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Objective: To analyze the incidence and risk factors of dry eye in children from a myopia outpatient clinic via a questionnaire and Keratograph 5M.

Methods: A cross–sectional study was performed. sThere were 214 children (428 eyes) selected from the myopia outpatient clinic of the affiliated Eye Hospital of Shandong First Medical University from July 2021 to September 2021, including 105 boys (210 eyes) and 109 girls (218 eyes), with an average age of 10.1 ± 2.5 years. The incidence rate and influence factors for dry eye were calculated.

Results: Thirty–four of 214 children were diagnosed with dry eye, accounting for 15.9% of the patients. The correlation between fussy eating and the tear meniscus height was statistically significant (Z = −2.158, p = 0.039), along with the correlation between short–distance use of eyes and the tear meniscus height (Z = −2.135, p = 0.033). The degree of meibomian gland deficiency was graded. The meibomian gland was graded as grade 1 in 242 eyes (68.9%), grade 2 in 104 eyes (29.6%), and grade 3 in 5 eyes (1.4%). There was a significant difference in the correlation between eye rubbing and the incidence of dry eye in children (Z = −2.747, p = 0.008). There was also a significant difference in the correlation between picky eating and the incidence of dry eye in children (Z = −2.347; p = 0.024). There was a statistically significant correlation between the time of looking at electronic products and the morphology of the meibomian gland (Z = −2.201, p = 0.028). The results showed that the effect of mild and moderate ametropia on the non–invasive tear breakup time in children was statistically significant (Z = −2.027; p = 0.043).

Conclusion: There is a high incidence of dry eye in children in the myopia outpatient clinic. There is a significant correlation between picky eating, eye rubbing, and the incidence of dry eye. Looking at electronic products for a long time will also affect the morphology of the meibomian gland in children.
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INTRODUCTION

Dry eye is a common chronic eye disease. In this condition, the noninvasive tear breakup time (NIBUT) is shortened because of the instability of the tear film of the patient. The cornea is exposed to the external environment, and the tear evaporates too fast, causing a series of discomforts, such as burning and dryness in the eyes (1). It is reported that the incidence of dry eye has reached 21–30% in Chinese adults, with varying incidence rates in different regions (2, 3). However, the incidence rate of dry eye in children has not been reported in detail because of unsatisfactory cooperation among patients, poor expression, and lack of attention (4). Environmental pollution, the popularity of electronic products, and lifestyle changes in recent years have led to continuous increases in the incidence of dry eye in China. Moreover, the incidence rate of dry eye in children is increasing year by year; indeed, dry eye has become the most common ophthalmic disease other than ametropia among adults (5, 6). In this study, dry eye in 218 children (436 eyes) from the myopia outpatient clinic at Shandong First Medical University Eye Hospital was investigated using questionnaires and a Keratograph 5M. The incidence rate of dry eye in children and the risk factors for dry eye in children were analyzed.



METHODS


Research Objective

In the study, 214 children (428 eyes) were selected from the myopia outpatient clinic of the Eye Hospital of Shandong First Medical University from July 2021 to August 2021, including 105 boys (210 eyes) and 109 girls (218 eyes). The age distribution was 4–17 years, with an average of 10.1 ± 2.5 years.

The inclusion criteria were as follows: (1) Participants had no active ocular organic diseases, (2) Participants were able to complete the questionnaire independently or accompanied by their guardians, and (3) Participants had no systemic diseases or systemic diseases involving the eyes. The exclusion criteria were as follows: (1) history of eye surgery; and (2) The best corrected visual acuity was <0.8.

The trial was approved by the medical ethics committee of the affiliated ophthalmic hospital of Shandong First Medical University (approval: SDSYKYY202107) and complied with the Declaration of Helsinki. All the children and their guardians gave an informed consent and signed an informed consent form.



Questionnaires and Examination Items

To exclude the active eye diseases, all participants underwent a detailed medical history collection, routine refractive examination, mydriasis free fundus photography, and slit lamp microscopy in the myopia outpatient clinic. All subjects and their guardians fulfilled the 5–item Dry Eye Questionnaire (DEQ−5) and the Children's Dry Eye Questionnaire that is developed for this study under the guidance of professionals. The NIBUT, tear meniscus height (TMH), and meibomian gland morphology were determined using the Keratograph 5M.

