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Objective: To explore the distribution and influence factors of non-invasive tear film break-up time (NIBUT) in children.
Methods: This is a hospital-based cross-sectional study. Spherical equivalent error (SER) was measured with cycloplegia. NIBUT
was measured by an ocular surface integrated analyzer.

Results: A total of 1269 children (1269 eyes) were included in this study. Participants’ median age was 11 (range 6—18) years. 47.1%
(598/1269) of participants were boys. The median NIBUT of myopic children and non-myopic children were 9.9 seconds (s) (Inter-
quartile range, IQR: 6.4 to 16.1) and 10.9 s (IQR: 8.8 to 17.9), respectively, which was statistically significant (p = 0.004). In myopic
children, 49.9% (573/1148) were able to achieve NIBUT of 10 s or more, compared to 67.8% (82/121) in non-myopic children, which
was statistically significant (p < 0.001). There were 41 (3.57%) children in the myopic group and none (0%) in the non-myopic group
with dry eye disease (p = 0.028). There was a positive correlation between NIBUT and age: NIBUT = 9.256 + 0.352*Age. 71.8% (824/
1148) of myopic children used electronic products almost every day, compared to 37.2% (45/121) of non-myopic children, which was
statistically significant (p < 0.001).

Conclusion: The NIBUT of myopic children was significantly shorter than that of non-myopic children. Children with myopia are
more likely to have dry eyes. NIBUT increases with age. High frequency of electronic product use may be an important cause to
NIBUT shortening in children.
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Introduction
Previous studies have reported an association between myopia and dry eye disease (DED), which the risk of DED
increases with the severity of myopia.' The reported prevalence of DED in the whole population is less than 10%,>*
while in myopic population, this number rises up to 45.39%.”> Maychuk DY et al reported similar findings. Meanwhile,
the proportion of the global myopic population is increasing year by year, and is expected to reach more than 50% by
2050.” In China, the prevalence of myopia is more serious. In recent years, the number of myopia patients has shown
a spurt of growth, there are more than 400 million people with myopia in China.®

The increased risk of DED in myopic patients is closely related to a variety of factors. First of all, myopic patients
often use their eyes at close range for a long time, such as reading and using electronic products. Secondly, some myopic
patients may have poor eye permeability due to improper wearing of glasses or contact lenses, which further aggravates
dry eye symptoms.

Tear film is important for maintaining ocular surface health. Decreased tear film break-up time (BUT) is considered as
part of the diagnostic criteria for DED.>'® BUT measurement, especially non-invasive BUT (NIBUT) measurement,
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could be an easy and economically friendly way for DED monitoring,'® "2

without damage to tear film stability
compared with sodium fluorescein.'*'* The measurement of NIBUT is completed by a high-resolution color camera,
which can accurately record the tiny details of tear film changes. The whole process is non-contact, and the BUT is
automatically measured, and the duration and position are recorded.

As far as we know, the distribution of NIBUT characteristics in children, especially in myopic children, and its

influence factors have not been reported in detail, which is the purpose of this study.

Materials and Methods
Settings and Study Design

This was a hospital-based cross-sectional study. Participants complaint of blurred vision were recruited at Beijing
Tongren Hospital (Beijing, China) between January 1, 2023, and July 30, 2023. The present study was approved by
the Ethics Committee, Beijing Tongren Hospital, Capital Medical University and adhered to the tenets of the Declaration
of Helsinki. Informed consent was obtained from all subjects and/or their legal guardian.

Participants

Participants Were Selected Based on the Following Considerations
Inclusion criteria (1) Age, 6—18 years old; (2) Able to cooperate with NIBUT measurement, ocular surface disease index
(OSDI) questionnaire measurement. (3) The cycloplegic SER measurement was completed.

Exclusion criteria (1) Worn contact lenses such as orthokeratology lenses in recent two weeks; (2) Had diabetes,
rheumatoid arthritis, sjogren’s syndrome or hyperthyroidism that affecting tear secretion; (3) Use of medications that
have an effect on tear secretion (except artificial tears) in the last two weeks; (4) Had a history of eye trauma, ocular
surgery (including refractive surgery) or infectious eye diseases.

Definition of Dry Eye

According to the 2016 consensus report by the Asia Dry Eye Society,'” the diagnosis of dry eye disease (DED) should
meet the following two conditions: Patients have subjective symptoms of ocular surface and OSDI score>12;'> Average
NIBUT<10 seconds.

