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ABSTRACT
Background and aims: Delay in milestones can be either due to syndromes or due to other non-syndromic causes with risk factors. An 
undoubtedly marked DNA damage occurs in developmental delay due to non-syndromic causes, just as it occurs in chromosomal syndromic 
anomalies leading to delayed development but there is an element of uncertainty whether this damage to the DNA is actually associated with the 
various risk factors that are the  prominent causes for non-syndromic developmental delay or whether it is occurring spontaneously . Hence the 
present study aims to just find out if there is a certain degree of DNA damage associated with the major risk factors that contribute to delayed 
development non-syndromically. However this study does not test the causational role of the risk factors in damaging the DNA. 
Methodology: In this observational study, the DNA damage was assessed in the lymphocytes of 30 clinically diagnosed children with non-
syndromic developmental delay using the comet assay. The levels of DNA damage has been assessed for some of the major risk factors like low 
birth weight, low socioeconomic status, asphyxia, microcephaly, preterm birth and increased duration of hospital stay. The levels of DNA damage 
has also been assessed for the various modes of delivery and with the severity of developmental delay. 
Results: Significantly elevated levels of DNA damage was found only in children with low birth weight ( p<0.001 ), but not among the other risk 
factors (p>0.05), though there were marginal elevations in DNA damage among the other risk factors. 
Conclusion: Non-syndromic risk factors are associated with an underlying genetic basis of DNA damage in attributing to developmental delay
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Introduction 
Development revolves around various domains linked to either motor 
or adaptive skills or language or cognitive fields.  If a child fails to 
achieve the desired milestones in one or more domains then this ensues 
as developmental delay. If the milestones in all the domains are 
delayed in a child the delay is said to be global, which usually occurs in 
children below five years of age (1,2). Hence the study has been carried 
out in children under five years of age.This developmental delay can be 
either syndromic or non-syndromic. It is obvious that there is an 
underlying genetic defect leading to DNA damage in children with 
syndromic anomalies leading to developmental delay. However, in the 
recent past it is also now proven that in developmental delay due to 
other causes that are non-syndromic in origin like perinatal asphyxia, 
neonatal stressors, etc, DNA damage does occur. However it is not 
fully known if it is the risk factors that cause the non-syndromic variety 
of developmental delay that are associated with DNA damage or 
whether the DNA damage just occurs spontaneously without any 
involvement of risk factors(1-3). There are a lot of strand breaks 
occurring sporadically in the neurons that cause DNA damage 
resulting in delayed development, without any syndromic 
manifestations(3). Hence the present study was undertaken to see if the 
major non-syndromic risk factors that caused developmental delay 
were associated with DNA damage or not. Chen et al., had shown that 
majority of the risk factors contributing to developmental delay were 
of non syndromic origin that included prematurity, low birth weight, 
neonatal insults that occurred before, during or after delivery like low 
apgar scores, infantile spasms, severe hyperbilirubinemia, CNS 
lesions like hydrocephalus, intracranial hemorrhage, hypoxic 
encephalopathy, infections, seizures, trauma and idiopathic causes. A 
minor proportion were due to genetic defects with congenital 
anomalies(2). Asphyxia during the perinatal period affects the neurons 
causing them to die and alters the interaction of proteins with ubiquitin 
(4).

 A longer duration of hospital stay for a preterm child in the intensive 
care unit, is directly proportional to the amount of damage imparted to 
the brain of the developing child, because it indirectly indicates that 
some sensory insult had occurred when the child was in the mother's 
uterus that has affected the neural development(5). Microcephaly, 
which is basically a reduction in the circumference of the skull upto 
three times lesser than the mean adjusted deviation from the standard is 

frequently associated with reduced volumes of the brain as a result of 
disturbances in the proliferation of existing neuronal cells and 
impairment in the production of new neuronal cells, thereby attributing 
as a factor for developmental delay(6). Though there a few studies 
pointing out the occurrences of DNA damage in these various risk 
factors, there are hardly any studies highlighting the severity of DNA 
damage in children with these risk factors, especially in the southern 
part of India. Hence in the present study, the levels of DNA damage 
among various risk factors in children with non-syndromic 
developmental delay has been compared, using the comet assay. The 
comet assay is used in this study as it is unique in assessing DNA 
damage when compared to other techniques like PCR, FISH, etc, 
because it is quicker, economical and sensitive(7).

