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Artificial intelligence enhanced 
ophthalmological screening 
in children: insights from a cohort 
study in Lubelskie Voivodeship
Regulski Piotr 1*, Rejdak Robert 2, Niezgódka Marek 3 & Iwański Michał 1

This study aims to investigate the prevalence of visual impairments, such as myopia, hyperopia, 
and astigmatism, among school-age children (7–9 years) in Lubelskie Voivodeship (Republic of 
Poland) and apply artificial intelligence (AI) in the detection of severe ocular diseases. A total of 1049 
participants (1.7% of the total child population in the region) were examined through a combination of 
standardized visual acuity tests, autorefraction, and assessment of fundus images by a convolutional 
neural network (CNN) model. The results from this artificial intelligence (AI) model were juxtaposed 
with assessments conducted by two experienced ophthalmologists to gauge the model’s accuracy. 
The results demonstrated myopia, hyperopia, and astigmatism prevalences of 3.7%, 16.9%, and 7.8%, 
respectively, with myopia showing a significant age-related increase and hyperopia decreasing with 
age. The AI model performance was evaluated using the Dice coefficient, reaching 93.3%, indicating 
that the CNN model was highly accurate. The study underscores the utility of AI in the early detection 
and diagnosis of severe ocular diseases, providing a foundation for future research to improve 
paediatric ophthalmic screening and treatment outcomes.

The increasing prevalence of visual impairments in children, particularly myopia, hyperopia, and astigmatism, 
has become a significant global health concern1–3. Not only can these conditions impede academic achievement, 
but they may also, in severe cases, lead to blindness, underscoring the urgency of early intervention4–6. Timely 
detection and proper management are crucial in mitigating these risks and ensuring the overall well-being of 
children7–9. Early intervention, predicated upon prompt and accurate diagnosis in pediatric cases, is imperative 
for the efficacious implementation of appropriate therapeutic measures.

In recent times, the COVID-19 pandemic has further complicated this scenario. The impact of the outbreak 
per se and its social consequences proved devastating in many respects for children10,11. Long-lasting distance 
learning and reduced physical activities have all contributed to the development of significant negative effects on 
the health of children, particularly vision impairment and eye disorders. This alarming trend underscored the 
need for urgent and effective health measures, including early detection and appropriate preventive strategies. 
Massive screening diagnostic actions should be undertaken to diagnose ocular diseases early and prevent their 
development in children. Screening programs should be undertaken utilizing advanced diagnostic technology 
(including artificial intelligence—AI), which will enable a noninvasive approach and require limited technical 
staff involvement.

However, the application of AI in the diagnostic screening programs of visual disorders among children is 
rarely documented in the literature12. Notwithstanding, the current study focuses on overcoming this disparity 
in through the use of AI-driven approach. In particular, a convolutional neural network (CNN) algorithm is 
deployed for automatic analysis of images captured through a fundus camera. In addition to identifying common 
visual impairments, the study further seeks to detect severe ocular diseases such as glaucoma, diabetic macular 
oedema, and macular degeneration.

The study herein focuses on investigating the prevalence of these visual impairments in school-age children. 
This screening, prospective, cohort study aims to enhance our understanding of these common visual conditions 
and explores the application of innovative technologies to improve the detection and management of severe 
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ocular diseases. The purpose of the study was to assess the prevalence of visual impairments, namely, myopia, 
hyperopia, and astigmatism, in school-age children aged 7–9 years from the Lublin Voivodeship. Furthermore, for 
children diagnosed with these visual impairments, the study aimed to identify the presence or absence of severe 
eye diseases, including glaucoma, diabetic macular oedema, and macular degeneration, using fundus camera 
images and automatic analysis via an AI algorithm based on a convolutional neural networks (CNN). The study 
also intended to contrast the accuracy of the AI algorithm’s assessments with those conducted by two medical 
doctors specializing in ophthalmology. The expected outcome of this study is validation of the accuracy and 
efficiency of AI algorithms in diagnosing severe eye diseases in children, with the potential for such technology 
to supplement or enhance traditional diagnostic methods. This could lead to earlier and more accurate detection 
of severe eye diseases, improving treatment outcomes and quality of life for affected children.

Results
The ophthalmic screening study encompassed children aged 7–9 years who were attending grades 1–3 in primary 
schools. Ten participating schools were randomly chosen to mirror the demographic structure of the voivode-
ship. Of these, five were situated in rural regions, and the remainder were located in urban areas. This selection 
methodology ensured an accurate representation of the child population within the voivodeship. Based on the 
final results of the 2021 National Census, the Lubelskie Voivodeship, as of March 31, 2021, had a population of 
2,052,340 individuals, of whom 51.6% were females and 48.4% were males13. The population of children aged 
7–9 years was reported to be 62,784. Therefore, in this cohort study, a representative 1.7% of the total population 
of children aged 7–9 years from the entire voivodeship was included13.

