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This study was aimed to investigate the characteristics of refractive parameters in premature infants and children aged 3–8 years with mild retinopathy of prematurity (ROP) and to explore the effects of premature delivery and mild ROP on the development of refractive status and ocular optical components. Premature infants who underwent ocular fundus oculi screening in our hospital between January 2009 and February 2011 were included and divided into the ROP group and the non-ROP group. Full-term infants were the controls. The results of the annual ocular examination conducted between 2014 and 2018 were analysed, and the refractive status, optical components, and developmental trends were compared among the three groups. The total follow-up time was 4–5 years. The prevalence of myopia and astigmatism was high in the ROP group (P < 0.05). In the non-ROP group, the prevalence of myopia was also higher than that in the control group. The prevalence of myopia increased with age in the ROP and non-ROP groups, while the prevalence of astigmatism remained unchanged. In the ROP group, the corneal refractive power was the largest, the lens was the thickest and the ocular axis was the shortest; in the control group, the corneal refractive power was the smallest, the lens was the thinnest, and the ocular axis was the longest. These parameters in the non-ROP group were between those in the two groups mentioned above (P < 0.05). The corneal refractive power was relatively stable at 3–8 years old in the three groups. The change in lens thickness was small in both the ROP group and the non-ROP group (P = 0.75, P = 0.06), and the lens became thinner in the control group (P < 0.001). The length of the ocular axis increased in the three groups. Preterm infants are more likely to develop myopia than full-term infants, and children with ROP are more likely to develop both myopia and astigmatism. Thicker lenses were the main cause of the high prevalence of myopia in premature infants with or without ROP.
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Introduction

Foetal retinal vasculature mainly develops in the third trimester. Premature delivery can lead to retinal vascular ischaemia, hypoxia, and hypoplasia, resulting in retinopathy of prematurity (ROP) (1). The survival rate of premature babies worldwide has increased over the years (1, 2), and the prevalence of ROP is also increasing (3). ROP is a main cause of blindness in children worldwide and is a controllable and progressive disease (4). Early screening and treatment of ROP in premature infants can prevent the occurrence and progression of ROP and play a crucial role in protecting children's vision. Currently, the screening for and follow-up of ROP in premature infants are aimed to prevent serious complications such as retinal detachment, retinal folds, and an ectopic macula (1, 5). In addition to the serious eye diseases mentioned above, ROP of different severities can also adversely affect the development of various optical components of the eyes and have a long-term impact on refractive status, leading to an increase in the prevalence of myopia and astigmatism in children with ROP (4, 6). It has been reported that the prevalence of myopia is directly proportional to the severity of ROP (7–9). ROP can increase the prevalence of refractive error. In addition, previous studies on the refractive status of preterm infants without ROP have also revealed that the prevalence of myopia was also greater than that in full-term infants. In these studies, researchers report the status of refractive error and optical components in preterm infants and have indicated that premature delivery and ROP can affect refractive status (10).

Currently, many studies on the refractive status and optical components in preterm infants and ROP children are mostly cross-sectional, and children with the disease at the threshold stage are the main subjects (1, 11). There is a lack of long-term, dynamic follow-up of these patients. Moreover, the pathogenesis of myopia is not yet clear in children with ROP. We conducted a 4- to 5-year follow-up of children with mild ROP and preterm infants, and the refractive status and optical components of these subjects were analysed, aiming to explore the long-term effects of mild ROP and premature birth on refractive status and optical components.



Subjects and methods

Premature infants who underwent ocular fundus screening at the Children's Hospital of Chongqing Medical University between January 2009 and February 2011 were divided into two groups: the ROP group and the non-ROP group. In addition, full-term infants of the same age comprised the control group (gestational age ≥37 weeks or birth weight ≥2,500 g). Subjects had no organic eye diseases (except for ametropia) or family history of severe myopia. We obtained the annual ophthalmologic examination results of patients ages 3–4 to age 8, with a total follow-up of 4–5 years.


