
risk of refractive amblyopia and contribute to the devel-
opment of myopia. 5-7 The prevalence of astigmatism can 
vary depending on different criteria, age, and ethnicity; 
it has been reported that the incidence of astigmatism in 
children aged 3-6 years from different ethnic backgrounds 
varies between 4.0% and 44% according to different cri-
teria. 8-13 Although the cause of astigmatism in children is 
not known exactly, many factors including prenatal and 
birth-related factors such as birth weight (BW), gestational 
age (GA), mode of delivery (MOD) and maternal age at 
birth, and other factors such as genetic, nutrition, smoking, 

Introduction 

The preschool period holds unique importance in children’s 
refractive development due to the ongoing development of 
visual systems and the risk of amblyopia due to uncorrect-
ed high ametropia or anisometropia.1 Astigmatism, one of 
the common causes of vision impairment, is an optical de-
fect resulting from the unequal curvature of the refractive 
surfaces of the eye, resulting in blurred images. If it is not 
corrected timely, it may present with a decrease in visual 
quality and regression in visual development. 2,3 Studies 
have shown that uncorrected astigmatism may increase the 
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ABSTRACT

Purpose: To evaluate the effect of mode of delivery (MOD) on refractive errors in preschool children.

Materials and Methods: Ophthalmological examination findings and cycloplegic refraction values ​​of 92 preschool children aged 3 
to 6 years were retrospectively evaluated. Children were divided into two groups: vaginal delivery (VD) and cesarean section (CS). 
Results were compared between groups. 

Results: Of the 92 children with a mean age of 4.7 ± 1.0 included in the study, 50 (54.3%) had a history of VD and 42 (45.7%) had 
a history of CS. The prevalence of myopia (spherical equivalent (SE)-0.50 D or less), hyperopia (SE +2.00 D or more), astigmatism 
(cylindrical power -1.00 D or less) and significant astigmatism (cylindrical power -2.00 D or less) was 14 % (n=7), 42 % (n=21), 70 % 
(n=35) and 8 % (n=4) in the VD group, and 11.9 % (n=5), 2.4% (n=1), 76.2 % (n=32) and 2.4% (n=1) in the CS group, respectively. 
Hyperopia was significantly higher in children with a history of VD (p<0.005). Although children with a history of VD have lower rate 
of astigmatism and a higher rate of significant astigmatism and with-the-rule astigmatism compared to CS, there was no significant 
difference in severity or type of astigmatism between groups (p=0.506, p=0.236, and p=0.353).

Conclusion: Our findings have shown that refractive differences observed in preschool children related to MOD are associated with 
hyperopia rather than astigmatism. Further studies involving larger sample sizes and detailed ocular biometric measurements are needed 
to clarify these associations.
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electronic screen exposure, body mass index (BMI), edu-
cation and socioeconomic level can affect astigmatism in 
childhood. 3,8, 14-18 On the other hand, the distribution of hy-
peropia and myopia can also vary according to age groups; 
some studies report that similar to hyperopia, the incidence 
of myopia decreases with age in preschool children under 
the age of 5 and slightly increases at the ages of 5-6. 19-21

To our knowledge, few studies have investigated the ef-
fect of prenatal and birth-related factors on refractive errors 
during this period. 3, 7, 9 The aim of our study was to eval-
uate the effect of MOD on refractive errors in preschool 
children.

Material and Method

Study Design and Subjects

This cross-sectional study, adhered to the tenets of the Dec-
laration of Helsinki for research involving human subjects, 
was approved by the Ethics Review Committee of Bilkent 
City Hospital and numbered TABED 1-25-1289. Informed 
consent was obtained from each child’s parent. Preschool 
children aged 3 to 6 years with a history of term birth (37 
to 42 weeks) between January 2022 to March 2022 were 
included in the study. Children with severe eye diseases, 
born prematurely (GA<37 week) and without cycloplegic 
examination were excluded. Also, we had no patients with 
strabismus, developmental delay, or neurological disor-
der. Child’s gender, BW, GA, age at examination, delivery 
method (vaginal delivery (VD), cesarean section (CS)) and 
maternal age at birth were recorded based on detailed ques-
tions directed to the families. Children were divided into 
two groups: VD (Group 1) and CS (Group 2). 