The study assessed a total of 1058 participants. However, two children were excluded due to challenges 
encountered during the examination, and an additional seven were omitted due to missing sex data in the study 
protocol. Consequently, the final dataset for subsequent analysis included 1049 children, with a nearly balanced 
gender distribution comprising 533 males and 516 females. Of the participants, 360 males and 332 females were 
from urban areas, while 173 males and 184 females originated from rural settings. In the first class, encompass-
ing children approximately 7 years old (± 6 months), there were 177 males (111 urban, 66 rural) and 185 females 
(112 urban, 73 rural). The second class, with children around 8 years old (± 6 months), consisted of 187 male 
(125 urban, 62 rural) and 173 female (112 urban, 61 rural) participants. The second class, with children around 
8 years old (± 6 months), consisted of 187 male (125 urban, 62 rural) and 173 female (112 urban, 61 rural) par-
ticipants. In the study, individuals residing in the rural areas were characterized by a lower socioeconomic status, 
reflecting the socioeconomic disparities often observed between urban and rural populations. Comprehensive 
characteristics of the study population are delineated in Table 1.

The participants underwent examination to evaluate their visual acuity using a Snellen chart. An autorefrac-
tor (Welch Allyn, Baxter International, NY, USA) was employed to measure various parameters, including the 
spherical power (SPH), spherical equivalent refraction (SER), cylindrical power (CYL), axis (α), and the J0 and 
J45 indices. Myopia was characterized for children presenting with an SPH ≤ − 0.75 dioptres (D) in at least one 
eye. Emmetropia was defined within the range of − 0.75 D ≤ SPH <  + 1 D, and hyperopia was attributed to cases 
where the SPH ≥  + 1 D. Astigmatism was diagnosed in instances where CYL ≤ − 1 D or CYL ≥  + 1 D14.

The observed prevalence of myopia, hyperopia, and astigmatism among the children was 3.7%, 16.9%, and 
7.8%, respectively. Notably, the prevalence of myopia exhibited a significant age-related increase, escalating from 
1.9% among first-grade students to 5.8% among third-grade students (χ2 = 7.2306, p = 0.0269). Conversely, the 
prevalence of hyperopia decreased significantly with age, declining from 21.8% in first-grade students to 11.9% 
in third-grade students (χ2 = 12.0886, p = 0.0024). The prevalence of astigmatism was significantly higher in 
urban areas (8.9%) than in rural schools (5.1%) (χ2 = 5.8346, p = 0.0236). However, there were no significant 
correlations between sex, age, and school region and eyeglass usage. Detailed results are enumerated in Table 2.

Parents of the participants completed a questionnaire addressing potential visual impairments, strabismus, 
and amblyopia as observed by them, as well as any history of ophthalmological examinations undertaken by 
their children. Based on their responses, significant variations were observed in perceived visual acuity across 
different grades (χ2 = 8.0172, p = 0.0182). Parents more frequently reported deteriorating vision in older age 
groups. Noteworthy disparities were detected in reports of amblyopia and previous ophthalmological exami-
nations between urban and rural regions (p = 0.0029 and p = 0.0006, respectively). In urban areas, instances of 

Table 1.   Characteristics of the study population.

Sex School location

Class

Total1st (7 yo ± 6 mo) 2nd (8 yo ± 6 mo) 3rd (9 yo ± 6 mo)

Male

Total 177 187 169 533

Urban 111 125 124 360

Rural 66 62 45 173

Female

Total 185 173 158 516

Urban 112 112 108 332

Rural 73 61 50 184

Total 362 360 327 1049



3

Vol.:(0123456789)

Scientific Reports |          (2024) 14:254  | https://doi.org/10.1038/s41598-023-50665-5

www.nature.com/scientificreports/

amblyopia and a history of ophthalmological examinations were reported more frequently than in rural areas. 
Detailed results are listed in Table 3.

The patients were referred to the University Ophthalmology Clinic for extended diagnostics when visual 
acuity (using the Snellen chart) was less than 1.0, when SPH was less than or equal to − 0.75 D or equal to or 
exceeded + 1.0 D, or when the absolute value of CYL exceeded 1.0 D (astigmatism).

In total, 109 participants were subsequently referred for further diagnostics. The examination procedure at 
the clinic included the following steps: the ophthalmologist first evaluated the patients’ distance visual acuity 
using Snellen charts. Next, anterior eye segment assessment was performed via slit-lamp examination. Follow-
ing the application of pupil-dilating drops (cyclopentolate solution), refraction was measured with a stationary 
autorefractometer (VX90, Visionix, USA). Finally, the fundus was examined using a slit lamp, and a fundus 
photograph was captured with an OPTOS California device (Nikon, Japan).