Outcomes and Measurements

OSDI Questionnaire

The OSDI questionnaire includes 12 questions, and each question is scored according to the frequency of occurrence. 0 is
zero; 1. Sometimes; 2. About half of the time; 3. Frequent occurrence; 4 is continuous occurrence. Final OSDI score =
sum of all scores x100/(number of questions x 4). The total score ranges from 0 to 48.

NIBUT Measurement

The new generation Oculus Ocular Surface integrated analyzer (Manufactured by Oculus, Germany) was used to
complete the measurement of NIBUT. The focus center of the device was directed to the apex of the cornea. Software
built into the device automatically records the average NIBUT.

Statistical Analysis

The Shapiro—Wilk test is used to test the normality of a continuous variable such as NIBUT. Median value, inter-quartile
range (IQR), together with the reference interval (2.5% to 97.5% quantile) were used for statistical description of NIBUT.
Frequency and percentage were used for statistical description of categorical variables such as sex. Wilcoxon rank sum
test was used for comparison on continuous variables that were not normally distributed. Chi-square test was used for
comparison on categorical variables when total expected frequency is 40 or above, and no single expected frequency is
less than 1, otherwise Fisher exact test would be used. SER<-0.5D in any eye would be defined as myopia. If both eyes
were myopic or neither eye was myopic, one eye was randomly selected for data analysis. If one eye was myopic, that the
single myopic eye was used and the patient was categorized in the “myopic” group as opposed to the ‘non-myopic
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group’. Analysis was done using the open-source R program (https://www.r-project.org/, version 4.2.0). The significance

level was 0.05, two-tailed.

Results

Participants Recruitment and Selection

Participants were recruited consecutively between January 1, 2023, and July 30, 2023. Initially, 1395 children complaint
of blurred vision was assessed for eligibility, 126 were excluded. In detail, 32 were over 18 years old, 71 did not
complete the NIBUT measurement, 23 did not complete cycloplegic SER measurement. Finally, a total of 1269 children
(1269 eyes) were included in this study.

Participants Characteristics

The median age was 11 (range: 6—18) years. Boys accounts for 47.1% (598/1269). The median OSDI score was 2 (IQR:0
to 5). The median IOP was 17 (IQR: 15 to 18.5) mmHg. The median SER were —1.875 D (IQR: —2.875 D to —1.25 D,
range: —5.75 D to 1.25 D). 68.2% (865/1269) participants used electronic product almost everyday, while only 7.3% (93/
1269) used them less frequently (<15 times/month). The details of characteristics of included participants were shown in
Table 1.

NIBUT Distribution

Participants’ NIBUT ranged from 3.7s to 25.7s (Figure 1A), and the median level was 10.1 s (IQR: 6.8 to 16.3). The
median NIBUT of non-myopic children and myopic children were 10.9 s (IQR: 8.8 to 17.9) and 9.9 s (IQR: 6.4 to 16.1),
respectively (Table 1), which was statistically significant (p = 0.004). Compared with non-myopic children, the NIBUT
of myopic children was significantly shorter (Figure 1B). The distribution of NIBUT of boys and girls showed no
significant difference (Figure 1C). NIBUT increases with age (Figure 1D).

10.7% (136/1269) participants had a NIBUT of <5 s, 37.7% (478/1269) had a NIBUT between 5s-10s, 39.7% (504/
1269) had a NIBUT between 10 s to 20 s, 11.9% (151/1269) had a NIBUT >20 s. In myopic children, 49.9% (573/1148)
were able to achieve NIBUT of 10 s or more, compared to 67.8% (82/121) in non-myopic children, which was
statistically significant (p < 0.001) (Table 2). Specifically, for those whose NIBUT was <10 s, 3.57% (41/1148) children
in the myopic group and 0% in the non-myopic group had an OSDI score of >12.

Table | Comparison on Demographic Information and Ocular Parameters Between Myopic
and Non-Myopic Group

Overall Non-Myopic Myopic p
N=1269 N=121 N=1148
Age (years) 11 [9;13] 11 [9;14] 11 [913] 0.506
Gender: 0.215
Girls 671 (52.9%) 57 (47.1%) 614 (53.5%)
Boys 598 (47.1%) 64 (52.9%) 534 (46.5%)
OSDI (Score) 2 [0;5] 2 [1;6] 2 [0;5] 0.561
NIBUT (seconds) 10.1 [6.8;16.3] 10.9 [8.8;17.9] 9.9 [6.4;16.1] 0.004
IOP (mmHg) 17.0 [15.0;18.5] | 17.0 [15.0;19.0] | 17.0 [15.0;18.5] | 0.716
Flat corneal curvature (D) 42.8 [41.8;43.8] | 42.6 [41.5;43.5] | 42.8 [41.8;43.8] | 0.180
Steep corneal curvature (D) 43.4 [42.2;44.5] | 43.0 [41.9;44.6] | 43.5 [42.2;44.5] | 0.196
Frequency of electronic product use <0.001
Every day or nearly 865 (68.2%) 45 (37.2%) 824 (71.8%)
>|5 times/month 311 (24.5%) 52 (43.0%) 269 (23.4%)
015 times/month 93 (7.3%) 24 (19.8%) 55 (4.8%)

Note: NIBUT=Non-invasive tear break-up time. OSDI=ocular surface disease index.