Refraction

After a complete ophthalmological examination, cyclople-
gia was achieved in the children included in the study by 
applying two drops of 1% cyclopentolate hydrochloride 
(Sikloplejin, Abdi İbrahim, Turkey) to each eye at 5-10 
minute intervals. Cycloplegic refraction was performed 
using retinoscopy, automated refractometry (Welch Allyn 
SureSight Autorefractor, USA) and autokeratorefractom-
eter (Zeiss Autoref keratometer, Germany).  Examination 
results were recorded as diopters (D). According to the cy-
cloplegic refraction results, myopia was recorded as -0.50 
D or less; hyperopia as +2.00 D or more; astigmatism as 

-1.00 D or less and significant astigmatism as -2.00 D or 
less. Children with astigmatism were divided into three 
types according to the axis position including with-the-rule 
(WTR) astigmatism (plus cylinder axis 90 ± 30°), against-
the rule (ATR) astigmatism (plus cylinder axis 180 ± 30°), 
and oblique (OBL) astigmatism (plus cylinder axis 30° to 
60° or 120° to 150°). 

Statistical Analysis

Statistical Package for the Social Sciences (SPSS Inc., 
Chicago, Illinois, USA) version 25.0 program was used 
for statistical analysis. Descriptive data were presented as 
mean ± standard deviation (SD), and categorical data were 
presented as number (n) and percentage (%). T test was 
used for normally distributed data, and Mann-Whitney U 
test was used for non-normally distributed data. Chi-square 
test was used to analyze categorical data. Statistical signifi-
cance was accepted as a P value of 0.05 or less.

Results 

Characteristics of subjects

Among 92 children, 50 (54.3%) were born by VD and 42 
(45.7%) were born by CS. The mean age of these children 
was 4.6 ± 1.1 years (3 to 6 years) in VD group and the BW 
of 98 % (n=49) of these children was over 2500 grams. In 
the group born CS, the mean age was 4.7 ± 1.0 years (3 to 6 
years) and the BW of 92.9 % (n=39) of these children was 
over 2500 grams. Out of 92 children, 30 (60 %) in the VD 
group and 21 (50 %) in the CS group were female. More-
over, maternal birth age was over 30 in 9 (18 %) and 16 
(38.1%) of the children in group 1 and group 2, respective-
ly. There was no significant difference between the groups 
for age, gender distribution and BW (p=0.485, p=0.336, 
and p=0.228). Children with a history of VD were found to 
have a significantly lower maternal birth age than children 
with CS (p=0.031) (Table 1). 

Refraction and the distribution of astigmatism types

The prevalence of myopia, hyperopia, astigmatism and sig-
nificant astigmatism was 14 % (n=7), 42 % (n=21), 70 % 
(n=35) and 8 % (n=4) in the VD group, and 11.9 % (n=5), 
2.4% (n=1), 76.2 % (n=32) and 2.4% (n=1) in the CS group, 
respectively. While no significant difference was observed 
between the groups in terms of myopic refraction, hypero-
pia was found to be significantly higher in children with a 
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history of VD (p=0.000). Although children with a history 
of VD have lower rate of astigmatism and a higher rate 
of significant astigmatism compared to CS, there was no 
significant difference in astigmatism and significant astig-
matism between children born with VD and CS (p=0.506 
and p=0.236) (Table 1). The distribution of refractive errors 
according to the MOD is shown in Figure 1. The type of 
astigmatism in both groups was predominantly WTR, and 

no significant difference was found between the children 

with a history of VD and CS (p=0.353) (Table 1, Figure 2). 

Moreover, logistic regression analysis revealed that risk 

factors such as gender, BW, maternal age at birth, and 

MOD were not associated with astigmatism (cylindrical 

power ≤ -1.00 D) (β= 1.098, p = 0.827; β= 2.077, p=0.534; 

β= 0.480, p=0.149; and β= 0.486, p=0.099) (Table 2).

