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Purpose: To describe ocular surface characteristics and tests’ results in a healthy pediatric 
population.
Methods: We performed a cross-sectional study with 60 healthy children, obtaining consent, 
OSDI and screen use survey and conducting ocular surface tests. Statistical univariate 
analysis for categorical and quantitative variables was made. To describe the correlation of 
the results in both eyes, we used a model of random effects. To characterize the possible 
profiles of device use, we applied the mixed-cluster methodology.
Results: Sixty healthy children between 7 and 17 years old were evaluated. Girl’s proportion 
was 41.6%. Mean Ocular Surface Disease Index Score was 9.98±8.49 points. Daily screen 
time was 5.59±2.77 hours and the most popular screen was the smartphone. Mean results 
(with standard deviations or confidence intervals) of ocular surface tests were blink fre-
quency while reading on paper, 6.8±5.68 times per minute; blink frequency while reading on 
screen, 8.7±7.14 times per minute; tear meniscus height, 0.19[0.18–0.2] mm; non-invasive 
tear break-up time, 12.44[10.99–13.9] seconds; nasal conjunctival redness, 0.86[0.77–0.94]; 
temporal conjunctival redness, 0.96[0.87–1.04]; tear osmolarity, 299.3[295.14–303.45] 
mmol; and Schirmer test, 23.73[21.28–26.18] mm. Lid margin was irregular in three eyes; 
44.7% had thin lipid layer; lissamine green staining was positive in 70.8%; fluorescein 
staining was positive in 47.4%; 36.64% exhibited partial meibomian gland loss.
Conclusion: Considering the scarcity of specific pediatric values of ocular surface tests, we 
performed a clinical investigation involving the complete pool of ocular surface tests in 
children. Although healthy children were included in this study, we found that all the 
participants had at least one abnormal result and 33.33% had dry eye disease diagnosis, 
according to the TFOS DEWS II. It would be relevant to carry out further multicentric 
studies to compare our ocular surface tests’ results with other groups of children.
Keywords: adolescent, children, dry eye syndrome, ocular surface tests

Plain Language Summary
Tear film has an important role in the ocular surface. It provides the anterior part of the eye 
with refractive and antimicrobial functions. Multiple factors, such as pollution, use of 
screens, inadequate blink, and ocular and systemic diseases, can affect it. In this order, the 
Tear Film and Ocular Surface Society (TFOS) defined standard values for evaluating tear 
film and ocular surface. The values have been concentrated only in adults. No standard 
pediatric values were established, thus there is a paucity of data regarding ocular surface tests 
in children.

Our purpose was to describe ocular surface characteristics and tests’ results in healthy 
children. We performed a cross-sectional study with 60 healthy children, who completed 
a symptom questionnaire and eleven ocular surface tests. Unexpectedly, we observed 100% 
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of the children had alteration in at least one test, compared with 
normal adult values. Additionally, there was a prevalence of 
33.33% of dry eye disease, which was higher than the prevalence 
reported in previous studies performed also in healthy children but 
using a smaller number of tests.

It is crucial to carry out further multicentric studies involving 
different pediatric populations to standardize the normal values 
of the ocular surface tests in healthy children. It is also critical to 
determine if these tests can be commonly altered in healthy 
children from different groups and what could be the factors 
influencing these results. This study provides basis to compare 
ocular surface tests’ results with other groups of children.

Introduction
Maintenance of the tear film (TF) is a complex process 
that involves various ocular structures (eg, meibomian 
glands, lacrimal glands, tear ducts, eyelids, cornea, and 
conjunctiva). The TF has important refractive and antimi-
crobial functions and plays a primary role in the trophic 
support of epithelial cells in the cornea and conjunctiva.1 

The TF can be affected by multiple factors such as pollu-
tion, use of smartphones and other screens, inadequate 
blink, ocular and systemic diseases, among others. 
Alterations in ocular surface can be reflected in clinical 
manifestations that correspond to dry eye symptoms.2