Screening for ROP

The first examination was performed at 4–6 weeks after birth or the corrected gestational age of 32 weeks. Staging and partitioning were conducted according to the 1984 diagnostic criteria for ROP (12), and the follow-up was conducted as follows (13): Zone II, stage 1 or 2 lesions without plus lesions, and Zone III, stage 1 or 2 lesions, examination was performed once weekly; for subjects with prethreshold lesions, the ocular fundus was closely monitored once every 2–3 days; for subjects with threshold lesions, laser therapy or cryotherapy was performed within 72 h; for subjects with stage 4 and 5 lesions, surgery was performed. For subjects who had no ROP and no complete vascularization of the peripheral retina, follow-up was performed once every 2–3 weeks until the retina was completely vascularized.



Ophthalmologic examination

All the subjects underwent the first ophthalmological examination at 3 or 4 years old and then underwent an annual ophthalmological examination until 8 years old. The corneal refractive power, corneal curvature, anterior chamber depth (ACD), lens thickness (LT), vitreous thickness (VITR), and ocular axial length (AL) were examined, and retinoscopy was performed under ciliary muscle paralysis.

An autorefractor (autorefractor RK-8100; Topcon, Tokyo, Japan) was used to examine corneal refractive power and corneal curvature. They were measured 3 times, and the mean was calculated.

ACD, LT, VITR and AL were measured with an ocular type A ultrasound instrument (KANGH CAS-2000, China). Measurements were performed 8 times, and the mean was calculated.

Retinoscopy under ciliary muscle paralysis: 1% cyclopentolate eye drops were administered 3–4 times. The absence of pupillary light reflex was indicative of complete cycloplegia. Then, retinoscopy was performed using an ophthalmoscope (YZ24; Six Vision Corp., Suzhou, China) (14, 15).



Data collection and processing

All examinations were performed by specific clinicians. Automatic optometry, eye ultrasonography, drug administration, retinoscopy and data processing were independently performed by 5 clinicians, and each examination was performed by the same clinician in this study. The “triple blind” principle was employed for the subjects, examiner and analyser. The diopter is expressed as the equivalent spherical refraction (SE): SE = spherical refraction + 1/2 cylinder refraction. The distribution of refractive power is expressed as the average refractive power (X) ± standard deviation (SD). Hyperopia was defined as a SE ≥  + 2.00 D, myopia as a SE ≤ −0.50 D, and astigmatism as an absolute cylinder refraction ≥ 1.00 DC (16). The results of each eye were recorded for further analysis.



Statistical analysis

Continuous variables are expressed as the mean ± standard deviation, and categorical variables are expressed as frequencies or percentages. Statistical analysis was performed with SPSS version 26.0. The prevalence of myopia, hyperopia, and astigmatism was compared using the Chi square test or the Fisher's exact test when more than 20% of the theoretical frequency was <5. If a significant difference was observed among the groups, the rates were compared 10 times for subjects of different ages and 3 times for subjects of the same age (α = 0.05/10 = 0.005, α = 0.05/3 = 0.0167).

The means of continuous variables among subjects with the same age in the three groups and in subjects at different ages in each group were compared with one-way analysis of variance. A value of P < 0.05 was considered statistically significant. When a significant difference was noted among the groups, comparisons were performed with the LSD test if homogeneity of variance was present or Tamhane's T2 test if heterogeneity of variance was present.




Results


General characteristics

The first follow-up was performed at 3–4 years old. All subjects underwent an ophthalmological examination and had complete information; they had no organic eye diseases other than ROP, no central nervous or circulatory system diseases, and no family history of severe myopia. ROP patients receiving an intravitreal injection or undergoing laser treatment were also excluded. A total of 132 children were enrolled in the present study. There were 31 subjects in the ROP group, 59 in the non-ROP group, and 42 in the control group. Among the 31 patients with ROP, stage 1 ROP was noted in 17 subjects, stage 2 ROP in 4 subjects, stage 3 ROP in 1 patient and prethreshold stage ROP in 9 subjects, and none had threshold lesions. Among them, 28 patients suffered from ROP in both eyes, and 3 had monocular ROP (1 in the right eye and 2 in the left eye). A total of 132 subjects were followed up for more than 4 years, with an average follow-up time of 4.07 ± 0.92 years. Twenty subjects (7 in the ROP group, 4 in the non-ROP group, and 9 in the control group) were lost to follow-up or had incomplete information. The characteristics of the subjects in each group are shown in Table 1.