Table 1. Demographic data and cycloplegic refraction results of the children

Vaginal Delivery
(Group 1)

(n=50)

Cesarean section 
(Group 2)

(n=42)

P - value

Age at examination (weeks)
Mean ± SD

(Range)
4.6 ± 1.1 

(3-6)
4.7 ± 1.0 

(3-6)
0.485*

Gender 
Female (n, %)
Male (n, %)

30 (60 %)
20 (40 %)

21 (50 %)
21 (50 %)

0.336 *

Birth weight (BW) (g)
     < 2500 g
     ≥ 2500 g

n, %
n, %

1 (2 %)
49 (98 %)

3 (7.1 %)
39 (92.9 %)

0.228*

Maternal age at birth (years)
     < 30 years
     ≥ 30 years

n, %
n, %

41 (82 %)
9 (18 %)

26 (61.9 %)
16 (38.1 %)

0.031*

Myopia
(SE ≤ -0.50 D)

n, % 7 (14 %) 5 (11.9 %) 0.766*

Hyperopia 
(SE ≥ +2.00 D)

n, % 21 (42 %) 1 (2.4%) 0.000*

Astigmatism 
(cylindrical power ≤ -1.00 D)

n, % 35 (70 %) 32 (76.2 %) 0.506*

Significant astigmatism 
(cylindrical power ≤ -2.00 D)

n, % 4 (8%) 1 (2.4%) 0.236*

Type of Astigmatism
     With-the-rule (WTR)
     Against-the rule (ATR)
     Oblique (OBL)

n, %
n, %
n, %

46 (92 %)
3 (6 %)
1 (2 %)

38 (90.5 %)
1 (2.4 %)
3 (7.1 %)

0.353*

SE, spherical equivalent; Bold, statistically significant values are highlighted 
*Chi-square test
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Table 2. Logistic regression analysis of risk factors associated with astigmatism (Cylindrical value ≤ -1.00 D)

β (95 CI) Univariable regression analysis

β (95 CI) p value

Gender 1.098 0.827

Birth weight (g)
     < 2500 g
      ≥ 2500 g

2.077 0.534

Maternal age at birth (years)
     < 30 years
     ≥ 30 years

0.480 0.149

Mode of Delivery
     Vaginal Delivery
     Caesarean section

0.486 0.099

Figure 1. The distribution of refractive errors according to the mode of delivery. Myopia was defined as spherical equivalent 
(SE) ≤ -0.50 D, hyperopia as SE ≥ +2.00 D, astigmatism as cylindrical power ≤ -1.00 D and significant astigmatism as 
cylindrical power ≤ -2.00 D, which was determined by cycloplegic refraction. 
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Discussion

Factors influencing the development of astigmatism in 
children have been investigated, but only a few studies in 
recent years have evaluated the effect of MOD on astigma-
tism in the preschool period.3,7-10 Furthermore, although the 
relationship between MOD and astigmatism is not clear-
ly explained, it has been suggested that some mechanisms 
may contribute to it. These mechanisms can be listed as 1. 
children born with CS, face less stress than children born 
vaginally as a result of less exposure to uterine contrac-
tions, 2. due to the shortening of the transport time through 
the birth canal, children born with CS are exposed to less 
pressure compared to children born vaginally, and therefore 
the pressure applied on the eyes is different and 3. chang-
es in the cornea and lens caused by hormonal fluctuations 
and the difference in the duration of hormonal exposure de-
pending on the MOD. All these reasons may contribute to 
changes in corneal curvature. 3 Isenberg et al. 22 revealed 
that the mean corneal power and astigmatism values are 
high at birth, the frequency of WTR astigmatism is higher 
especially in those born vaginally (p=0.02), and the MOD 
may have an effect on the astigmatic axis. Liu et al.3 found 

that the risk of severe astigmatism (≥2.50 D) in children 
born with CS was 85.28% higher than in children born 
vaginally, and this risk was especially more pronounced in 
elective CS. In a study from China, risk factors affecting 
astigmatic components were investigated and as a result, 
it was stated that while the MOD was not found to be as-
sociated with total astigmatism and internal compensation, 
CS increased the risk of anterior corneal astigmatism more 
than vaginal delivery.7 Another study conducted in China 
revealed that the incidence of astigmatism in children born 
vaginally (34.5%) was lower than in children born via CS 
in the preschool period (37.8%) and there was no signifi-
cant difference in the prevalence of astigmatism between 
birth types (p=0.320). In addition, they also stated that the 
most common type of astigmatism is WTR astigmatism, 
and that children with older maternal age (≥ 35 years) and 
no breastfeeding history are at higher risk of developing 
astigmatism.9