In 2017, the Tear Film and Ocular Surface Society 
(TFOS) published the Dry Eye Workshop (DEWS) II 
Diagnostic Methodology report, which identified the 
most appropriate order and technique for diagnosis and 
monitoring of dry eye disease (DED); it also provided 
guidelines for establishing differential diagnosis.3 This 
report offered a mechanism for recognizing DED in the 
adult population. It did not include specific considerations 
for the pediatric population, in which DED has been 
described as a rapidly growing problem.4

The lack of investigation and consensus regarding 
normal TF function parameters and ocular surface char-
acteristics in children has created a gap in the early 
diagnosis of DED in this population. Moreover, DED 
studies in children generally use the TFOS DEWS cri-
teria for adults and subjective symptoms are difficult to 
evaluate in pediatric patients.5,6 It is important to char-
acterize ocular surface tests in pediatric population 
because of the reportedly high prevalence rates of 
DED in younger individuals and in schoolchildren.4 In 
addition, various pediatric conditions (eg, congenital 
disorders and autoimmune/inflammatory diseases) have 
been associated with DED.7

Overall, there is a paucity of data regarding DED in 
children; to the best of our knowledge, no such studies 
have been conducted in Latin America. The purpose of the 
current study was to describe ocular surface characteristics 
and ocular surface tests’ results in a healthy pediatric 
population.

Materials and Methods
Design
This observational descriptive noncomparative cross- 
sectional ocular surface function study was conducted in 
a healthy pediatric population from three schools in 
Bogotá, Colombia.

Selection Criteria
Healthy children between 7 and 17 years of age were 
included. Exclusion criteria consisted of previous diagno-
sis of dry eye, lagophthalmos, any eyelid disorders (eg, 
blepharitis, keratosis, trauma history, hordeolum), autoim-
mune diseases, thyroid disease; history of ocular trauma, 
allergic diseases; treatment with isotretinoin, antihista-
mines, antidepressants, steroids, attention deficit and 
hyperactive disorder medications, oral contraceptives, 
and other drugs; low weight, malnutrition; and use of 
contact lenses.

Study Population
As this was a preliminary study, a convenience sample was 
established, with similar proportions for age and sex. To 
recruit our sample, we invited 250 children from 3 schools 
in Bogotá, Colombia and their parents to an informative 
meeting about ocular surface in children. After reviewing 
selection criteria compliance (first filter), interested parents 
and children were included in a data base. A total of 85 
children were recruited in this first phase. A second filter 
was applied through parent phone interviews in order to 
reassure inclusion-exclusion criteria. After the second fil-
ter, a total of 63 children were included. A final filter was 
applied through a personal interview at Horus Centro 
Oftalmológico, before the ocular surface tests were per-
formed. A final sample of 60 children was obtained.

Data Collection
Evaluations were performed by two trained optometrists in 
Horus Grupo Oftalmológico eye clinic from August 2019 
to September 2019. They were supervised by three specia-
lized ophthalmologists, who are as well, authors of this 
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paper. On first instance, written informed consent, demo-
graphic data (age, sex, school grade and birth region), 
Ocular Surface Disease Index Score (OSDI), and a short 
screen use survey were collected by the authors from each 
participant. Then, ocular surface tests were performed, 
including evaluation of the lid margin, blink frequency 
measurement (while reading on paper and reading on- 
screen), lacrimal meniscus measurement, non-invasive 
tear break-up time (NITBUT) mapping and analysis, 
lipid layer thickness evaluation, conjunctival redness mea-
surement, lacrimal osmolarity measurement, four-eyelid 
meibography, and vital staining of conjunctival and cor-
neal epithelium (using fluorescein and lissamine green). 
All tests were performed in a temperature-and-humidity- 
controlled setting by two trained optometrists based on the 
TFOS DEWS II Diagnostic Methodology report3 and the 
Oculus Keratograph workshop 2016.8 Additional informa-
tion regarding ocular surface tests techniques used is avail-
able in Annex 1. Equipment used included Oculus 
Keratograph 5M, Topcon anterior segment camera DS3, 
and Tear Lab Osmolarity System. Interviews, data collec-
tion and tests results were recorded by the authors in 
a Microsoft Excel (Microsoft Corp., Redmond, WA, 
USA) database.