The diagnosis was rendered based on an assessment of the fundus images by two ophthalmologists. The inter-
rater reliability was evaluated using Cohen’s kappa coefficient, demonstrating an excellent level of agreement 
with κ = 1. There were no instances of disagreement between the two ophthalmologists in their evaluations of the 
fundus images; in total, 7 children were diagnosed with optic disc degeneration (drusen). Two one-sided Student’s 
t tests (TOST) were utilized to verify equivalence between the parameters assessed in schools and those assessed 
at the clinic. The results indicated a statistically significant equivalence (p < 0.0001, TOST), suggesting that the 
tests conducted in school settings were equivalent to those performed in a clinical environment.

The AI model predicted the presence of drusen and potential degeneration in seven cases. These predic-
tions were subsequently corroborated by ophthalmologists during clinical examinations of all seven children. 
Therefore, the model was accurate in detecting macular degeneration. In one case, the model predicted diabetic 
retinopathy; however, it was not confirmed in clinical examination. In a broader context, serious pathologies 
were not revealed in either automatic or clinical examinations for 101 children. The Dice coefficient, a statistical 
validation metric demonstrating the predictive accuracy of the model, yielded a high value of 93.3%, attesting 
to the model’s efficiency and reliability in detecting ocular pathologies.

Discussion
This comprehensive ophthalmic screening study among children aged 7–9 years in Lubelskie Voivodeship pro-
vides several notable insights into the prevalence and characteristics of visual impairments in this population. 
The total sample size represented 1.7% of the total population of children in this age group across the region, 
provides a substantial dataset for analysis. This proportion was meticulously chosen to provide a substantial and 
representative dataset for robust analysis, balancing comprehensiveness with logistical feasibility. The selection 
of 1.7% of the population was based on statistical considerations to ensure that the sample size was large enough 
to offer reliable insights while being manageable in terms of resource allocation and study logistics. The study 
utilized a stratified sample selection strategy accounting for the demographic structure of the voivodeship as 
well as the geographical distribution of rural and urban schools. While this design enhances the generalizability 
of the findings, the true representation of the sample could be verified through a comparison of the sample 
demographic characteristics with the larger population data.

The study findings highlight the prevalence of myopia, hyperopia, and astigmatism among the participants. 
In evaluating these conditions our methodology diverged from the conventional use of spherical equivalent 
alone. The spherical equivalent, while commonly employed due to its simplicity, combining both spherical and 

Table 2.   Results of the clinical examination. Significant values are in bold and italics.

Sex Class Location

Male Female p 1st 2nd 3rd p Urban Rural p

Clinical examination

 Myopia 21 (3.9%) 18 (3.5%) 0.7236 7 (1.9%) 13 (3.6%) 19 (5.8%) 0.0269 25 (3.6%) 14 (3.9%) 0.8025

 Hyperopia 86 (16.1%) 91 (17.6%) 0.3045 79 (21.8%) 59 (16.4%) 39 (11.9%) 0.0024 126 (18.2%) 51 (14.3%) 0.1321

 Astigmatism 43 (8.1%) 37 (7.2%) 0.5816 33 (9.1%) 24 (6.7%) 23 (7.1%) 0.4161 62 (8.9%) 18 (5.1%) 0.0236

 Eyeglasses 55 (11.0%) 57 (12.1%) 0.6161 33 (9.9%) 40 (11.8%) 39 (12.8%) 0.4910 81 (11.7%) 31 (11.0%) 0.2307

Table 3.   Results of the questionnaire. Significant values are in bold and italics.

Sex Class Location

Male Female p 1st 2nd 3rd p Urban Rural p

Questionnaire

 Squint 3 (0.6%) 4 (0.8%) 0.6759 3 (0.9%) 1 (0.3%) 3 (0.9%) 0.5246 5 (0.7%) 2 (0.6%) 0.7559

 Amblyopia 105 (20.4%) 102 (19.1%) 0.6535 72 (19.8%) 71 (19.7%) 64 (19.5%) 0.9895 145 (22.1%) 35 (12.7%) 0.0029

 Bed eyesight 51 (9.6%) 67 (12.9%) 0.0817 32 (8.8%) 36 (10.0%) 50 (15.3%) 0.0182 75 (10.8%) 43 (12.4%) 0.5586

 Prior examination 226 (42.4%) 218 (42.3%) 0.9514 141 (37.9%) 152 (44.4%) 151 (44.8%) 0.1455 319 (46.1%) 125 (35.0%) 0.0006
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cylindrical components into a single value, has notable limitations. It can result in different refractive states being 
represented as identical, thereby potentially oversimplifying the individual complexities of refractive errors15. 
Moreover, as emphasized in the work of Galvis et al., relying solely on the spherical equivalent may not be suf-
ficient for accurately defining refractive errors, especially in research settings where detailed assessments are 
crucial16. Therefore, in our study, we incorporated an analysis of both spherical and cylindrical components. This 
comprehensive approach is particularly critical in pediatric populations, where the implications of astigmatic 
components on visual development and ocular health are significant.

