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ABSTRACT

Objective: This study determined the prevalence of dry eye disease (DED) in a community located in a high-
altitude tropical city in the Philippines.

Methods: This was a cross-sectional study conducted in Barangay Lualhati in Baguio City from March 2019
to September 2022. Convenience sampling was done in recruiting adult permanent residents of the community.
The participants underwent standardized DED evaluation consisting of symptom questionnaire, Ocular Surface
Disease Index (OSDI) scoring, slit-lamp examination, fluorescein tear break-up time (TBUT) measurement,
ocular surface fluorescein and lissamine green staining, and Schirmer test with and without topical anesthesia.
DED was classified as aqueous tear deficiency type, evaporative type, or mixed type.

Results: Data from 272 participants were analyzed which represented 23% of the adult population of the
community. There were 111 participants who fulfilled the DED definition, and the prevalence rate of DED
was 41%. The mean age of those with DED was 43.0 £ 17.6 years while the mean age of those without DED
was 51.8 * 106.6 years (p<<0.001). More females (60%) had DED than males (40%). Majority (82%) reported
use of digital devices as the main exacerbating factor. Mean OSDI score was significantly higher in those with
DED than in those without DED (27.2 + 6.8 and 10.7 * 6.4, respectively) (p<<0.001). Corneal and conjunctival
staining scores were also significantly higher in subjects with DED. Evaporative DED was the most common
(88.3%). Mixed-type DED was seen in 11.7%. None had pure aqueous tear deficiency dry eye.

Conclusion: The prevalence rate of DED is greater in areas of higher altitude and DED can be exacerbated
by prolonged screen time. This condition is no longer just a problem of the elderly and is now also seen in
younger patients. All symptomatic patients should undergo tear break-up time evaluation since evaporative or
short TBUT is the predominant type of DED.
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Dry eye disease (DED) is a major
ophthalmological health problem globally. As
defined by the consensus report of the Asia Dry Eye
Society (ADES), dry eye is a multifactorial disease
characterized by unstable tear film causing a variety
of symptoms and/or visual impairment, potentially
accompanied by ocular surface damage.! Patients
with DED experience a plethora of symptoms which
may compromise vision-related quality of life.
Advanced age, female sex, hormonal changes,
refractive surgery, smoking, connective tissue
disease, use of video display terminals, and
environmental factors such as altitude and humidity
are some of the known risk factors of DED.?
Advancements in and increased exposure to digital
devices have resulted in DED becoming a public
health issue across various age groups, including the
younger generation.

The prevalence of DED ranges from 5% to
35% and is influenced by geographic location,
lifestyle of people, and the use of different diagnostic
criteria.’ In the Philippines, the only published study
on DED by Panggat, Covar, and Lim Bon Siong
showed a prevalence rate of 23% in a community in
Metro Manila which is a highly urbanized area
located at sea level.* To the best of our knowledge,
there is no other published literature regarding the
prevalence of DED in other communities in the
Philippines.

Baguio City is a mountain tropical city located
north of Manila, in the Benguet Province of the
Cordillera Region in the Philippines. This city has a
unique climate owing to its 5,000 feet elevation which
is classified as high-altitude.5 All year round, the city’s
temperature and humidity are lower compared to
most parts of the country. Due to the potential effect
of altitude in DED, there is a need to expand
epidemiological studies to more geographic regions.
Other studies in Asia such as the Henan Eye Study
reported a prevalence rate of 50% at a high-altitude
locality in Mongolia.® A study in Northern India with
a higher elevation of 3,300 meters reported a
prevalence of 54%.7 The aims of this research were
to determine the prevalence, demographic profile,
and clinical findings of DED in a high-altitude urban
area in the Philippines and to compare it to the

prevalence rate in an urban area in Metro Manila
using the same set of diagnostic criteria for DED.

METHODS

This was a community-based, cross-sectional
study conducted from March 2019 to September
2022 through convenience sampling of residents
living in Barangay Lualhati, Baguio City. The study
protocol was reviewed and approved by the
University of the Philippines Manila Ethics and
Review Board. Residents aged 19 years old and
above were recruited with the cooperation of the
officials of the barangay. Those who did not give
consent or those with corneal pathologies, ocular
infections and inflammation, lid abnormalities,
history of ocular surgery within the last 6 months,
and those who were using any form of ocular drops
were excluded.