TABLE 1 Characteristics of subjects in 3 groups.
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According to the age at follow-up, subjects in each group were divided into 5 subgroups. In the 3–4 years old group, 261 eyes were followed up; in the 5 years old group, 237 eyes were followed up; in the 6 years old group, 245 eyes were followed up; in the 7 years old group, 252 eyes were followed up; and in the 7 years old group, 222 eyes were followed up.



Prevalence of ametropia

Our study was focused on the prevalence of myopia and astigmatism (Table 2). The prevalence of myopia and astigmatism was significantly different among the three groups (P < 0.05). Further analysis showed that only 3 eyes with ROP had myopia in the age 3–4 year group. The prevalence of myopia at 5–8 years old in the ROP group and the non-ROP group was markedly higher than that in the control group (P < 0.0167), but there was no significant difference between the ROP group and the non-ROP group. The prevalence of myopia increased with age in both the ROP group and the non-ROP group, but the prevalence of myopia remained relatively stable (P = 0.107) in the control group. In the ROP group, the prevalence of myopia remained stable at 3–7 years old, but it increased significantly at 8 years old (P < 0.005). In the non-ROP group, the prevalence of myopia remained stable at 3–6 years old, but it increased dramatically at age 7. The increase was the most obvious at age 8, which suggests that the increase in the prevalence of myopia occurred earlier than that in the ROP group. The prevalence of astigmatism was higher in the ROP group than in the non-ROP group (P < 0.0167) or the control group, and there was no significant difference between the non-ROP group and the control group (P > 0.05). There was a marked difference in the prevalence of astigmatism among the three groups. However, the prevalence of astigmatism remained stable with age. The prevalence of hyperopia decreased with age in the same group (P < 0.05), and there was no significant difference in the prevalence of hyperopia among the three groups (P > 0.05). Thus, further analysis was not performed.


TABLE 2 Prevalence of myopia and astigmatism in subjects aged 3–8 years.
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Se and optical components in the three groups

Equivalent spherical refraction (SE): There was no significant difference in SE among the ROP group, the non-ROP group and the control group in subjects of the same age (P > 0.05). As shown in Figure 1A, SE decreased with age in the three groups (P < 0.05). Furthermore, SE remained stable at 3–7 years old (P > 0.05), but it decreased dramatically at 8 years old (P < 0.05).
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FIGURE 1
Change in SE in subjects aged 3-8 years. ROP = retinopathy of prematurity; D = dioptres. * Signiﬁcant differences among the study groups (P < 0.05, one-way analysis of variance, least significant difference).


Mean corneal refractive power: The mean corneal refractive power (CRP) was the smallest in the control group, followed by the non-ROP group, and was the largest in the ROP group (all P < 0.05). In the same group, the mean CRP remained unchanged with age (Table 3, Figure 1A).


TABLE 3 Corneal refractive power, lens thickness, and axial length of subjects at different ages in the three groups.
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Lens thickness (LT): The LT is shown in Figure 2B and Table 3. The results showed that the LT in the non-ROP group and the ROP group was significantly higher than that in the control group, while there was no marked difference in the LT between the ROP group and the non-ROP group (P > 0.05), which remained in subjects of different ages. The LT in the control group became thinner with age (P < 0.001), then started to decrease at the 5 years old, and remained stable at 6–7 years old, but then decreased significantly at 7–8 years old; in both the ROP and control groups, the LT was not affected by age (P > 0.05).
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FIGURE 2
Changes in the optical components at 3–8 years old. (A) Corneal refractive power, (B) lens thickness, (C) ocular axial length, (D) anterior chamber depth, (E) vitreous thickness. ROP = retinopathy of prematurity; MM = millimetre; D = diopter. *P < 0.05 (one-way analysis of variance, least-significant difference).