According to the data from Hashemi et al.1, the estimated prevalence of myopia, hyperopia, and astigmatism 
in children is reported to be 11.7%, 4.6%, and 14.9%, respectively. In the Bhutan School Sight Survey17, a study 
encompassing 4,985 school children, the researchers discovered a prevalence rate of 6.64% for myopia, 2.17% for 
hyperopia, and 9.75% for astigmatism. In a comprehensive ophthalmic survey conducted by Jrbashyan et al.18, 
a sample of 5944 schoolchildren aged 6–15 years, screened exhibited a 9.7% prevalence of vision impairment 
in at least one eye and a 0.05% incidence of blindness in at least one eye. The study identified myopia as the 
most prevalent refractive error, affecting 60% of the students with vision impairment, followed by astigmatism 
at 33.7%, hyperopia at 29.5%, and strabismus at 3.8%. Regionally, the variation in the prevalence of myopia is 
notable, with Southeast Asia showing a prevalence at 4.9%, lower than that of the Western Pacific region, where 
it climbs to 18.2%. Similarly, for hyperopia, the estimated prevalence varies from a low of 2.2% in Southeast Asia 
to a high of 14.3% in the Americas. Astigmatism demonstrates a similar pattern, with an estimated prevalence 
ranging from 9.8% in Southeast Asia to 27.2% in the Americas2,3,19–21.

The prevalence of myopia and astigmatism in our study was lower than that observed in populations world-
wide; however, the prevalence of hyperopia was higher. The observed age-related increase in myopia and decrease 
in hyperopia prevalence are consistent with trends observed in other paediatric populations worldwide21. This 
suggests that age might be a significant determinant of these conditions. Notably, the prevalence of astigmatism 
was significantly higher in urban areas, highlighting a potential urban‒rural disparity that warrants further 
investigation.

Carlton et al.22 provided comprehensive research on vision screening programs in 46 countries, revealing a 
large variability in study screening protocols. Despite the widespread availability of ’gold standard’ visual acuity 
tests, they are often not used in many vision screening programs. Up to 40% of countries rely solely on Snellen 
tests, and 30% report variations in test usage based on factors such as region and clinician preference. The age 
at which screenings are performed and the tests used also differ widely, and data on the effectiveness of these 
screenings are often lacking or not centrally collected. None of the surveys used AI-based screening22. This 
serves to underscore the significance of our study, which deploys AI-based screening techniques for assessing 
paediatric myopia. In this context, the lifelong aggregation of risk factors, especially during critical phases of 
visual maturation, significantly shapes the trajectories of visual function and contributes to pronounced regional 
disparities in visual impairment. This insight accentuates the urgent need for a more uniform and scientifically 
rigorous approach to vision screening23.

Considering the aforementioned inconsistencies in traditional vision screening programs across various 
countries22, our research introduces a level of standardization and data-driven accuracy that is markedly absent 
in current practices. The integration of AI in vision screening allows more consistent, rapid, and scalable evalu-
ations, potentially leading to earlier detection and intervention strategies. Moreover, our AI-powered approach 
is capable of centrally aggregating data, thereby providing robust metrics for evaluating the efficacy of vision 
screening programs. This marks a paradigm shift in how paediatric ocular health could be monitored globally, 
emphasizing the transformative potential of our study.

The use of AI for detecting visual impairments in children is scarcely represented in the current scientific lit-
erature, primarily due to the small number of extensive and age-specific screening protocols for this population24. 
This void in the literature highlights a pressing need to develop and test advanced diagnostic methods that are 
adapted to young populations6,25,26. The present study addresses this need by implementing a CNN algorithm, 
thereby presenting an innovative approach to paediatric ophthalmic screening. Despite the single instance of 
overprediction where the CNN model identified diabetic retinopathy that was not confirmed by ophthalmolo-
gists, this occurrence should not be disregarded. It could potentially indicate a prediabetic state or an early 
stage of the disease that has not yet manifested in noticeable ocular changes. Given that diabetic retinopathy is 
a known complication of diabetes, this case may underscore the predictive capabilities of the AI model and its 
potential usefulness in preventive medicine. Therefore, we suggest that this child be monitored more closely for 
signs of diabetes development.