The questions on the Children's Dry Eye Questionnaire were as follows:

(1) Are there dry eye symptoms, including dryness, burning, fatigue, heaviness, redness, photophobia, itching, eye pain, tears, and increased secretion?

(2) Does the patient wear contact lenses or orthokeratology lenses?

(3) Does the patient blink frequently (>20 blinks/min or abnormal blinks, such as winking and frowning)?

(4) Has the frequency of eye rubbing increased abnormally recently?

(5) Is there is a history of allergic rhinitis?

(6) Is there any history of eyelid conjunctiva, such as wheat granuloma, chalazion, entropion, trichiasis, blepharitis, or conjunctivitis?

(7) Is there a history of eye trauma?

(8) Does the patient often look at electronic products?

(9) What types of electronic products often used (e.g., mobile phones, tablets, computers, televisins, ink screens, or other electronic products)?

(10) How much time is spent looking at electronic products every day (<1 h, 1–3 h, more than 3 h)?

(11) much time does the patient spend using his/her eyes for close work every day, such as reading paper books and doing homework (<1 h, 1–3 h, more than 3 h)?

(12) Does the patient prefer certain foods (a lover of fried foods, sweets, meat, and too little fruit and vegetables)?

(13) If the patient prefer certain foods, what are the patient dietary preferences. (meat, grains, vegetables, fruits, fried foods, sweets)?

(14) Is the patient to the following substances: pollen, catkins, insects and mites, pets?

(15) How much time do you spend participating in outdoor activities every day (<1 h, 1–3 h, more than 3 h)?

(16) Is your reading posture correct?

(17) Are you exposed to secondhand smoke?

We adopted the DEQ−5 questionnaire, which is more suitable for children than the is Ocular Surface Disease Index (OSDI) (7). A Keratograph 5M was used to collect the dry eye data of all the subjects, including the NIBUT, the TMH, and any meibomian gland loss. All subjects were examined by the same examiner at the same room temperature. Meibomian gland photography was finally collected to avoid eye irritation, which could affect the data accuracy of NIBUT and TMH, caused by eyelid turnover.



Dry Eye Diagnosis Index

The diagnostic criteria of patients with dry eye from the “Consensus of Chinese Dry Eye Experts: Examination and Diagnosis” (2020) were used. Specifically, the criteria are as follows: the child complains of one of the subjective symptoms, such as dry eye, foreign body sensation, burning, fatigue, discomfort, red eye, or vision fluctuation, or the score of the child on the DEQ−5 questionnaire is >6 points but NIBUT is <5 s.

Should a child fit these criteria, he/she is considered to have dry eye.

On the other hand, the degree of meibomian gland deletion can be divided into four grades, as follows: grade 1, in which the degree of meibomian gland deletion is 0–25%, or there is no deletion but the meibomian gland has different degrees of distortion; grade 2, in which the degree of deletion is 26–50%; grade 3, in which the degree of meibomian gland deficiency is 51–75%; and grade 4, in which the degree of deletion is 76–100%.



Statistical Methods

The IBM SPSS Statistics 26.0 statistical software was used for the analysis. The measurement data were tested for K–S normality, and the measurement data with non–normal distribution were presented as median (25%, 75%). The Mann–Whitney U-test was used to analyze the difference of different groups. A p < 0.05 was considered statistically significant. The following values were assigned to the content of the questionnaire: gender: male = 1, female = 2; duration of viewing electronic products: <1 h = 3, 1–3 h = 2, more than 3 h = 1; exposure to secondhand smoke: yes = 1, no = 2; history of eyelid conjunctiva: yes = 1, no = 2; rubbing eyes frequently: yes = 1, no = 2; picky eater: yes = 1, no = 2; correct reading posture: yes = 1, no = 2; frequent blinking: yes = 1, no = 2; and history of allergy: yes = 1, no = 2.