Statistical Analysis
In this study both eyes of each subject were evaluated, 
therefore a hierarchical structure is present. The first level 
of this hierarchy is the eye which is nested in the second 
level: the subject. This nested structure implies correlation 
of measures between eyes of the same subject, which 
should be taken into account for the analysis.9

For subject-level characteristics (gender, age, etc.), rela-
tive and absolute frequencies are reported in the case of 
categorical variables, whereas for quantitative variables 
mean and standard deviations are reported if normality of 
the distribution is verified (by means of Shapiro–Wilk test), 
otherwise median and interquartile range are provided.

For eye-level characteristics, a different approach was 
used to report descriptive statistics. Means and proportions 
were estimated using a random effects model, which takes 
into account the correlation of both eyes inside subjects.10 

Supplementary material is provided for details about the 
specification of these models in Annex 2. Using these 
models, we can obtain estimations of means and propor-
tions with their correspondingly 95% confidence intervals 
along with estimation of the intraclass correlation 
coefficient,11 an index that, for this case, can be considered 

as the effective correlation of the measures between eyes 
of a given subject.

In order to characterize the use of different electronic 
devices by the children in this study, we used the mixed- 
cluster methodology proposed by Lebart et al (1995). In 
short, we were searching for groups of children with 
similar times of exposure to different devices (smart-
phones, television, tablets, computers, other devices, and 
overall time of screen exposure). Since these characteris-
tics are present at the subject-level, there is no need to 
account for any correlation between measures, and the 
classical cluster methods can be applied freely. From this 
analysis, we obtained groups of patients that represent 
different profiles of device use.

Finally, in order to assess possible relations of the 
previously obtained profiles of device use with subject- 
level and eye-level characteristics, the following strategy 
was used: for subject-level quantitative characteristics, the 
statistical associations with profiles of device use were 
evaluated by means of a linear model with heterogenous 
variance.12 In short, this model assesses differences of the 
mean quantitative characteristic of all profiles against one 
selected as reference. From this model, we reported mean 
differences as effect measure. This model is very similar to 
the traditional ANOVA model; however, the assumption of 
homoscedasticity is no longer required since different var-
iances are allowed per group. In the case of categorical 
characteristics, the statistical associations with profiles of 
device use were evaluated by means of chi-square test of 
independence. In this case, conditional proportions are the 
effect measure presented for each profile of device use.

To assess relations of eye-level characteristics with the 
profiles of device use, generalized linear mixed models were 
used.10 These models are very similar to the random effects 
models presented previously, however a set of fixed terms 
are included now to account for differences due to profiles of 
device use. See supplementary material (Annex 2) for details 
about the specification of these models. From these, we 
obtained mean differences of all profiles against one selected 
as reference for quantitative eye-level characteristics and 
odds ratios for dichotomic qualitative eye-level characteris-
tics, along with their correspondingly 95% confidence inter-
vals. For these generalized linear mixed models, p-values for 
significance of terms related to profiles of device use were 
derived using the likelihood ratio test.

All these analyses are exploratory, due to the nature of 
the study design and the results cannot be extrapolated to 
any population. Significance level for all test was set to 
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5%. All statistical analyses were done using R software 
version 4.0.2.13 Generalized linear mixed models were 
fitted using lme4 R package.14 Linear models with hetero-
genous variance were fitted using R package nlme.14 

Intraclass correlation coefficient for generalized mixed 
models were calculated following Nakagawa et al 2017, 
implemented in R package performance.15

Results
We evaluated 60 healthy children between 7 and 17 years 
of age (mean age, 12 years). The proportions of girls and 
emmetropes were 41.6% and 51.6%, respectively. Eighty- 
five percent of the participants were born in the Andes 
Regions and all the participants lived in the urban area of 
Bogotá. The average OSDI result was 9.98 ± 8.51 points. 
Additional demographic data information is shown in 
Table 1.

Interviews revealed that daily screen time use was 
approximately 5.59 ± 2.77 hours; smartphones were the 
most popular type of screen, followed by television, com-
puter, tablet, and other screens. More detailed information 
regarding screen use is shown in Table 2.

The mean results of the ocular surface tests are shown 
in Table 3 and Figure 1-6, compared with adult normal 
values established by TFOS DEWS criteria.