Further research in the realm of pediatric ophthalmology necessitates the aggregation of an expansive and 
varied array of pediatric eye condition data. The primary objective of this endeavor is to increase the volume of 
a dataset that is both extensive in quantity and diverse in the pathologies it encompasses. This dataset will serve 
as the foundational training material for developing AI algorithms. The sophistication and efficacy of these algo-
rithms are contingent on the breadth and diversity of the training data, which should include a wide spectrum of 
pediatric ocular pathologies. By training on such a comprehensive dataset, AI models can be refined to become 
more generalizable and precise, thereby enhancing their diagnostic accuracy and utility in diverse clinical sce-
narios. Efforts should also be directed towards the integration of these AI tools into routine pediatric ophthalmic 
practice. This integration involves not only the technical implementation of AI systems into existing clinical 
workflows but also a focus on ensuring that these tools are intuitive and user-friendly for ophthalmologists.

In conclusion, this study provides a comprehensive evaluation of ocular health among children in the Lublin 
voivodeship, underscoring the prevalence of common visual impairments and the potential role of factors such 
as age and geographical location. The findings also highlight the promise of innovative technologies, such as 
AI, in enhancing the diagnosis and management of paediatric ocular conditions. Future research should seek to 
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replicate and extend these findings, exploring the underlying causes of the observed trends and examining the 
long-term impact of these conditions on children’s educational and health outcomes.

Methods
The research pertaining to ophthalmic screening encompassed children within the age range of 7–9 years who 
were attending grades 1–3 in primary education institutions in the Lubelskie Voivodeship (Poland). A total of 
ten schools, selected to mirror the demographic distribution of the voivodeship, were involved in the study. The 
geographical location of these schools was bifurcated such that five were situated in rural settings, while the rest 
were nested in urban environments13. The sample size for this study was determined using a power analysis. 
This was conducted with the specific aim of detecting differences in the incidence of myopia among different age 
groups. Based on an expected effect size, a significance level of 0.05, and a power of 0.80, the minimum required 
sample size was determined to be 100528,29. To account for an estimated dropout rate of 5%, we initially recruited 
1058 children for this study.

The research was carried out from September 2021 to May 2022. In September, the participating schools 
were randomly selected. From November to March, the children underwent ophthalmic examinations at their 
respective schools. Systematic vision screening was conducted in classroom environment to identify children 
with visual impairments, such as myopia, hyperopia, and astigmatism. Standardized visual acuity tests and 
refraction exams were performed by trained optometrists. The subjects participated in an examination to assess 
vision sharpness with the use of a Snellen chart at a test distance of 6 m within well-lit classrooms, optimizing 
conditions for accurate measurements. Trained optometrists administered the test, instructing the children to 
cover one eye at a time and read aloud the letters or symbols from top to bottom. Each line on the Snellen chart 
corresponded to a specific visual acuity level, allowing for a standardized measurement of each child’s visual 
sharpness. The visual parameters, such as SPH, SER, CYL, axis (α), and the J0 and J45 indices, were measured 
utilizing an autorefractor from Welch Allyn for a subsequent examination involving the use of a refractometer 
and fundus examination with an OPTOS California Nikon device. The device’s ultra-wide-field imaging tech-
nology enabled us to capture more than 80% of the retina in a single image, providing a comprehensive view of 
the retinal health. Follow-up examinations for these children were conducted in April and May 2022. A total of 
81% of the referred children reported to the clinic for their appointments.

The prevalence of myopia, hyperopia and astigmatism was calculated. Statistical analysis was performed to 
assess the relationship between these variables and the following parameters: sex, age, and urban/rural area. 
The chi-squared test was employed to compare the following nominal variables between groups: vision defects 
(myopia/emmeropia/hyperopia), astigmatism, wearing glasses. The questionnaire was instrumental in augment-
ing the clinical findings with parental observations and historical information about the children’s eye health. 
Parents were queried on several key aspects: they were asked whether their children had ever been diagnosed 
with specific ocular conditions, such as squint (strabismus) or amblyopia (lazy eye). Additionally, the question-
naire sought information regarding any observable signs of poor eyesight in their children, including behaviours 
like squinting, sitting unusually close to the television, or frequent eye rubbing. Furthermore, to understand 
the continuity and extent of prior medical attention, parents were asked if their child had undergone any eye 
examinations, and if so, the time of these examinations. The chi-squared-test was used in statistical analysis of 
the questionnaire information (squint, amblyopia, bed eyesight, prior examinations).

TOSTs were performed between results obtained at schools and in the clinic with equivalence limits in the 
range − 0.1 to 0.1 and a significance level of α = 0.05. In accordance with the study’s rigorous data integrity 
standards, any participant for whom there was incomplete or missing information in the research protocol was 
excluded from the statistical analysis.