In the current study, although the rate of astigmatism was 
lower and the rate of significant astigmatism was higher in 
children with a history of VD, no statistically significant re-
lationship was found between the MOD and the presence, 

Figure 2. The distribution of astigmatism type according to the mode of delivery. Astigmatism was divided into three types 
according to the axis position: With-the-rule (WTR) astigmatism (plus cylinder axis 90 ± 30°), against-the rule (ATR) 
astigmatism (plus cylinder axis 180 ± 30°), and oblique (OBL) astigmatism (plus cylinder axis 30° to 60° or 120° to 150°). 
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severity, or type of astigmatism in preschool children. The 
inconsistencies between the studies may be explained by 
differences in study design, age range, and outcome mea-
sures (definition and cutoff values ​​used for astigmatism). 
Studies reporting a higher risk of astigmatism after CS 
have generally focused on severe or anterior corneal astig-
matism and included ocular biometric parameters, which 
were not present in this study. Furthermore, while some 
reports emphasize neonatal or early infancy findings, our 
cohort evaluated cycloplegic refractive outcomes in chil-
dren aged 3–6 years. Birth-related effects on corneal shape 
may be transient and may decrease with emmetropization 
in early childhood. Moreover, differences in diagnostic cri-
teria, ethnicity, sample size, and unmeasured confounding 
factors such as genetic and environmental influences may 
have contributed to inconsistent results between studies. 
From this perspective, our study differs from reports sug-
gesting an association between MOD and astigmatism. 3,7, 22 

In addition, similar to the literature 8-10, the type of astigma-
tism in both groups was predominantly WTR astigmatism. 

Starting from the newborn period, physiologically hypero-
pia appears as a more pronounced refractive error. Consid-
ering that VD is a normal process, it may have contributed 
to the emergence of physiological hyperopia. On the other 
hand, although causal inferences cannot be made, several 
hypothetical mechanisms have been proposed to explain 
the higher prevalence of hyperopia in children born vagi-
nally. Transient influences on early refractive development 
or timing of emmetropization can be suggested as potential 
contributing factors.20 However, these mechanisms remain 
speculative and need to be confirmed by longitudinal stud-
ies involving ocular biometric parameters. In the current 
study, the strongest and most statistically significant find-
ing was that hyperopia was significantly more common in 
children born by VD compared to those born by CS.

Logistic regression analysis demonstrated that MOD, ma-
ternal age, BW, and gender were not independent risk fac-
tors for astigmatism, highlighting the multifactorial nature 
of astigmatism development in early childhood. Further-
more, maternal age differed significantly among delivery 
groups and could be a potential confounding factor. Al-
though maternal age was not found to be independently 
associated with astigmatism in regression analysis, its pos-

sible influence on refractive development warrants further 
investigation.  

The major limitations of the study include the small sample 
size, the lack of power analysis, and the absence of ocu-
lar biometric data (e.g., axial length, keratometry), which 
restrict mechanistic interpretation. Retrospective design, 
the difficulty in interpreting the findings due to the limited 
number of risk factors included, and the inability to gener-
alize the results due to it being a cross-sectional study are 
our other limitations.

Conclusion

In conclusion, our findings have shown that refractive dif-
ferences observed in preschool children related to MOD 
are primarily associated with hyperopia rather than astig-
matism. Although differences in the prevalence and sever-
ity of astigmatism were observed between children born 
by VD and CS, these differences did not reach statistical 
significance. Further studies with larger sample sizes and 
detailed ocular biometric measurements are needed to clar-
ify these associations.
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