IOP=intraocular pressure.
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Figure | Characteristics of tear film break-up time of included participants (A). Distribution of tear film break-up time of all included children. (B). Distribution of tear film
break-up time in myopic and non-myopic children. (C). Distribution of tear film break-up time in boys and girls. (D). Distribution of tear film break-up time in children of
different ages.

The median levels of NIBUT of children at 618 age were 9.4 s (IQR: 7.4 to 12.3), 6.9 s (IQR: 4.8 t0 9.0), 8.5 s (IQR:
6.2 to 16.0), 9.1 s (IQR: 6.3 to 13.7), 10.2 s (IQR: 6.9 to 15.9), 10.9 s (IQR: 6.7 to 16.8), 10.3 s (IQR: 6.8 to 16.4), 9.3
s (IQR: 6.1 to 15.4), 11.0 s (IQR: 6.6 to 18.0), 11.0 s (IQR: 7.5 to 18.8), 14.6 s (IQR: 10.7 to 19.9), 14.2 s (IQR: 9.6 to
18.6), and 12.6 s (IQR: 11.1 to 16.6), respectively (Table 3).

The Association Between NIBUT and Age

In the total participants, NIBUT has a positive correlation with age, NIBUT = 9.389+0.355*Age (p < 0.001), as shown in
line plot (Figure 2A). In boys, NIBUT has a positive correlation with age, NIBUT = 8.772+0.491*Age (p < 0.001); In
girls, NIBUT has a positive correlation with age, NIBUT = 10.024+0.220*Age (p < 0.001) (Figure 2B). In myopic
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Table 2 Subgroup Analysis on Non-Invasive Tear Break-Up
Time Myopic and Non-Myopic Group

Overall Non-Myopic | Myopic p
N=1269 N=121 N=1148
NIBUT 0.002
220s I51(11.9%) | 18 (14.8%) 133 (11.6%)

10s-20s | 504(39.7%) | 64 (52.9%) 440 (38.3%)
5s-10s | 478(37.7%) | 33 (27.3%) 445 (38.8%)
<5s 136(10.7%) | 6 (5.0%) 130 (11.3%)

Note: NIBUT: non-invasive tear break-up time.

Table 3 The Distribution of Non-Invasive Tear
Break-Up Time of Myopic Children at Different Age

Age (Years) N Median (IQR)
6 N =26 9.4 (7.4, 12.3)

7 N=73 6.9 (4.8,9.0)

8 N=11I5 8.5 (6.2, 16.0)

9 N =128 9.1 (6.3, 13.7)
10 N = 156 10.2 (6.9, 15.9)
I N = 156 10.9 (6.7, 16.8)
12 N = 148 10.3 (6.8, 16.4)
13 N =120 9.3 (6.1, 15.4)
14 N =88 11.0 (6.6, 18.0)
15 N = 46 11.0 (7.5, 18.8)
16 N =28 14.6 (10.7, 19.9)
17 N = 42 14.2 (9.6, 18.6)
18 N =22 12.6 (11.1, 16.6)

Abbreviation: IQR: Inter-quartile range.

children, NIBUT has a positive correlation with age, NIBUT = 9.256+0.352*Age (p < 0.001); In non-myopic children,
NIBUT has a positive correlation with age, NIBUT = 10.899+0.350*Age (p < 0.001) (Figure 2C).

NIBUT also shows a significant association with SER, NIBUT = 12.033 + 0.219*SER (p = 0.046) (Figure 2D). There
were 41 (3.57%) children in the myopia group and none (0%) in the non-myopia group with DED (p = 0.028).

Use of Electronic Products
71.8% (824/1148) of the myopic children used electronic products almost every day, compared to 37.2% (45/121) of the
non-myopic children, which was statistically significant (p < 0.001).