The images of the fundus were analysed using a CNN model specifically designed for this research for the 
automatic detection of diseases such as glaucoma, diabetic macular oedema, and macular degeneration. The 
architecture of the CNN began with a convolution layer followed by a batch normalization layer; its function 
was to standardize the inputs across each layer, thus effectively enhancing the model’s training efficiency and 
augmenting its stability29. Next, a rectified linear unit (ReLU) activation function was applied30.

Subsequently, a second convolution layer followed by a batch normalization layer was employed, sharing the 
same aim as the first, namely, facilitating stabilization of the learning process and expediting the training phase29. 
An activation layer ensued, deploying the ReLU function to inject a nonlinear characteristic into the model31,32. 
This stage was succeeded by a dropout layer strategically designed to randomly nullify a fraction of the input units 
throughout the training process as a countermeasure to overfitting30. The architecture continued with a second 
dense layer, whose purpose was to reduce the input’s dimensionality, thereby refining the network structure.

Furthering the complexity of the network, a third convolution layer followed by a batch normalization layer 
and a second activation layer (ReLU) were incorporated. The network then introduced a second dropout layer, 
sharing the objective of the first, primarily to mitigate 4269 layer, with each neuron representing the classes that 
the model was trained to predict. The entire sequence was then passed through a sigmoid function, providing a 
probabilistic interpretation of the model’s outcomes33 (Fig. 1).

The CNN model was trained on the publicly available ODIR dataset, which contains 5000 images, was 
equipped to diagnose various pathologies, including drusen, glaucoma, and diabetic macular oedema25,34. This 
dataset was partitioned into training (70%), validation (20%), and test (10%) subsets. The rationale behind this 
split is to ensure that the model learns from the most substantial portion of the data (training set) and then uses 
the validation set to fine-tune its parameters and prevent overfitting, while the test set is utilized to evaluate the 
model’s performance on unseen data, offering a realistic measure of its predictive capabilities35.

During each epoch of the training process, the original dataset underwent dynamic augmentation through 
the application of a series of stochastic transformations. This procedure included the rotation of images across 
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a spectrum of angles, varying from minimal to considerable degrees. In addition to rotations, image distortions 
were also introduced, like scale, shifts in the image position (both horizontally and vertically), shearing, and 
zooming. By applying these distortions, the model was trained to identify and understand the relevant features 
of an image even when they were presented in varied proportions or perspectives. The augmentation process 
was performed on-the-fly during the training. This means that in each epoch, the images were transformed in 
a new and randomized manner, significantly expanding the diversity of the training data without the need for 
additional data collection. This approach not only prevented the model from overfitting to the training data but 
also enhanced its ability to generalize to new, unseen data, a crucial factor in the successful deployment of AI 
models in practical applications.

During the training process with the ODIR dataset21,25,34,36, the model accuracy was computed (the ratio of 
correctly predicted observations to the total observations) on both the validation and test sets, yielding a value of 
89.3%. Furthermore, to comprehensively evaluate the performance of the CNN model in the automatic detection 
of diseases such as glaucoma, diabetic macular oedema, and macular degeneration in children, its predictions 
were compared with diagnoses made by ophthalmologists using the Dice coefficient.

The study received approval from the regional research ethics board, specifically the Bioethics Committee at 
Medical University in Lublin, with reference number KM-0254/185/2021 on June 24, 2021. All methods were 
implemented in adherence to the relevant guidelines and regulations and were in compliance with the Declara-
tion of Helsinki. Prior to the commencement of the study, informed consent was obtained from the parents of 
the participating children. The consent form provided detailed information about the study protocol. Ophthal-
mological examinations were performed only on children whose parents had provided signed consent for their 
participation in the study.

The research project entitled "Pilot Program for Myopia Prevention in Children from Grades 1–3 in the 
Lubelskie Voivodeship" was implemented based on a granted targeted subsidy, under Agreement No. MZ/
UML/2021/1206/645 dated August 6, 2021, and Annex No. 1 dated December 29, 2021, and Annex No. 2 dated 
May 9, 2022, concluded between the State Treasury-Minister of Health and the Medical University of Lublin.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.

Received: 26 September 2023; Accepted: 22 December 2023

References
	 1.	 Hashemi, H. et al. Global and regional estimates of prevalence of refractive errors: Systematic review and meta-analysis. J. Curr. 

Ophthalmol. 30, 3–22 (2017).
	 2.	 Grzybowski, A., Kanclerz, P., Tsubota, K., Lanca, C. & Saw, S. M. A review on the epidemiology of myopia in school children 

worldwide. BMC Ophthalmol. 20, 27 (2020).
	 3.	 Xiang, F., He, M. & Morgan, I. G. The impact of parental myopia on myopia in Chinese children: Population-based evidence. 