In cluster analysis, we identified three device user 
groups: 1) participants with a principal preference for 
television; 2) participants with a preference for smart-
phones and computers; and 3) participants with 
a preference for tablets. Among these groups, age dif-
ferences are notable, the younger children were distrib-
uted in group 3 and the oldest in group 2. The profiles 
and ocular surface tests of the three groups are shown in 
Table 4.

For diagnosis of DED in our study population, we used 
the TFOS DEWS II diagnostic criteria for adults (OSDI 
>13 points plus one or more of the following: break-up 
time <10 seconds, tear osmolarity ≥308 mOsm/L in either 
eye or interocular difference >8 mOsm/L, >5 corneal 
spots, >9 conjunctival spots),3 due to lack of criteria for 
children (Table 5).

Notably, 100% of the children in this study exhibited 
abnormal results in at least one of the eleven ocular sur-
face tests performed, compared with normal adult values. 
We did not find any statistically significant association 
between the use of electronic devices and the results of 
any ocular surface tests.

Discussion
There is a paucity of data related to the values of ocular 
surface tests in the pediatric population; thus, existing 
studies have compared pediatric values to normal adult 
values. A meta-analysis by Chidi-Egboka et al16 men-
tioned further studies are needed to determine the effect 
of variables such as ethnicity, age, sex, and risk factors on 
the ocular surface tests results in children. It is important 
to standardize normal pediatric ocular surface tests values 
as it will help to recognize, prevent and treat opportunely 
ocular surface diseases in this population.

In our study, we found that 100% of our participants 
used screen devices. In contrast, Moon et al6,17 described 
a rate of screen use of 50% to 55.4% in healthy children 

Table 1 Demographic Characteristics of the Participants

Characteristics Value

Boys (% of participants) 58.3%
Girls (% of participants) 41.6%

Age (mean ± standard deviation), years 12.08 ± 3.04

Weight (mean ± standard deviation), kg 44.48 ± 16.8
Height (mean ± standard deviation), cm 149.68 ± 18.67

Birthplace The Andes region 85% 

Caribbean region 3.33% 

Orinoquia region 6.66% 
Foreigners 5% 

Pacifico and the Islands 

region 0 
Amazonas region 0

Refractive diagnosis Emmetropes 51.66% 
Hyperopic astigmatism: 30% 

Myopic astigmatism 16.66% 

Myopia 1.66% 
Hyperopia 0

OSDI (mean ± standard deviation), 
points

9.98 ± 8.51

Abbreviation: OSDI, Ocular Surface Disease Index Score.

Table 2 Device Profiles

Device Percentage of 
users

Daily Use Time 
(Hours)

Any screen 100% 5.59 ± 2.77

Television 70% 1.64 ± 1.94
Tablet 20% 0.55 ± 1.46

Smartphone 88.33% 2.26 ± 2.48

Computer 55% 1.21 ± 1.84
Other screen devices 1.6% 0.05 ± 0.38
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and 71% to 96.7% in children with DED. Computer and 
TV times were comparable to the ones found in our 
study, but smartphone time was lesser than ours in 
Moon et al6,17 sample (0.93 ± 1.01 daily hours). In 
a study by Olds et al18 a mean daily screen time of 3.83 
hours was reported, which is also lesser than our results. 
According to these studies, it seems that our population is 
more exposed to screens than other children. This could 
be attributed to an increase in digital education system 
during the last few years, as the previous reports were 
published 4, 6 and 14 years ago, respectively. The current 
time of smartphone use in children according to different 
cultures is not well known, but it is known to be increas-
ing around the world.

When comparing our ocular surface tests results to 
regular adult values, we found lid margin, tear menis-
cus height, NITBUT, temporal conjunctival redness, 
nasal conjunctival redness, osmolarity and Schirmer 
mean values in our population were normal. This 
does not mean that these values were not altered in 
any children, but that the mean value did not show 
alteration. This could be evidenced in the ranges 
showed in Table 3.