Methodology
After getting approval from the Institute Research Council and 
Institute Human Ethics Committee , this study was carried out in the 
research laboratory in the Department of Anatomy at JIPMER, 
Puducherry, in collaboration with the Paediatrics and Biochemistry 
departments for a duration of 13 months. Since it was an observational 
study, the subjects for the study were selected from the out-patient 
department of Pediatrics. The hospital case sheets of the children were 
viewed and 30 children with development delay, under five years, 
without any evidence of syndromes or dysmorphic features were 
chosen at random and screened for the presence of risk factors. 
Accordingly they were categorized based on the risk factors as shown 
in table 1. The subjects were chosen for the study only after a proper 
written, informed consent was obtained from their parents/guardians.
The sample size of 30 was calculated using the N-masters 
software.The primary variable for assessing the outcome was DNA 
damage. The standard deviation of DNA damage was 5 micrometer in 
a previous study on Down's syndrome (8). We estimated that 28 
patients would be required to detect a mean difference of 3 micrometre 
in DNA damage based on the previous standard deviation. 
Calculations were based on 80% power; α=0.05 and 2 sided 95% 
confidence interval.       
                        
Lymphocytes were separated from the heparinized blood (2ml), that 
was withdrawn under sterile conditions, from the peripheral veins of 
children, by centrifugation method using Histopaque (SIGMA). They 
were then subjected to the comet assay, wherein the buffy coats 
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containing the lymphocytes were removed and the lymphocytes were 
then meshed between two layers of agar gels and subjected to lysis 
using a buffered solution (Nacl,Triton X, EDTA,TRIS ). 
Electrophoresis was carried out in an alkaline medium followed by 
neutralization of slides.The slides were then stained using silver nitrate 
and observed under a light microscope.The images were captured by a 
digital camera and the comet parameters were scored and analysed 
using the Image J image quantification software. The data on clinical 
and socio-demographic parameters such as severity of developmental 
delay, birth weight, duration of hospital stay, presence or absence of 
associated risk factors, age, socioeconomic status, etc were analyzed 
and compared with comet parameters. 

Statistical analysis:
Descriptive and inferential statistics were used to analyze the data. The 
baseline characteristics were analyzed by descriptive statistics. The 
data on the level of comet parameters were expressed as mean with 
standard deviation or median with range whichever was appropriate. 
The tests for normality were applied to check for the Gaussian nature 
of the continuous data. To present the normally distributed data, mean 
with standard deviation was used and for non normal data, median with 
interquartile range was used. The data on subject characteristics such 
as gender, clinical factors, socio-demographic factors, etc which 
represent the categorical data were described using frequencies and 
percentages.The students t-test was used to compare the continuous 
variables between the groups; while the Mann Whitney U test was used 
in case of a non-parametric distribution.All statistical analyses were 
carried out at 5% level of significance and the p value  <0.05 was 
considered significant. The  SPSS software, version 20, was used for 
statistical analysis. The graphs were plotted using Microsoft office 
excel work sheet.

Results 
The distribution of various risk factors among children with non-
syndromic developmental delay is shown in table 1

Table 1: Distribution of risk fsactors among cases

From the above table it is evident that most of the children with non-
syndromic developmental delay were associated with a low birth 
weight .
The comet images with severe DNA damage and moderate DNA 
damage among the children are shown in Fig 1:

Figure   moderate DNA damage (left), severe DNA damage (right)

The comparison of DNA damage among the various factors that 
possibly contribute to non-syndromic developmental delay is shown in 
table 3

Risk factors Children with non-syndromic 
developmental delay (N=30)

n %
Low socioeconomic 
status (SES class IV)

14 46.7

Preterm birth 19 63.3
Low birth weight 
(<2.5kg)