Optom. Vis. Sci. 89, 1487–1496 (2012).
	 4.	 Flitcroft, D. I. et al. IMI - Defining and classifying myopia: A proposed set of standards for clinical and epidemiologic studies. 

Invest. Ophthalmol. Vis. Sci. 60, M20–M30 (2019).
	 5.	 Wu, P. C., Tsai, C. L., Wu, H. L., Yang, Y. H. & Kuo, H. K. Outdoor activity during class recess reduces myopia onset and progres-

sion in school children. Ophthalmology 120, 1080–1085 (2013).
	 6.	 Varela, M. D. et al. Artificial intelligence in retinal disease: Clinical application, challenges, and future directions. Graefes Arch. 

Clin. Exp. Ophthalmol. 1–15. https://​doi.​org/​10.​1007/​s00417-​023-​06052-x (2023).
	 7.	 Jonas, J. B. et al. IMI prevention of myopia and its progression. Invest. Ophthalmol. Vis. Sci. 62, 6 (2021).
	 8.	 Dong, L., Kang, Y. K., Li, Y., Wei, W. B. & Jonas, J. B. Prevalence and time trends of myopia in children and adolescents in China: 

A systemic review and meta-analysis. Retina 40, 399–411 (2020).
	 9.	 Hsu, C. C. et al. Prevalence and risk factors for myopia in second-grade primary school children in Taipei: A population-based 

study. J. Chin. Med. Assoc. 79, 625–632 (2016).
	10.	 Ambrosino, C., Dai, X., Aguirre, B. A. & Collins, M. E. Pediatric and school-age vision screening in the United States: rationale, 

components, and future directions. Children (Basel) 10, 490 (2023).

Figure 1.   Architecture of the convolutional neural network for automatic diagnosis of retinal pathologies.

https://doi.org/10.1007/s00417-023-06052-x


7

Vol.:(0123456789)

Scientific Reports |          (2024) 14:254  | https://doi.org/10.1038/s41598-023-50665-5

www.nature.com/scientificreports/

	11.	 Ung, L., Jonas, J. B., Lietman, T. M. & Chodosh, J. COVID-19 and the unfinished agenda of VISION 2020. Am. J. Ophthalmol. 224, 
30–35 (2021).

	12.	 Foo, L. L. et al. Is artificial intelligence a solution to the myopia pandemic?. Br. J. Ophthalmol. 105, 741–744 (2021).
	13.	 Urząd Statystyczny w Lublinie/Opracowania Bieżące/Opracowania Sygnalne/Spisy Powszechne. Stan i struktura demograficzna 

ludności oraz liczba budynków i mieszkań w województwie lubelskim—wyniki ostateczne NSP 2021. https://​lublin.​stat.​gov.​pl/​
oprac​owania-​bieza​ce/​oprac​owania-​sygna​lne/​spisy-​powsz​echne/​stan-i-​struk​tura-​demog​rafic​zna-​ludno​sci-​oraz-​liczba-​budyn​kow-
i-​miesz​kan-w-​wojew​odztw​ie-​lubel​skim-​wyniki-​ostat​eczne-​nsp-​2021,3,1.​html (2021).

	14.	 Haensel, J. X. et al. Associations between distance visual acuity and cycloplegic refractive error in children aged 5–9 years. Invest. 
Ophthalmol. Vis. Sci. 63, 1425-F0383 (2022).

	15.	 Taylor, R. et al. Calculating the error in refractive error. Eye 25, 1333–1336 (2011).
	16.	 Galvis, V. et al. Definition of refractive errors for research studies: Spherical equivalent could not be enough. J. Optom. 14, 224–225 

(2021).
	17.	 Sharma, I. P. et al. Visual impairment and refractive error in school children in Bhutan: The findings from the Bhutan School Sight 

Survey (BSSS 2019). PLoS One. 15, e0239117 (2020).
	18.	 Jrbashyan, N. et al. Pattern and prevalence of eye disorders and diseases in school-aged children: Findings from the Nationwide 

School Sight Sampling Survey in Armenia. BMJ Open Ophthalmol 7, e000899 (2021).
	19.	 Xiang, F., He, M. & Morgan, I. G. The impact of severity of parental myopia on myopia in Chinese children. Optom. Vis. Sci. 89, 

884–891 (2012).
	20.	 Zhang, X., Qu, X. & Zhou, X. Association between parental myopia and the risk of myopia in a child. Exp. Ther. Med. 9, 2420–2428 

(2015).
	21.	 Matsumura, S. et al. Annual myopia progression and subsequent 2-year myopia progression in Singaporean children. Transl. Vis. 