Ocular axial length(AL): As shown in Figure 2C and Table 3, the AL in the control group was longer than that in the non-ROP group and the ROP group (P < 0.05). There was no significant difference in the AL between the non-ROP group and the ROP group (P > 0.05). The AL increased with age in each group (P < 0.05). Further analysis showed that the AL in the control group increased significantly at the 5 years old, and this increase was reduced at 5–6 years old; thereafter, it began to increase dramatically until 7–8 years old (P < 0.05). The AL in the non-ROP group and the ROP group remained stable at 3–6 years old (P > 0.05) and began to increase at the 7 years old, but there was no significant difference at 7–8 years old (P > 0.05).

Anterior chamber depth and vitreous body thickness: There were no significant differences in the anterior chamber depth or vitreous body thickness among the three groups. In the three groups, the mean anterior chamber depth and vitreous body thickness increased with age (P < 0.05) (Figures 2D,E).




Discussion

Advances in perinatal medicine have improved the survival rate of preterm infants worldwide; 15 million infants are born prematurely each year, and postnatal fundus screening to prevent retinopathy of prematurity (ROP) is receiving increasing attention (17). Premature infants are born with immature eye development. Not only ROP, they are also more likely to develop refractive error, amblyopia, strabismus, and other diseases than full-term infants (6, 7). For severe ROP, treatment modalities such as surgery, laser therapy and anti-vascular endothelial growth factor (VEGF) are improving (18). Early screening allowed for an increasing number of mild ROP cases to be detected. Although mild ROP does not require treatment and tends to spontaneously resolve during the infant period, refractive errors are more common in children with mild ROP than in normal children (8, 19). Ophthalmologic care for preterm infants was focused on infancy, aimed at preventing and treating ROP (17). There was a lack of guidance for long-term ophthalmologic follow-up of preterm infants and children with mild ROP. To investigate the effects of prematurity and ROP on ocular development in children, our team collected ophthalmologic data on children with or without ROP and conducted a 4- to 5-year follow-up study.

In this study, the prevalence of myopia in the ROP group and the non-ROP group was higher than that in the control group, which was consistent with previous studies. In some studies, an increased prevalence of myopia in early childhood in children with ROP was found. In the lower age group (age 3–4) of our study, only children with ROP had myopia (5.08%), while the remaining two groups of children had no myopia, which was higher than the 2.28% prevalence of myopia in children of the same age reported by Wang J (20). Thus, it is considered that ROP could lead to an increased risk of myopia in young children, and previous study by Dikopf MS (1) showed that the severity of ROP, the area of the lesion, and receiving ocular treatment are risk factors. During the follow-up, the prevalence of myopia increased in the ROP and non-ROP groups, with 7.69% in the control group, 27.66% in the ROP group, and 18.18% in the preterm group at the last follow-up (age 8). There was no significant difference between the ROP and non-ROP groups (P > 0.05). In comparison to Zhihao Xie's study (21), the prevalence of myopia among the 8-year-old general population in the same region was 9.6%, which was similar to the prevalence in the control group in our study and lower than that in the ROP and non-ROP groups. The prevalence of myopia in premature children with or without mild ROP in the study by Wang J (7) was significantly higher than that of full-term children, 11% at 7 years old, which was close to the total prevalence of the ROP group and the non-ROP group in our study, which was 12.50% at age 7. It was speculated that not only ROP but also prematurity leads to an increased risk of myopia, which was in line with the findings of a study of preterm infants without ROP conducted by Hsieh CJ (22). Their study also showed that low gestational age and birth weight led to an increased risk of myopia.