RESULTS

Among the 214 patients, 34 were diagnosed with dry eye, accounting for 15.9% of the sample. Conversely, there were 180 patients without dry eye, accounting for 84.1% of the sample. There were 351 meibomian gland images collected in 428 eyes, accounting for 82% of the sample. Meibomian gland deletion was graded using Image J software. The degree of meibomian gland deletion was grade 1 (no deletion) in 242 eyes (68.9%), grade 2 (mild deletion) in 104 eyes (29.6%), and grade 3 (severe deletion) in 5 eyes (1.4%; Figure 1).


[image: Figure 1]
FIGURE 1. Different meibomian gland morphologies in ametropic children. (A) 0–25% area of loss. (B) 25–50% area of loss. (C) 50–75% area of loss. (D) Meibomian glands were twisted, and some meibomian glands were twisted more than 90°.


A total of 213 questionnaires were collected. The results showed that 9 patients (4%) wore orthokeratology lenses, whereas 204 patients (96%) did not wear orthokeratology lenses. There were 62 patients (29.1%) with recent frequent blinking symptoms and 151 (70.9%) without such symptoms. There were 117 patients (54.9%) who often rubbed their eyes and 96 (45.1%) who did not. Forty–two patients (19.7%) had a history of allergy, whereas 171 (80.3%) had no history of allergy. There were 56 patients (26.3%) with palpebral conjunctiva history and 157 patients (73.7%) without palpebral conjunctiva history. Furthermore, 111 patients (52.1%) were picky and partial eaters, whereas 102 people (47.9%) were not picky and partial eaters; among them, the picky eaters preferred meat, fried food, and sweets. Incorrect reading posture was evident in 68 patients (31.9%) and correct reading posture in 145 patients (68.1%). Fifty–two patients (24.4%) were exposed to secondhand smoke, whereas 161 (75.6%) were not (Figures 2–4).


[image: Figure 2]
FIGURE 2. Questionnaire content and results.
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FIGURE 3. Questionnaire content and results.
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FIGURE 4. History distribution of eyelid conjunctiva.


Data on a total of 428 eyes were collected, including 109 eyes with NIBUT ≤ 5 s (25.5%) and 319 eyes with NIBUT > 5 s (74.5%). The NIBUT ≤ 5 s was set to 1 and NIBUT > 5 s was set to 2. Data on TMH were collected for a total of 425 eyes collected, of which the TMH of 236 eyes was ≤0.2 mm (55.5%) and the TMH of 189 eyes was >0.2 mm (44.5%). If the TMH was <0.2 mm, the value was set to 1; if the TMH was >0.2 mm, the value was set to 2. The results showed that there was no statistical difference in the correlation between eye rubbing, fussy eating, exposure to secondhand smoke, history of eyelid conjunctiva, frequent blinking, history of allergy, time spent on electronics, short distance use of eyes, outdoor activity time, and the NIBUT (Z = −0.375, p = 0.738; Z = 1.051, p = 0.317; Z = 0.423, p = 0.698; Z = 0.353, p = 0.798; Z = 0.628, p = 0.541; Z = 1.201, p = 0.264; Z = 0.251, p = 0.802; Z = 1.457, p = 0.145; Z = 1.457, p = 0.145; Z = −0.032, p = 0.974; Table 1). The correlation between fussy eating and the TMH was statistically significant (Z = −2.158, p = 0.039), and the correlation between short distance use of eyes and the TMH was statistically significant (Z = −2.135, p = 0.033). There was no statistical difference in the correlation between eye rubbing, exposure to secondhand smoke, history of eyelid conjunctiva, frequent blinking, history of allergy, time spent on electronics, outdoor activity time and the TMH (Z = −1.383, p = 0.168; Z = 0.127, p = 0.910; Z = 0.721, p = 0.498; Z = 1.066, p = 0.331; Z = 0.695, p = 0.537; Z = 1.308, p = 0.191; Z = −0.006, and p = 0.995; Table 2).