Contrarily, abnormal values when comparing to reg-
ular adult values were found in lipid layer thickness, 
osmolarity interocular difference, lissamine green, fluor-
escein, and meibography. No comparable standard adult 
values have been proposed for blink frequency while 

Table 3 Tear Function Test Results

Test Estimate ICC Normal Adult Value

Paper reading blink frequency (blinks per minute with standard deviations) 6.8 ± 5.68 NA No data

Screen reading blink frequency (blinks per minute with standard deviations) 8.7 ± 7.14 NA No data

Regular lid margin in percentage [CI 95%] 99.99% [99.88%-100%] 0.98 Regular

Thin Lipid layer in percentage [CI 95%] 44.74% [0–99%] 0.88 Thick41

Tear meniscus height in mm[CI 95%] 0.19 [0.18–0.20] 
See Figure 1

0.56 ≥0.20 mm41

NITBUT in seconds [CI 95%] 12.44 [10.99–13.9] 
See Figure 2

0.75 ≥10 seconds3

Nasal conjunctival redness [CI 95%] 0.86 [0.77–0.94] 
See Figure 3

0.72 Jenvis Classification8

Temporal conjunctival redness [CI 95%] 0.96 [0.87–1.04] 0.62 Jenvis Classification8

Tear osmolarity in mOsm/L [CI 95%] 299.3 [295.14–303.45] 0.70 ≤308 mOsm/L3

Tear osmolarity interocular difference in mOsm/L (with standard deviations) 10.1 ± 9.21 NA Difference between eyes ≤8 mOsm/L3

Schirmer test in mm [CI 95%] 23.73 [21.28–26.18] 0.84 ≥10 mm/5 minutes3

Lissamine green Grade 0: 21.66% 

Grade 1: 45% 
Grade 2: 23.33% 

Grade 3: 10% 

See Figure 4

NA <9 conjunctival spots3

Positive fluorescein Grade 0: 46.66% 

Grade 1: 33.33% 
Grade 2: 13.33% 

Grade 3: 6.66% 

See Figure 5

NA <5 corneal spots3

Any loss of meibomian glands [CI 95%] 36.64% [13.51–63.9%] 

See Figure 6

0.79 Meiboscale42

Abbreviations: ICC, intraclass correlation coefficient; NITBUT, non-invasive tear break-up time.
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reading on screen and blink frequency while reading on 
paper.

Almost half the participants of this study had thin lipid 
layer. It was measured by interferometry but with the 
limitation that the device used gave a subjective classifica-
tion of the thickness; thin or thick. Chidi-Egboka et al16 

mentioned that lipid layer thickness was reported in arbi-
trary values among the studies they reviewed; moreover, 
lipid layer thicknesses were not comparable with reported 
values in healthy adults.

To the best of our knowledge, the study by Tone et al19 

is the only prior study that evaluated the interocular 

difference value. They reported a difference of 8.2 ± 6.6 
mOsm/L between eyes, whereas our mean value for this 
measurement was 10.1 ± 9.21 mOsm/L. We found a wide 
spectrum, ranging from 0 to 45 mOsm/L, this is why our 
standard deviation is wide.

Villani et al20 study showed that the mean grade of 
lissamine green was 0.19 ± 0.46, which indicated that the 
majority of participants had negative conjunctival staining, 
whereas our population exhibited a greater percentage of 
positive conjunctival lissamine green staining (78.34%). 
As we obtained a great positive lissamine green value, it 
was important to take into account the test’s predictive 

Figure 1 Tear meniscus height of 0.11 mm in a study participant.

Figure 2 NITBUT of 4.28 seconds in a study participant.

Figure 3 Nasal and conjunctival redness in a study participant.
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values. Alves et al21 performed a study comparing dry eye 
diagnostic tests, finding that the most sensitive (S) and 
specific (E) test was OSDI (S 84.2% - E 100%) while 
the least accurate was lissamine green staining (S 83.2–-
100% - E 18.2–34.2%). Therefore, we performed a 2x2 
table comparing OSDI and lissamine green as diagnostic 
tests for dry eye. This analysis showed that 30% of the 
sample where true positives for dry eye disease by means 
of lissamine green results. Although, it is important to note 
that most of the children who presented positive lissamine 
green staining had another DED sign (except 2 children).