Once participants were deemed eligible and
after they signed the written informed consent,
demographic data and clinical symptoms were
obtained and recorded. Each study participant
answered two self-administered questionnaires: the
Dry Eye Form of the Philippine General Hospital
(PGH) and the Ocular Surface Disease Index (OSDI)
questionnaire. Each participant underwent ocular
examination and dry eye tests performed by a single
trained ophthalmologist who was masked to the
answers on the questionnaires. Ocular examination
was carried out in the following order: (1) gross and
slit-lamp examination of the anterior segment and
eyelid margin to check for presence of lid margin
telangiectasia, collarettes/fibrin crust, and
meibomian gland plugging, (2) fluorescein tear break-
up time (TBUT) measurement, (3) fluorescein
staining on the cornea, (4) lissamine green staining
on the conjunctiva and posterior lid margin, (5)
Schirmer 1 test, and (6) basal secretion test (BST).
Degree of corneal and conjunctival staining were
graded with the Oxford Scale. Lastly, meibum
secretion and quality were evaluated by applying
digital pressure on both the upper and lower tarsus.
All the interviews and clinical examinations were
done at the barangay hall of the community. During
the study period, ambient temperature ranged from
18.1C-20.7C, and humidity ranged from 84%-93%.
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A diagnosis of dry eye disease was made if the
participant had one or more symptoms rated as
“most of the time” or “all of the time” in the OSDI
questionnaire and/or a TBUT of less than 10
seconds and/or a Schirmer 1 test of less than 10 mm
or a BST of less than 5 mm. DED was further
categorized into 3 types: evaporative/short TBUT,
aqueous tear deficiency (ATD), or mixed type.
Evaporative/short TBUT type DED was diagnosed
when there was an abnormal TBUT with normal
Schirmer 1 and BST; ATD was diagnosed when
TBUT was normal but with abnormal Schirmer 1 or
BST; and mixed type was diagnosed when features of
both evaporative/short TBUT and aqueous tear
deficiency dry eye were present.

Statistical Analyses

Descriptive statistics was used. T-test was done
to compare two continuous variables. Prevalence rate
with 95% confidence interval was computed. Chi
square test was used to determine associations
between the disease outcome and the risk factors
identified. All p-values <0.05 were considered
significant.

RESULTS

Out of the 1,200 adult population in Barangay
Lualhati, 274 participants were recruited in the study
(22.7%). Two participants were excluded because
they were not residents of the community. Data from
the 272 participants were included and analyzed.
Based on the diagnostic criteria for DED used in this
study, 111 out of 272 participants were diagnosed to
have DED, giving a prevalence rate of 41%.

Table 1 shows the mean age among the dry eye
group was 43 years, which is significantly lower
compared to those without dry eye at 51.8 years.
More females were diagnosed with dry eye (59.5%)
compared to males (40.5%). Majority of the
participants were college graduates or in college level
of education (75%). The most common concomitant
systemic  conditions in both groups were
hypertension (21%) and diabetes mellitus (3.7%).
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However, there were significantly more participants
with hypertension in the dry eye group.

Table 1. Demographic Profile of Participants

Variables Number With Without P-
of Dry Eye Dry Eye value

Subjects (n=111) (n=161)

(n=272)
Mean age * 43.0 = 518+ <0.001
SD, in years 17.6 16.6
Sex, n (%) 0.52
Female 168 (61.8) 66 (59.5) 102 (63.4)
Male 104 (38.2) 45 (40.5) 59 (36.6)
Civil Status, 0.03
n (%)
Married 153 (56.3) 73 (65.8) 80 (49.7)
Separated 3(1.1) 1(0.9) 2(1.2)
Single 91 (33.5) 26 (23.4) 65 (40.4)
Widow 25 (9.2 11 (9.9 14 (8.7)
Educational 0.49
Attainment,
n (%)
College 204 (75) 79 (71.2) 125 (77.6)
Elementary 6(2.2) 2 (1.8) 4 (2.5)
High school 59 (21.7) 28 (25.2) 31 (19.3)
Vocational 3 (1.1) 2 (1.8) 1 (0.6)
Occupation, 0.51
n (%)
Business 26 (9.6) 9 (8.1 17 (10.6)
Labor 38 (14.0) 12 (10.8) 26 (16.1)
Professional 54 (19.9) 24 (21.6) 30 (18.6)
Unemployed 154 (56.6) 66 (59.5) 88 (54.7)
Systemic 0.02
Conditions,
n (%)
Hypertension 57 (21.0) 42 (37.8) 15 (9.3)
Diabetes 10 (3.7) 5 (4.5) 5@3.1)
mellitus
Rheumatoid 1(0.4) 1(0.9) 0
arthritis
Cataract 9(3.3) 8 (7.2) 1 (0.6)
surgery
Coronary 1(0.4) 1(0.9) 0
artery disease
Gout 1(0.4) 1(0.9) 0