21 70.0

Increased hospital 
stay (>6days)

11 36.7

Microcephaly 12 40.0

Low apgar score (< 3) 14 46.7

DQ < 70 ( severe 
delay )

16 53.3

Table 2: Comparison of comet parameters among various risk factors

Comet parameters

Factors Total comet length Head diameter Comet tail length % of DNA in tail % of DNA in head p value

Low 
socioeconomic 
status

51.91+8.04 29.83+2.91 22.07+7.94 72.77+4.25 34.52+14.11 >0.05

Better 
socioeconomic 
status

50.06+6.99 30.50+4.07 19.56+7.53 70.32+8.73 33.99+14.36

Preterm 52.83+5.99 30.54+3.83 22.29+7.35 71.81+7.90 36.17+12.67 >0.05
Term 47.63+8.75 29.58+3.03 18.05+7.87 70.86+5.41 30.89+16.13
Low birth weight *53.28+4.35 30.10+3.86 *23.17+4.92 71.60+6.33 37.84+12.96 *<0.05,

>0.05

Normal birth 
weight

*45.43+10.21 30.29+2.81 *15.05+10.10 71.14+8.80 25.83+13.30

Increased ICU stay 51.73+8.00 29.60+3.50 22.13+8.49 72.11+7.35 33.65+15.72 >0.05

Decreased ICU 
stay

50.46+7.26 30.53+3.60 19.93+7.31 71.09+6.97 34.58+13.35

Microcephaly 51.67+7.83 29.86+3.08 21.80+7.56 70.46+8.28 38.59+13.64 >0.05

Normocephaly 50.43+7.33 30.41+3.87 20.02+7.92 72.13+6.17 31.34+13.85

Apgar <3 52.41+6.62 30.58+4.16 21.84+6.88 71.51+8.35 37.30+15.73 >0.05

Apgar >3 49.62+8.05 29.85+2.97 19.77+8.44 71.42+5.87 31.56+12.17

DQ<70 52.18+6.91 30.09+3.81 22.09+7.12 71.74+8.30 37.12+12.61 >0.05

DQ >70 49.49+7.99 30.30+3.33 19.18+8.29 71.15+5.45 30.94+15.23

Discussion
It is well known that a low socioeconomic status coupled with a poor 
education among parents can adversely affect their child's 
development(9). The socioeconomic status in this study was assessed 
by using the revised Kuppusamy's scale for children from urban areas 
and by the modified Prasad's scale for those from rural areas. In this 
study, it was found that 46.7% of the cases were from a low 
socioeconomic background. The comet parameters of tail length, total 
comet length and percentage of DNA in tail were slightly higher in 
them, when compared to those cases with a better socioeconomic 
background. This shows that the severity of DNA damage is more in 
children with a poor socioeconomic background that could have 
indirectly contributed to non-syndromic developmental delay

According to I-Chun Chen et al, 55% of children with developmental 
delay were born of a spontaneous normal delivery and 45% of them 
due to caesarean delivery, when they analyzed 1048 Chinese children. 
They inferred that there was no significant difference between the 
modes of delivery in the causation of developmental delay(2). In this 
study, it was found that 36.7% of the cases were born of a normal 
delivery, while 43.3% of them were born of a caesarean section and 
20% with the use of instruments. 

It was found that the levels of DNA damage were higher in those 
children born of a Caesarean section or due to the use of instruments, 
when compared to those born of a normal delivery. Furthermore, it was 
evident that the levels of DNA damage were slightly more in 
instrumental deliveries though these differences were not significant 
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statistically, indicating that the severity of DNA damage is more when 
a child is under a perinatal stress due to abnormal modes of delivery, 
that could also contribute to a delay in development. However, the 
findings in this study are not consistent with the findings of I-Chun 
Chen et al(2), but it would be inaccurate in concluding that the mode of 
delivery has a definitive contributive role in causing DNA damage in 
developmental delay as far as this study is concerned because this 
study has a minimum sample size.