Table 1. Effects of different factors on the noninvasive tear breakup time (NIBUT).
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Table 2. Effects of different factors on the tear meniscus height (TMH).
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The influencing factors that may affect the dry eye disease of children were statistically analyzed using the Mann-Whitney U-test. The results showed that there was a significant difference in the correlation between eye rubbing and the incidence of dry eye in children (Z = −2.747, p = 0.008). Furthermore, there was a significant difference in the correlation between picky eating and the incidence of dry eye in children (Z = −2.347, p = 0.024). There was no significant correlation between age, gender, exposure to secondhand smoke, frequent blinking, history of allergy, time to see electronic products, using your eyes for close work every day, time spent on outdoor activities, and the incidence of dry eye in children (Z = −0.477, p = 0.636; Z = 1.374, p = 0.193; Z = −1.607, p = 0.128; Z = −1.275, p = 0.220; Z = −0.163, p = 1.000; Z = −0.153, p = 0.898; Z = −0.388, p = 0.748, Z = −0.463, and p = 0.674; Table 3).


Table 3. Influence of various factors on the prevalence of dry eye.
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Because of the poor cooperation of some subjects, which meant that meibomian gland images could not be taken, 350 meibomian gland images were collected in 428 eyes, accounting for 81.78% of all eyes. Among them, 126 eyes (36%) had normal meibomian glands, whereas 224 (64%) had meibomian gland loss or meibomian gland distortion. Data were assigned with the following values: normal meibomian gland = 0, and meibomian gland loss or meibomian gland distortion = 1 (meibomian gland distortion was defined as one or more gland distortions >90°; Figure 4). The influencing factors of meibomian gland loss were analyzed using the Mann–Whitney U-test. There was a statistically significant correlation between the time spent looking at electronic products and the morphology of the meibomian gland (Z = −2.201, p = 0.028). There was no significant correlation in terms of exposure to secondhand smoke (Z = −1.712, p = 0.090) and whether patients had a history of eyelid conjunctiva (Z = −1.542, p = 0.127), eye rubbing (Z = −0.787, p = 0.436), and meibomian gland morphology (Table 4).


Table 4. Analysis of influencing factors of meibomian gland deletion.
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Data were collected for a total of 288 out of 428 eyes. The Best Corrected Visual Acuity (BCVA) of all eyes was >4.9, including mild ametropia where myopia and astigmatism were ±0.5D ~ ± 3D and moderate ametropia, where myopia and astigmatism were > ± 3D. Mild ametropia was assigned 1 and moderate ametropia was assigned 2. The effects of refractive status on NIBUT and the incidence of dry eye were analyzed using the Mann–Whitney U-test. The results showed that the effect of mild and moderate ametropia on the incidence of dry eyes in children was not statistically significant (Z = −0.795, p = 0.453), whereas the effect of mild and moderate ametropia on the NIBUT in children was statistically significant (Z = −2.027, p = 0.043) (Table 5).


Table 5. Effects of ametropia on tear film rupture time and dry eye incidence in children.

[image: Table 5]



DISCUSSION

Dry eye is a chronic disease caused by the shortening of NIBUT because of the abnormal quality, quantity, and dynamics of tears (8). The latest epidemiology shows that nearly 400 million people in China are troubled by dry eye symptoms (9), but most of the previously researched groups comprised adults. In the past, it was believed that eye conditions of children were better than those of adults, and the incidence of dry eye disease in children was lower. When it did arise, it was thought to be mostly caused by congenital, endocrine, or other diseases, such as ectodermal hypoplasia, Sjogren syndrome, and so on (10). However, home quarantine measures during the Corona Virus Disease 2019 (COVID−19) epidemic, the increase in children's online education, and close eye use may lead to an increase in the incidence of dry eye and ametropia in children. This article discusses the missing condition of meibomian glands, the incidence rate of dry eye in children, and the risk factors of dry eye in children who are eye outpatients in Shandong Province to improve the understanding of doctors on dry eye.