Discussion

The present study aims at exploring the characteristics of NIBUT in myopic children and their difference with non-
myopic children. The main findings are: 1) The NIBUT of myopic children is significantly shorter than that of non-
myopic children. 2) High frequency of electronic product use may be an important cause to NIBUT shortening in
children. 3) Children with myopia are more likely to have DED. 4) NIBUT increases with age.

It is reported that children in Asia tend to have shorter NIBUT.'* Our study found similar findings. It goes without
saying that the median NIBUT level for myopic children is only 9.9 s, and even for non-myopic children, the median
NIBUT level is only 10.9 s. What we are more concerned about is why NIBUT in myopic children is shorter than that in
non-myopic children, and the proportion of children with DED is higher, the reasons may be multifaceted. In general,
there is no direct evidence of a causal relationship between myopia and DED, but people with myopia do tend to have
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Figure 2 Influence factors of tear film break-up time. (A). Association between tear film break-up time and age in all included children. (B). Association between tear film
break-up time and age in myopic and non-myopic children (C). Association between tear film break-up time and age in boys and girls. (D). Association between tear film
break-up time and spherical equivalent error in all included children. The asterisk represents multiplication.

poor ocular surface conditions. As myopic patients often overuse electronic products (video display terminals, VDT),
which is a common risk factor for DED.'*'®!7 The blink frequency is reported to be significantly reduced upon using
VDT,"® and the secretion of the meibomian gland cannot be discharged normally, which reduces the stability of tear film
and causes DED."® Similarly, a significant decrease in NIBUT was found after four hours of cell phone use.?’ Besides,
myopic children often have visual fatigue, which is closely related to DED.?' On the one hand, visual fatigue often
causes the occurrence and development of chronic eye inflammation, which then causes and aggravates DED. On the
other hand, visual fatigue causes increased blinking in children,'* which affects the stability of tear film and promotes the
occurrence of dry eye. Nowadays, myopia is becoming a global issue, it is estimated that by 2050 there will be nearly
5 billion myopic people worldwide.” The problem of myopia is particularly serious in Asia. In China, the myopia rate
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reaches 52.7% in middle school and 80.61% in high school.”? And there is a trend of increasing year by year, the rising
rate of myopia may also indirectly lead to the prevalence of dry eyes.

Our study also reveals a positive correlation between NIBUT and age. Specifically, with one year increase, the
NIBUT increase 0.352 s in myopic children and 0.350 s in non-myopic children. Meanwhile among adults, the trend is

reversed.”>**

Conclusion

In summary, the NIBUT of myopic children is significantly shorter than that of the non-myopic children, the frequency of
electronic products using may be the risk factor of NIBUT shortening. Age is an influence factor of NIBUT, NIBUT in
children shows a positive correlation with age.

The strength of this study includes a large sample size, and covers a wide range of ages. The limitation of this study
lies in that other confirmation examinations of dry eye like Schirmer I test was not performed, and there may be some
deviation in the diagnosis of dry eye. Besides, there were few patients in the non-myopic group, although we achieved
a power of 0.843, which means it is enough to detect the difference in NIBUT between the non-myopic group and
myopic group. However, when describing the NIBUT characteristics of non-myopic groups, their representativeness is
limited.

Data Sharing Statement
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable
request.
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and/or their legal guardian.

Funding

There is no funding to report.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Hazra D, Yotsukura E, Torii H, et al. Relation between dry eye and myopia based on tear film breakup time, higher order aberration, choroidal
thickness, and axial length[J]. Sci Rep. 2022;12(1):10891.
2. Yotsukura E, Torii H, Inokuchi M, et al. Current Prevalence of Myopia and Association of Myopia With Environmental Factors Among
Schoolchildren in Japan[J]. JAMA Ophthalmol. 2019;137(11):1233-1239.
3. C OE, Henderson M, Massaro-Giordano M, et al. Advances in dry eye disease treatment[J]. Curr Opin Ophthalmol. 2019;30(3):166-178.
4. Vehof J, Snieder H, Jansonius N, et al. Prevalence and risk factors of dry eye in 79,866 participants of the population-based Lifelines cohort study
in the Netherlands[J]. Ocul Surf. 2021;19:83-93.
5.F ZP,H ZY, B HY, et al. Evaluation of preoperative dry eye in people undergoing corneal refractive surgery to correct myopia[J]. Int J Ophthalmol.
2021;14(7):1047-1051.
6. Maychuk DY. Prevalence and severity of dry eye in candidates for laser in situ keratomileusis for myopia in Russia[J]. J Cataract Refract Surg.
2016;42(3):427-434.
7. A HB, R FT, A WD, et al. Global Prevalence of Myopia and High Myopia and Temporal Trends from 2000 through 2050[J]. Ophthalmology.
2016;123(5):1036-1042.
8. Dolgin E. The myopia boom[J]. Nature. 2015;519(7543):276-278.
9. Yokoi N, Georgiev GA. Tear-film-oriented diagnosis for dry eye[J]. Jpn J Ophthalmol. 2019;63(2):127-136.
10. Tsubota K, Yokoi N, Shimazaki J, et al. New Perspectives on Dry Eye Definition and Diagnosis: a Consensus Report by the Asia Dry Eye
Society[J]. Ocul Surf. 2017;15(1):65-76.