We had also done an analysis on astigmatism. The prevalence of astigmatism in the ROP group in our study was higher than that in the non-ROP and control groups. Davitt BV (3, 23) reported that astigmatism formation in children with ROP occurred in early childhood and that laser treatment had a large impact. Compared with the same age group in his study, the prevalence of astigmatism in our study was lower, which might be because the ROP group in our study did not undergo laser photocoagulation. It was considered that, in addition to retinal scarring caused by laser treatment, mild ROP may also lead to an increased prevalence of astigmatism, which is in line with the previous studies (7, 8, 24). During orthokeratology in children, the cornea has a large refractive power and reaches a stable corneal refractive power at age 2 (25, 26). The corneal refractive power (CRP) was stable during the follow-up of our study and was always greatest in the ROP group. The greater the CRP, the steeper the cornea. There was no significant change in the prevalence of astigmatism with increasing age, which was synchronous with the change in CRP, considering that the high incidence of astigmatism in patients with ROP was related to corneal development.

Meanwhile, the refractive status and optical components of these subjects were analysed in our study. There was no statistically difference in spherical refraction (SE) among the three groups, with a significant decrease at the last follow-up (age 8), similar to the findings of a study by Wang (27). In their study, children aged 7–8 years from the same region showed a decrease in SE compared to children aged 3–6 years, which was considered to be related to the progression of emmetropization. In the normal population, the increase in the axial length (AL) was an important reason for the increase in the prevalence of myopia (25, 26). But in our study, the ROP and non-ROP groups have large myopia prevalence with low AL. Which made us think that AL was not the main reason for the high prevalence of myopia or its increased prevalence in the non-ROP and ROP groups. The AL in each group increased significantly (P < 0.05) at the last examination compared to preschool age (3–6 years), which was similar to the study by Mutti (25), which was considered to be related to the decrease in outdoor activities with sufficient light (28, 29). CRP, lens thickness (LT), and AL are determinants of ocular refractive power (26, 30). After 5 years of follow-up, we concluded that the preterm and ROP groups had thick lenses, steep corneas, and short eye axes, which was consistent with those found in previous studies (8, 11, 31). The decrease in LT in normal children was synchronized with the increase in the AL, thus compensating for the refractive changes associated with the increase in AL. The thinner the lens, the lower the refractive power of the lens. Each +1.00 D reduction in lens refractive power compensated for a 0.33 mm increase in AL and buffers −1.00 of myopia (32). If the increase in the AL exceeded the compensation of the lens, it led to the onset of myopia (25, 33). LT decreased with age only in the control group, and the increase in myopia prevalence was considered to be attributed to an imbalance in the development of LT and AL.

The cause of increased LT in ROP and preterm children was unknown. Previous study (11) showed that ROP and prematurity lead to blocked development of the anterior segment of the eye, which affected the process of orthokeratology and refractive status. Another theory was the neuroectodermal hypothesis, which refers to the absence of an anterior segment block leading to an increase in LT due to altered neuroectodermal development in patients with ROP. It has been suggested that ROP lesions are located at the site of the eye with the fastest growth, which in turn limits the growth of the anterior sclera and the preoptic segment (34). Additionally, there was a theory that inadequate temperature or biological stress during corneal growth and development could also lead to developmental blockage of the anterior segment. This developmental abnormality could adversely affect the development of the entire eye (35, 36). In future studies, a visual electrophysiological examination is needed in children with ROP to analyse retinal development in preterm infants in childhood.

In summary, both prematurity and ROP can lead to an increased prevalence of myopia, and ROP can lead to an increased prevalence of astigmatism. In the ROP group and the non-ROP group, children had greater corneal refractive power, thicker lenses, and shorter ocular axes. The larger LT mismatch with the development of the ocular axis may explain the high prevalence of myopia in the children in the two groups mentioned above. A separate analysis of optical components in children with refractive error was lacking in our study and could be added in future studies. For premature infants with or without ROP, a long-term follow-up of the eyes is needed. If refractive error is present, early intervention and correction are warranted to improve long-term visual quality and quality of life.
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