It has been reported that the incidence of dry eye in children worldwide is 0.2–36% (11–14). The incidence of dry eye in the 214 children included in this study was 15.9%, and the results were similar to those in previous studies. We found a high proportion of children with dry eyes who often rubbed their eyes and were picky eaters. Balasubramanian et al. (15) showed that protease activity and levels of inflammatory factor matrix metalloproteinase 9 (MMP−9), interleukin 6 (IL−6), and tumor necrosis factor α (TNF–α) significantly increased after eye rubbing. Recent studies (16) have shown that dry eye is a chronic inflammatory response. Inflammatory factors destroy the connecting barrier between corneal cells, resulting in damage to corneal epithelial cells. The abscission of the corneal epithelium intensifies the inflammatory reaction process, finally leading to a vicious circle. Soifer et al. (17) found that the increase of MMP−9 may be related to a reduced tear secretion. However, there is no evidence that regular eye rubbing causes the occurrence of dry eye, and extensive research is still needed on the relationship between eye rubbing and dry eye.

Our questionnaire shows that children who are picky and partial eaters prefer meat, fried foods, and sweets, which may lead to an insufficient intake of various trace elements. Studies have shown that vitamin A deficiency may be related to the occurrence of dry eye. Vitamin A deficiency will lead to the drying of the cornea and conjunctiva, damage to conjunctival goblet cells, and the reduction of mucin secretion, which will affect the quality of tear film, resulting in the occurrence of dry eye symptoms (18). Research findings showed that the dry eye symptoms of a Ω-3 fatty acid group were significantly less than those of a placebo group after 12 months (19). Picky eating can also lead to obesity, and Ω-3 fatty acids can delay the progress of obesity (20, 21). The research of Gupta et al. (22) showed that meibomian gland curvature is significantly associated with higher body mass index (BMI) in children, and meibomian gland morphological abnormality is considered to be a sensitive indicator of meibomian gland dysfunction (23). The research of Bu et al. (24) showed that a high fat diet can also cause meibomian gland inflammation in mice. Therefore, picky eating may reduce the intake of vitamin A, Ω-3 fatty acids, and other trace elements. The lack of trace elements affects the morphology of the meibomian gland, the quality of tear film, and the TMH, leading to the occurrence of dry eye.

We observed the meibomian gland photos of 351 eyes, which showed that in about 30% of the eyes, the meibomian gland atrophy was more than 25%. We speculate that meibomian gland atrophy may occur prior to dry eye symptoms, which may be due to the compensatory function of an increased tear secretion. Our analysis of the factors that may lead to the loss of meibomian glands in children shows that the longer we watch electronic products, the more severe the atrophy of the meibomian gland becomes. Research shows that looking at electronic products for a long time will lead to a decrease in blinking frequency and an increase in incomplete blinking times. The discharge of meibum mainly occurs through the mechanical force of the eyelid covering the corneal surface in a blink. A complete blink is helpful to increase the thickness of the lipid layer on the eye surface, whereas an incomplete blink will reduce the lipid discharge and the thickness of the lipid layer on the eye surface (25, 26).

If a large amount of meibum is deposited in the meibomian gland, resulting in the expansion and bending of the gland, the gland will have a chronic inflammation. Finally, the meibomian gland will gradually shrink. Ning and Zhao (27) showed that meibomian gland atrophy was more serious in children exposed to video terminals for a long time, whereas the degree of dry eye and NIBUT in children exposed for a short time were correlated with incomplete blinking. In addition, we found that the increase in refractive power may affect the NIBUT, which may be due to the change in tear film morphology and visual fatigue caused by ametropia, resulting in uneven tear film distribution. Studies have shown that there is a significant correlation between ametropia and the incidence of dry eye (28–30).

Our study found that the incidence of dry eye in children in the myopia outpatients of our hospital was 15.9%. There was a significant correlation between eye rubbing, picky eating, and the incidence of dry eye in children. We speculate that this may be related to the increase of inflammatory factors after eye rubbing and the insufficient intake of Ω-3 fatty acids and vitamin A. We also found deletion of the meibomian gland in many children. Meibomian gland shrinking may be related to watching electronic products for a long time. In conclusion, the attention of doctors should be paid to dry eye in children because of the high incidence of dry eye and high degree of meibomian gland deletion in this population. This study also has some shortcomings, such as a small sample size.
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