Clinical Ophthalmology 2024:18 heeps: 2703

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhao et al Dove

17.
18.

19.
20.
21.
22.

23.
24.

. Panjiyar M, Sadhu S, Shobha PS, et al. Structural and Functional Evaluation of Meibomian Glands and Its Correlation With Dry Eye Parameters in

Stevens-Johnson Syndrome[J]. Am J Ophthalmol. 2022;240:187—-193.

.E SJ, S YG, Y BV, et al. Correlation of Measures From the OCULUS Keratograph and Clinical Assessments of Dry Eye Disease in the Dry Eye

Assessment and Management Study[J]. Cornea. 2022;41(7):845-851.

. K MJ, Wang M, Lim J, et al. Minimising instilled volume reduces the impact of fluorescein on clinical measurements of tear film stability[J]. Cont

Lens Anterior Eye. 2017;40(3):170-174.

. C C-EN, E BN, Jalbert I, et al. The ocular surface in children: a review of current knowledge and meta-analysis of tear film stability and tear

secretion in children[J]. Ocul Surf. 2019;17(1):28-39.

. Ballesteros-Sanchez A, De-Hita-Cantalejo C, Sanchez-Gonzalez MC, et al. Perfluorohexyloctane in dry eye disease: a systematic review of its

efficacy and safety as a novel therapeutic agent[J]. Ocul Surf. 2023;30:254-262.

. Moon JH, Kim KW, Moon NJ. Smartphone use is a risk factor for pediatric dry eye disease according to region and age: a case control study[J].

BMC Ophthalmol. 2016;16(1):188.

Willcox M, Argueso P, A GG, et al. TFOS DEWS II Tear Film Report[J]. Ocul Surf. 2017;15(3):366—403.

Moon JH, Lee MY, Moon NJ. Association between video display terminal use and dry eye disease in school children[J]. J Pediatr Ophthalmol
Strabis. 2014;51(2):87-92.

Wagner RS. Smartphones, video display terminals, and dry eye disease in children[J]. J Pediatr Ophthalmol Strabis. 2014;51(2):76.

H CJ, Li Y, HKS, et al. The influences of smartphone use on the status of the tear film and ocular surface[J]. PLoS One. 2018;13(10):e206541.
van Tilborg MM, Murphy PJ, Evans KS. Impact of Dry Eye Symptoms and Daily Activities in a Modern Office[J]. Optom Vis Sci. 2017;94
(6):688—693.

Zhang C, Wang C, Guo X, et al. Effects of Greenness on Myopia Risk and School-Level Myopia Prevalence Among High School-Aged
Adolescents: cross-sectional Study[J]. JMIR Public Health Surveill. 2023;9:e42694.

Mohidin N, Bay TC, Yap M. Non-invasive tear break-up time in normal Malays[J]. Clin Exp Optom. 2002;85(1):37-41.

Ozdemir M, Temizdemir H. Age- and gender-related tear function changes in normal population[J]. Eye. 2010;24(1):79-83.

Clinical Ophthalmology Dove

Publish your work in this journal

Clinical Ophthalmology is an international, peer-reviewed journal covering all subspecialties within ophthalmology. Key topics include: Optometry;
Visual science; Pharmacology and drug therapy in eye diseases; Basic Sciences; Primary and Secondary eye care; Patient Safety and Quality of Care
Improvements. This journal is indexed on PubMed Central and CAS, and is the official journal of The Society of Clinical Ophthalmology (SCO). The
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/clinical-ophthalmology-journal

2704 0y in g Do Clinical Ophthalmology 2024:18


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Settings and Study Design

	Participants
	Participants Were Selected Based on the Following Considerations
	Definition of Dry Eye
	Outcomes and Measurements
	OSDI Questionnaire
	NIBUT Measurement

	Statistical Analysis

	Results
	Participants Recruitment and Selection
	Participants Characteristics
	NIBUT Distribution
	The Association Between NIBUT and Age
	Use of Electronic Products

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Funding
	Disclosure