Preterm birth, low birth weight, increased duration of hospital stay and 
microcephaly are known to significantly contribute to non-syndromic 
developmental delay (4,5,6,10). Literature states that the motor 
performance in a child gets reduced to twice or thrice the existing 
levels, if the child is born of a low birth weight accompanied by a lower 
gestational age(2). I-Chun Chen et al had shown in their study that 
children with either a motor or a global delay had a much lower birth 
weight and gestational age compared to children with other kinds of 
delay(2).

In this study, 63.3% of the cases were preterm, 70% were of low birth 
weight and up to 40% of the children had a head circumference below 
thrice the normal deviation of the standard age and 36.7% of the cases 
had a prolonged hospital stay in the intensive care unit for more than 5 
days. On analyzing the comet parameters for these risk factors in our 
study, it was found that all the comet metrics were increased in preterm 
children compared to term children with developmental delay, but the 
strength of significance was weak. This supports the findings stated in 
literature that preterm births cause brain damage and affect 
development, as the brain is more vulnerable to the effects of DNA 
damage due to hypoxic stress(3,5).

A marked increase in the levels of total comet length and tail length 
among cases with a low birth weight, with a good strength of 
significance was seen in this study, indicating that as the birth weight 
reduces, the severity of DNA damage is more. Since, birth weight 
reflects upon the growth status of the child(1), it can be concluded from 
the above results that a poor birth weight adversely affects the child's 
development, and so growth and development are intimately related to 
each other

In the present study, the total comet length and tail length were slightly 
elevated in children with microcephaly when compared to those with a 
normal head circumference. This indicates that the severity of DNA 
damage is more when the diameter of the skull is reduced. These 
findings are supportive of the evidences in literature, which state that 
microcephaly results in a poor volume of the brain accompanied by a 
reduced growth of neurons, that hampers development. The brain in 
turn is more vulnerable to DNA damage (6).

Manoj et al, had shown in their study that children with perinatal 
asphyxia had increased levels of DNA damage when compared to 
normal children. They had shown in their study that the comet 
parameters of tail length and percentage of DNA in tail were 
significantly elevated in severely asphyxiated infants(11). In the 
present study, the cases were classified based on the Apgar score as 
those with severe asphyxia (where the score was below 3 ) and those 
with moderate asphyxia ( if the score was 3 and above). It was found 
that the percentage of DNA in tail, tail length and total comet length 
were slightly elevated in children with severe asphyxia, but the 
elevation was not significant enough. This shows that the severity of 
DNA damage increases with the severity of asphyxia.  Our findings are 
consistent with the findings of Manoj et al. The present study also 
reveals that the severity of DNA damage increases with the duration of 
hospital stay.

Genetic defects have been found in non-syndromic developmental 
delays, and up to 50% of those delays ranging from a moderate to 
severe grade result from a genetic defect (12). The developmental 
quotient was used to grade the severity of delay in this study. Children 
with a DQ between 70 and 85 were grouped as having a less severe 
delay and those with a DQ less than 70 as having severe delay(1). It 
was found in this study that the total comet length, tail length and 
percentage of DNA in tail were increased in children with severe 
developmental delay compared to the less severe ones, though the 
increase was not statistically significant. This finding can have a 
prognostic significance, as early detection of DNA damage can help in 
early intervention and rehabilitative measures. Since DNA damage is 
more severe in children with a low DQ, it also indirectly indicates that 

neuronal growth has been compromised as a result of DNA damage. 

Conclusion
The levels of DNA damage are marginally increased among the 
various risk factors in children with non-syndromic developmental 
delay, though not statistically significant. However, in children with a 
low birth weight, DNA damage is significantly increased. Since birth 
weight directly reflects upon the growth status of the child, this 
severity of DNA damage in low birth weight indicates that growth and 
development are closely related to each other. The small sample size in 
this study is a major limitation of this study, because of which precise 
conclusions cannot be drawn as to whether the other risk factors that 
have slightly increased levels of DNA damage are definitely associated 
in the causation of developmental delay. However, it can be said that 
DNA damage does occur among the various non-syndromic risk 
factors attributing to developmental delay, apart from sporadic causes.
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