Figure 1 shows that the most common
exacerbating condition in those with DED was
screen time either using a personal device like a
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computer, watching TV, or playing video games
(82%) followed by wind or fan use (29.7%).

compute 1y vses Game e | <. 0%

Wind/Fan 29.7%
Sleep Deprivation 20.7%
Leisure Reading 13.5%
None 7.2%

Charcoal/Firewood use 2.7%

Exacerbating Conditions

Airconditioning  2.7%

Riding Vehicles 2.7%
000k 1000%  2000%  3000%  40%  S000%  GOO%  7000%  BOCON  90.00%

Percentage (%)

Figure 1. Exacerbating Conditions of Dry Eye Symptoms (n=111)

Figure 2 shows that the most common dry eye-
related symptoms were foreign body sensation (55%)
and burning or stinging sensation (51.4%).

Foreign Body Sensation | 55.0%
Burning/Stinging sensation I 51.4%

Blurry Vision 26.1%
Tearing 20.7%
Dry Sensation 19.8%
E Photophobia 14.4%
S Itching 9%
g Fluctuation of Vision 6.3%
a Irritation/discomfort 6.3%
Sticky Sensation 5.4%
Eye Strain 5.4%
Redness 4.5%

Mucus Discharge | 1.8%
Increased Blinking 0

Percentage (%)

Figure 2. Frequency of Dry Eye Symptoms (n=111)

Table 2 shows the mean OSDI score of
participants with dry eye (27.2 £ 6.8) was significantly
higher than the mean score of those without dry eye
(10.7 £ 6.4) (p<0.001). The mean TBUT was
significantly lower in participants with dry eye (4.2 £
1.4 seconds) compared to those without dry eye (10.6
+ 2.8 seconds) (p=0.001). The corneal, conjunctival,
and posterior lid margin staining scores in
participants with dry eye were significantly higher
compared to those without dry eye (p=0.001). Mean
Schirmer 1 and BST scores were significantly lower
at 14.7 and 10.5 mm, respectively, for the dry eye
group compared to 17.0 and 12.1 mm, respectively,
in those without dry eye (p=0.001).

Figure 3 shows the distribution of the types of
DED. Evaporative/short TBUT type of dry eye was
the predominant form of dry eye in our study
(88.3%) followed by the mixed type of dry eye
(11.7%). There were no participants with pure
aqueous deficiency type of dry eye identified in this
study.

Table 2. Comparison of Clinical Findings Between Groups (per
eye)

With Without P-

Dry Eye Dry Eye

(n=111) (n=161) value
Mean OSDI Score +
SD 27.2+6.8 10.7 £ 6.4 <0.001
Mean TBUT + SD 42+14 10.6 £ 2.8 0.0001
(seconds)
Mean corneal 1.1+£0.8 03105 0.0001
staining score + SD
Mean conjunctival 1.0+1.1 02104 0.0001
staining score + SD
Number of eyes 68 (31%) 10 (3%) 0.0001
with PLM staining
%)
Mean Schirmer 1 + 147 £3.4 17.0 £ 2.9 0.0001
SD (mm)
Mean Basal 10.5 £ 3.0 121£25 0.0001
secretion test + SD
(mm)

OSDI — Ocular S nrface Disease Index; SD — standard deviation; TBUT — Tear
break-up time; PLM — Posterior lid marginy mm - milimmeter

® Evaporative Type = Mixed Type

Figure 3. Types of Dry Eye Among Participants (n = 111)