More than half of the participants had positive fluor-
escein corneal staining. In contrast, Villani et al20 pre-
viously reported a mean fluorescein grade of 0.03 ± 0.17, 
which indicated that the majority of the participants had 
negative corneal staining. Similarly, Tone et al22 found 

a mean of 0.2 ± 10.4 of corneal staining, being 20% of 
their healthy patients positive for corneal staining. These 
results demonstrated that our population had a higher 
grade of corneal staining than normal adult values, as 
well as other healthy children.

In our study, we found that more than one-third of the 
participants had at least some grade of meibomian gland 
loss. Nevertheless, it is important to take into account that 
Grade 1 in the Meiboscale could be attributed to 
a physiological gland loss.23 Therefore, if we take grades 
2 to 4, 20% of our population would be positive for 
significant meibomian gland loss. Similarly, Gunay et al24 

found that nearly 16.54% of the healthy children had some 
grade of meibomian gland loss. Villani et al20 found that 
meibomian gland dropout, by Meiboscore, was 0.24 ± 
0.03. When these two studies are compared with our 
results, our population exhibits greater meibomian gland 
loss. Contrarily, Gupta et al25 reported meibomian gland 
atrophy in 42% of their healthy participants and meibo-
mian gland tortuosity in 37%; the majority of participants 
exhibited mild atrophy. More recently, another study in 
2019 performed by Dereli Can et al26 demonstrated 57% 
prevalence of meibomian gland atrophy in 43 healthy 
children. These results are greater than the ones reported 
in our study.

Blink frequency is an indirect measurement for ocular 
surface problems, specially DED. TFOS DEWS II3 estab-
lished that blinking spacing leads to drying areas 

Figure 4 Oxford 3 lissamine green staining in a study participant.

Figure 5 Oxford 3 fluorescein staining in a study participant.

Figure 6 FIGURE 6A: 0% meibomian gland loss in a study participant. FIGURE 6B: 
50%–75% meibomian gland loss in a study participant.

Clinical Ophthalmology 2020:14                                                                                             submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
3433

Dovepress                                                                                                                                                 Rojas-Carabali et al

http://www.dovepress.com
http://www.dovepress.com


evidenced in tear film disorders. Thus, it is important to 
observe this measure in order to assess the need of per-
forming other ocular surface tests. In the same way, some 

studies have demonstrated that reading conditions or close 
visual tasks may decrease spontaneous eyeblink rate, 
which ranges from 10 to 15 blinks/min.3,27,28 

Table 4 Profiles of Cluster Groups

Characteristics Group 2: Smartphone 
and Computer 
Preference 
(Reference)

Group 1: Television 
Preference vs Group 2

Group 3: Tablet 
Preference 
vs Group 2

p-values

Age (mean ± standard deviation), years 14.28 ± 1.85 11.36 ± 3.06 10.5 ± 2.42 0.003

Screen exposition time (mean ± standard 

deviation), hours

8.32 ± 2.26 4.18 ± 2 6.83 ± 1.16 <0.0001

Smartphone time (mean ± standard 
deviation), hours

4.85 ± 2.53 1.17 ± 0.9 1.5 ± 1.04 <0.0001

Tablet time (mean ± standard deviation), hours 0 0.18 ± 0.49 4.33 ± 2.06 <0.0001

Computer time (mean ± standard 

deviation), hours

2.60 ± 2.78 0.90 ± 1.23 0.16 ± 0.40 0.004

Television time (mean ± standard 

deviation), hours

1.5 ± 2.37 1.91 ± 1.87 0.83 ± 1.16 0.143

Other screen time (eg, portable video 

games) (mean ± standard deviation), hours

0.21 ± 0.8 0 0 0.207

OSDI (mean ± standard deviation), points 9.53 ± 10.41 9.78 ± 8.01 10.08 ± 7.16 0.737

Tear meniscus height (mean ± standard 

deviation), mm

0.20 [0.18–0.22] − 0.01 [−0.03–0.01] −0.03 [−0.07–0.00] 0.22

Thin lipid layer 0.73 [0.06–0.90] 27869890 

[18065.48–292646395088.58]

