.1±1.4

1–7
2.2±1.3

NS

Singleton preterm births
 Variable Children with cerebral palsy

N = 107
Control group

N = 35
p

 Sex m/f 56/51 16/19 NS
 Birth weight (g) 440.0–4600.0

1642.4±581.0
1430.0–3580.0
2576.0±485.7

<0.001

 Birth length (cm) 20–65
44.5±6.7

45–57
50.8±3.1

<0.001

 Birth order 1–9
2.2±1.5

1–7
2.3±1.3

NS

Twin preterm births
 Variable Children with cerebral palsy 

N = 19
Control group 

N = 4
p

 Sex m/f 10/9 0/4 NS
 Birth weight (g) 830.0–2360.0

1658.4±540.2
1290.0–2300.0
1750.0±502.1

NS

 Birth length (cm) 33–55
44.6±6.4

41–48
44.8±3.8

NS

 Birth order 1–4
1.9±1.1

1
1±0 NS

Data expressed as number in category, range or mean, standard deviation, p from Student t-test, Mann-Whit-
ney U-test or Chi- square test, NS – non-significant.
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ation between paternal age and cerebral 
palsy remained significant, even when 
we controlled for the other demographic 
characteristics (including maternal age).

Using the constructed logit mod-
els we selected potential independent 
variables which had a significant effect 
on the risk of cerebral palsy. Based on 
the set of obtained significant variables 
(among demographic, antenatal, perina-
tal and neonatal factors) an estimation 
was done using the complete model (all 
significant factors adjusted to accompa-
nying variables), to obtain a model which 
would predict the effect of paternal age 
as an independent risk factor of cerebral 
palsy in each category.

Inclusion of paternal age in the ulti-
mate model (combined analysis of signif-
icant demographic, antenatal, perinatal 
and neonatal factors) showed no effect of 
this factor on the prevalence of cerebral 
palsy.

Discussion
Though maternal age is often mentioned 
in the literature on the effect of social-de-
mographic factors on the risk of cerebral 
palsy, there aren’t unequivocal estimates 
of the effect of paternal age on the prob-
ability of the condition. With the tech-
nological development and the advent of 
new techniques of molecular cytogenet-
ics and molecular biology, it has become 
possible to tie paternal age with the oc-
currence of de novo mutations which may 

have causal links to children’s diseases 
or abortions (Carothers et al. 1986; Kad-
otani et al. 2001; Slama et al. 2005; Zhu 
et al. 2008).

It is thought at present that father’s 
elderly age is the reason for a much great-
er number of children’s diseases than 
previously believed, even though their 
probability is relatively small (Carothers 
et al. 1986; Zhu et al. 2008).

The available epidemiological studies 
provide little information on the effect of 
paternal age on the probability of cere-
bral palsy (Fletcher and Foley 1993; Kad-
otani et al. 2001). A few previous studies 
(Fletcher and Foley 1993; Kadotani et al. 
2001) found detrimental effects of ad-
vanced paternal age on cerebral palsy in 
their children, but they didn’t investigate 
association between teenaged fathers 
and cerebral palsy. Whether such associ-
ation occurs is an empirical question that 
has not been explored. Likewise, the per-
tinent literature lacks information on the 
combined effect of paternal and maternal 
age on the risk of cerebral palsy.

In our own studies the inclusion of 
paternal age into the ultimate model 
(combined analysis of significant demo-
graphic, antenatal, perinatal and neona-
tal factors) failed to demonstrate its ef-
fect on the occurrence of cerebral palsy 
in any of the gestational age categories. 
However, testing the effect of paternal 
age with different models, separately for 
demographic, antenatal, perinatal and 
neonatal factors, revealed that paternal 

Table 5. Result of logit model estimations from prevalence of cerebral palsy considering paternal age for 
particular categories

Category Paternal age (years) OR (95% CI) Wald test
All children 30–34 0.55 (0.31–0.97) p = 0.04
Singleton pregnancies 30–34 0.53 (0.31–0.97) p = 0.03
Term births 30–34 0.51 (0.27–0.98) p = 0.04
Singleton term births 30–34 0.48 (0.24–0.93) p = 0.03
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age was a stronger risk factor than ma-
ternal age (even after correction for ma-
ternal age, parents’ material status and 
accompanying variables). The observa-
tions suggest that disregarding paternal 
age while analyzing maternal age and 
other risk factors of cerebral palsy may 
bias the real picture. At the same time it 
seems justified to suppose that the previ-
ous studies, which indicated a significant 
effect of maternal age, may have involved 
a bias of estimators evaluating the risk of 
CP because of disregarding paternal age. 
Further analyses should be aimed at es-
timating the effect of maternal age com-
bined with monitoring paternal age in 
order to reduce the error resulting from 
incorrect estimation.

Our findings that paternal age is in-
dependently and negatively associated 
with the probability of cerebral palsy is 
hard to explain. A number of potential 
mechanisms could have had affect this 
association between paternal age and 
cerebral palsy. Some involve the sample 
size. The sample size underrepresented 
fathers aged younger than 20 years, and 
overrepresented fathers aged 30 to 34 
years, as well as overrepresented chil-
dren with spastic type of cerebral palsy 
(the previous studies indicated a pater-
nal age effect in athetoid/dystonic CP, 
but not in spastic type of cerebral palsy 
(Fletcher and Foley 1993)). Moreover, as 
a limiting factor in this study, it should 
be also mentioned in the method used. 
The authors are aware of the limitations 
of the retrospective method and further 
studies, if possible, should be conducted 
by the prospective method as well. Be-
cause our study was subject to these lim-
itations. It should be replicated and the 
association further explored.

There is also another explanation. Pre-
vious studies (Giblin et al. 1988; Auger 

et al. 2001; Bigelow et al. 1998) revealed 
that some factors related to the sociolog-
ical and lifestyle backgrounds (eg alcohol 
habits) of the men were found to possi-
bly modulate sperm morphogenesis. The 
men who had moderate alcohol habits 
had less sperm defects than those drink-
ing a lot. Maybe men aged 21–29 years 
are at extremely high risk of sperm defect 
owing to greater exposure to harsh living 
condition (higher alcohol consumption). 
This is the only one biologically mean-
ingful explanation for this intriguing re-
sult, which warrants further studies.

The statistical analyses identified birth 
weight and birth order as significant ac-
companying variables which significantly 
changed the values of estimated param-
eters and hence they should be used as 
controlling variables when attempting to 
assess the risk of cerebral palsy.

Furthermore, the multivariate analy-
ses showed that depending on the kind 
of pregnancy (twin, singleton, term, sin-
gleton term, preterm, singleton preterm) 
the risk factors of cerebral palsy vary, so 
models estimating the probability of ce-
rebral palsy should be constructed con-
sidering this fact.

The presented study is the first one 
in Poland to consider the effect of pater-
nal age as potential risk factor of cere-
bral palsy. It demonstrated the need to 
include, besides the basic clinical infor-
mation also paternal age in neuroepide-
miological studies. The future studies 
should consider forms of cerebral palsy. 
We also suggest extending the studies to 
include a greater number of twin preg-
nancies and the health of the male (in-
cluding obesity, drug and alcohol intake) 
as well. The need to focus on this aspect 
of research results from the fact that still 
many pathogenic factors of cerebral palsy 
remain unexplained.
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