Sci. Technol. 9, 12 (2020).
	22.	 Carlton, J., Griffiths, H. J., Mazzone, P., Horwood, A. M. & Sloot, F. A comprehensive overview of vision screening programmes 

across 46 countries. Br. Ir. Orthopt. J. 18, 27–47 (2022).
	23.	 Burton, M. J. et al. The Lancet global health commission on global eye health: Vision beyond 2020. Lancet Glob. Health 9, e489–e551 

(2021).
	24.	 Wolf, R. M. et al. The SEE study: safety, efficacy, and equity of implementing autonomous artificial intelligence for diagnosing 

diabetic retinopathy in youth. Diabetes Care 44, 781–787 (2021).
	25.	 Khan, M. S. et al. Deep learning for ocular disease recognition: An inner-class balance. Comput. Intell. Neurosci. 2022, 5007111 

(2022).
	26.	 Demir, F. & Taşcı, B. An effective and robust approach based on R-CNN+LSTM model and NCAR feature selection for ophthal-

mological disease detection from fundus images. J. Pers. Med. 11, 1276 (2021).
	27.	 Serdar, C. C., Cihan, M., Yücel, D. & Serdar, M. A. Sample size, power and effect size revisited: simplified and practical approaches 

in pre-clinical, clinical and laboratory studies. Biochem. Med. 31, 010502 (2021).
	28.	 McCray, G. P. J., Titman, A. C., Ghaneh, P. & Lancaster, G. A. Sample size re-estimation in paired comparative diagnostic accuracy 

studies with a binary response. BMC Med. Res. Methodol. 17, 102 (2017).
	29.	 Ba, J. L., Kiros, J. R. & Hinton, G. E. Layer normalization. arXiv preprint arXiv:​1607.​06450 (2016).
	30.	 Josephine, V. H., Nirmala, A. & Alluri, V. L. Impact of hidden dense layers in convolutional neural network to enhance performance 

of classification model. IOP Conf. Ser. Mater. Sci. Eng. 1131, 012007 (2021).
	31.	 Arora, R., Basu, A., Mianjy, P. & Mukherjee, A. Understanding deep neural networks with rectified linear units. arXiv preprint 

arXiv:​1611.​01491 (2016).
	32.	 Dahl, G. E., Sainath, T. N. & Hinton, G. E. Improving deep neural networks for LVCSR using rectified linear units and dropout. 

In 2013 IEEE international conference on acoustics, speech and signal processing 8609–8613 (IEEE, 2013).
	33.	 Ngah, S., Bakar, R. A., Embong, A. & Razali, S. Two-steps implementation of sigmoid function for artificial neural network in field 

programmable gate array. ARPN J. Eng. Appl. Sci 7, 4882–4888 (2016).
	34.	 Grand Challenge. Dataset-数据集 https://​odir2​019.​grand-​chall​enge.​org/​datas​et/ (2019).
	35.	 Coyner, A. S. et al. External validation of a retinopathy of prematurity screening model using artificial intelligence in 3 low- and 

middle-income populations. JAMA Ophthalmol. 140, 791–798 (2022).
	36.	 Bali, A. & Mansotra, V. Transfer learning-based one versus rest classifier for multiclass multi-label ophthalmological disease 

prediction. Int. J. Adv. Comput. Sci. Appl. 12, 537–546 (2021).

Author contributions
P.R., R.R., M.I., M.N. designed the study and performed the experiments, performed the experiments, analyzed 
the data, and wrote the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to R.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024

https://lublin.stat.gov.pl/opracowania-biezace/opracowania-sygnalne/spisy-powszechne/stan-i-struktura-demograficzna-ludnosci-oraz-liczba-budynkow-i-mieszkan-w-wojewodztwie-lubelskim-wyniki-ostateczne-nsp-2021,3,1.html
https://lublin.stat.gov.pl/opracowania-biezace/opracowania-sygnalne/spisy-powszechne/stan-i-struktura-demograficzna-ludnosci-oraz-liczba-budynkow-i-mieszkan-w-wojewodztwie-lubelskim-wyniki-ostateczne-nsp-2021,3,1.html
https://lublin.stat.gov.pl/opracowania-biezace/opracowania-sygnalne/spisy-powszechne/stan-i-struktura-demograficzna-ludnosci-oraz-liczba-budynkow-i-mieszkan-w-wojewodztwie-lubelskim-wyniki-ostateczne-nsp-2021,3,1.html
http://arxiv.org/abs/1607.06450
http://arxiv.org/abs/1611.01491
https://odir2019.grand-challenge.org/dataset/
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Artificial intelligence enhanced ophthalmological screening in children: insights from a cohort study in Lubelskie Voivodeship
	Results
	Discussion
	Methods
	References