0.52 [0–1688.68] 0.002

NITBUT (mean ± standard deviation), 

seconds

11.76 [8.88–14.64] 1.45 [−2.03–4.93] −0.99 [−6.41–4.42] 0.49

Osmolarity (mean ± standard deviation), 

mOsm/L

304.17 [293.45–314.90] −6.84 [−16.92–3.22] −4.59 [−20.32–11.13] 0.4

Tear osmolarity Interocular difference 

(mean ± standard deviation), mOsm/L

13.21 ± 10.87 7.92 ± 5.57 18.83 ± 17.05 0.107

Schirmer test 27.39 [22.72–32.06] −3.87 [−9.58–1.82] −9.72 [−18.62–0.82] 0.09

Nasal conjunctival redness 0.82 [0.68–0.96] −0.07 [−0.11–0.27] −0.11 [−0.41–0.18] 0.32

Temporal conjunctival redness 1.01 [0.79–1.23] −0.03 [−0.25–0.17] −0.19 [−0.53–0.14] 0.51

Paper reading blink frequency (times 

per minute)

7.14 ± 6.44 6.28 ± 4.78 9.16 ± 9.19 0.970

Screen reading blink frequency (times 

per minute)

10.57 ± 8.66 7.34 ± 5.87 11.5 ± 9.24 0.495

MG any loss grade 0.41 [0.00–0.99] 1.83 [0.09–40.70] 0.45 [0.00–33.57] 0.72

Lissamine green positive staining (%) 81.58% 71.43% 66.66% 0.587

Fluorescein positive staining (%) 52.64% 50% 66.66% 0.779

Abbreviations: OSDI, Ocular Surface Disease Index Score; NITBUT, non-invasive tear break-up time; SE, superior eyelid; MG, meibomian glands; IE, inferior eyelid.
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Accordingly, blink frequency while reading on paper and 
screen rates were reduced compared to spontaneous blink 
rate in our study. Although blink frequencies while reading 
have been studied, no normal values for these measure-
ments have been established in adults, nor children. 
Argilés et al,27 reported a mean spontaneous blink rate of 
15.5 blinks/min, a mean blink frequency while reading on 
paper of 4 blinks/min, and mean blink frequency while 
reading on screen of 6 blinks/min. Koslowe et al,29 

reported a blink frequency while reading on screen of 
17.15 blinks/min and blink frequency while reading on 
paper of 15.42 blinks/minute. Abusharha et al28 found 
a blink frequency while reading a book of 11.35 ± 10.20 
blinks/min and a blink frequency while reading on screen 
of 14.93 ± 10.90 blinks/min. All these study results coin-
cide with our results, taking into account blink frequency 
while reading on screen was always greater than blink 
frequency while reading on paper. This might be attributed 
to a poorer image quality in screen devices30 or differences 
in gaze angles during screen versus paper reading.31

We found that age was statistically related with screen- 
use profiles. The younger children had tablet preference, 
while the oldest preferred smartphones and computers (p = 
0.003). Considering we used a non-probabilistic sample 
size; no statistical associations were found between 
screen-use profiles and differences among ocular surface 
tests. Further studies with a probabilistic sample size cal-
culation may show a more accurate relation between 
screen-use and ocular surface tests alterations.

One-third of the population in our study had DED 
diagnosis based on the TFOS DEWS II criteria.3 This 
DED prevalence was higher than the prevalence reported 
in previous studies. Uchino et al4 described DED preva-
lence of 4.3% in boys and 8% in girls aged between 15 
and 18 years in a study of 3.433 Japanese high school 
students. They used the Schaumberg questionnaire as 
a diagnostic tool. However, no clinical evaluations were 
performed in these individuals. Moon et al17 found that 
6.6% of children from eight primary schools in Korea met 

the criteria for diagnosis of DED. In that study, prevalence 
was higher in the urban group (8.3%) than in the rural 
group (2.8%); it was also higher in upper grades (9.1% in 
grades 4 to 6) than in lower grades (4% in grades 1 to 3). 
Nevertheless, it is important to note that this study used 
the International Dry Eye Workshop guidelines, not the 
TFOS DEWS II. Interestingly, Kim et al32 reported a DED 
prevalence of nearly 20% in Asian children and a DED 
prevalence of less than 10% in Caucasian children.

Because we assessed normal pediatric population in 
Bogotá, it is essential to consider that this group is 
exposed to environmental factors (eg, pollution, ultraviolet 
radiation, and high altitude), which could affect the ocular 
surface.33 These environmental factors,7,34 the use of 
screen devices6,7,17 and lid disorders7 could lead to exces-
sive air exposition, reduced blink frequency, eye closing 
alterations, and tear film instability, among others. All 
these have been closely related with evaporative dry eye 
disease. Thus, we propose this as the probable etiology of 
DED in one-third of our population.

Limitations
Several questionnaires and scales, such as OSDI, Symptoms 
Assessment in Dry Eye (SANDE), 5-item Dry Eye 
Questionnaire (DEQ-5), McMonnies Dry Eye 
Questionnaire, Visual Analogue Scale (VAS) for self- 
assessment of ocular discomfort, and Standard Patient 
Evaluation of Eye Dryness (SPEED) have been validated in 
adults for evaluating DED symptoms.35–37 However, as men-
tioned before, normal tear test values have not been validated 
in children, nor have normal OSDI test values. Nevertheless, 
we decided to use this questionnaire in our pediatric popula-
tion as it has proven to possess a superior discriminative 
ability and has been recommended in adults by the TFOS 
DEWS II.27,29 Additionally, OSDI evaluates diverse symp-
toms and their duration in a more objective way.21

Although this questionnaire was performed by the chil-
dren, their parents sometimes helped them to read the test 
and answer it sufficiently. Accordingly, we cannot rule out 
the possibility that the children’s results may have been 
influenced by assistance from their parents.

Among TFOS DEWS II tests we decided to use a wide 
pool of ocular surface tests, leaving some aside. 
Conjunctival lid margin staining was one of them, but it 
is important to take into account it is generally used when 
there are dry eye symptoms and the other diagnostic tests 
are negative, as it is an early finding. In our study, all 
children who had OSDI ≥ 13 had at least one criterion for 

Table 5 Diagnosis of DED Using TFO DEWS II Criteria

Criteria Percentage

OSDI >13 points and 1 or more signs of DED 33.33% (20 children)
OSDI >13 points without signs of DED 0

OSDI <13 points and 1 or more signs of DED 65% (39 children)

OSDI <13 points without signs of DED 1.67% (one child)

Abbreviations: OSDI, Ocular Surface Disease Index Score; DED, dry eye disease.
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making the diagnosis of dry eye, according to the TFOS 
DEWS II criteria.3 None of the children had OSDI ≥ 13 
without any positive finding. Thus, including this test 
would have not changed our results. In the same way, 
positive results of this test have been reported to be more 
related with contact lenses use,39,40 which none of our 
participants used.

Although this study was performed with a non- 
probabilistic convenience sample size, osmolarity intero-
cular difference showed a negative tendency with a wide 
standard deviation, which is a limitation. Further studies 
with probabilistic sample size calculations may show 
reduction in the results range.

Conclusion
Taking into account scarcity of specific pediatric values of 
ocular surface tests, we performed a clinical investigation 
involving a selected pool of ocular surface tests in chil-
dren. It is important to standardize normal pediatric ocular 
surface tests values as it will help to recognize, prevent 
and treat opportunely ocular surface diseases in this 
population.

Although healthy asymptomatic children were included 
in this study, we found that all participants exhibited 
abnormal values in at least one ocular surface tests. In 
addition, a diagnosis of DED could be established in at 
least 33.3% of the population, when using the TFOS 
DEWS criteria for adults. We presume these findings 
could be related to environmental factors.33 No statistical 
associations were found between screen use and test 
results. This study provides a basis for further investiga-
tion on the prevalence of abnormal ocular surface tests in 
healthy pediatric population and possible associated fac-
tors. It would be relevant to carry out further multicentric 
studies to compare our ocular surface tests’ results with 
other groups of children.

Abbreviations
OSDI, Ocular Surface Disease Index Score; NITBUT, 
Non-invasive tear film break-up time; TF, Tear film; 
TFOS, Tear Film and Ocular Surface Society; DEWS, 
Dry Eye Workshop; DED, Dry eye disease.
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