DISCUSSION

In this prevalence study conducted in a high-
altitude urban community in the Philippines, the
DED prevalence rate was 41% which is higher
compared to the prevalence rate reported by Panggat
et al. of 23% in a sea level community in Metro
Manila.* This is consistent with the increased
prevalence of dry eye in studies done in high-altitude
localities in Asia (50% and 54%).57 In high-altitude
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areas, the prevailing weather conditions and lower
humidity levels compromise the tear film and
increase tear evaporation promoting development of
DED.¢

A portion of the study was done during the
COVID-19 pandemic where there was a significant
increase in the use of screens and video display
terminals as mobility of people were limited by global
quarantine measures.® A cross-sectional study in the
USA reported that screen time increased by 20-30%
during the pandemic.® In our study, the most
common exacerbating condition was screen use
(82%). Prolonged screen time could have accounted
for the increased prevalence rate seen in our study.
Panggat ¢z al. reported sleep deprivation (79%) and
video display terminal use (65%) as the most
common exacerbating conditions of dry eye.* The
DED prevalence among those who use video display
terminals was shown in a meta-analysis to range from
9.5 to 87.5% with a global DED prevalence rate of
49.5%.19 A study done in Japan showed that the use
of video screens for more than 4 hours was
associated with a higher risk of DED, with longer
screen time causing more severe symptoms.!h12
Furthermore, a meta-analysis done in 2023 showed
an overall increase in the prevalence of DED to 61%
during the COVID-19 pandemic.!® These results
indicate that the use of video screens is an emerging
risk factor for the development of DED.

In this study, subjects with DED had a mean
age of 43 years compared to 52 years for those
without dry eye. The current mean age is more than
ten years younger compared to the previous
prevalence study done in Manila of 54.6 years.# The
younger age of DED cases is contrary to our typical
understanding that DED is mostly seen in the older
age group. Dry eye symptoms and tear film instability
in the younger population, including children, have
been correlated with video screen time particularly
before bed leading to sleep deprivation and the
development of dry eye.!*!5 Furthermore, this group
is occupationally more active with increased
exposure to video display terminals and air pollution.
Our results underscore prolonged video screen time
as a major factor in the development of DED
especially in the young. The result also signifies a
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paradigm shift that DED is no longer just a problem
of the older age group.

Dry eye symptomatology plays a big role in the
diagnosis of the disease. The dry eye patients in our
study reported foreign body sensation (55%) and
burning/stinging sensation (51.4%) as the two most
common symptoms. This differs from the results of
the study done by Panggat ¢f a/. where the two most
reported symptoms were itching and tearing.* Our
results were consistent with a study in a high-altitude
community in India were foreign body sensation and
grittiness were the most common complaints.?

Table 3 shows a comparison between clinical
tindings in this study and the study by Panggat ez a/.
Our study has a lower TBUT (4.2 £ 1.4 vs 8.8 + 3.1
sec). The corneal staining scores (1.1 £ 0.8 vs 0.3 £
0.9) and conjunctival staining scores (1.0 £ 1.1 vs 0.8
1+ 1.4) in this study were both higher compared to
their study. The presence of posterior lid margin
staining in the dry eye participants was lower in our
study (31% vs 99%). Schirmer 1 and BST results were
lower in our study (14.7 £ 3.4 mm vs 17.1 = 1.0 mm,
10.5 £ 3.0 mm vs 11.9 * 8.0 mm, respectively).*
Although the severity of dry eye was not specified in
both studies, it would appear that this cohort had
worse clinical findings compared to the cohort of
Panggat ¢ al. Risk factors, such as high altitude and
video screen time, should be further investigated to
determine causality with the severity of DED
findings.

Table 3. Comparison of Dry Eye Clinical Signs of this Study vs
Panggat et al.

Parameter Lim Bon |Panggat et al.
Siong et al. (2015)
(2024)

Number of eyes 222 68
Mean TBUT + SD (seconds) 42+ 14 8.8 £ 3.1
Mean corneal staining score £ SD 1.1+£0.8 03109
Mean conjunctival staining score + SD 1.0+1.1 0.8+1.4
Number of eyes with PLM staining (%) | 68 (31%) 68 (99%)
Mean Schirmer 1 + SD (mm) 147 +3.4 171+ 1.0
Mean basal secretion test (mm) 10.5 + 3.0 11.9 + 8.0

TBUT — Tear break-up time; PLM — Posterior lid margin; SD - standard
deviation; mm — millimeter

In this study, evaporative/short TBUT is the
predominant type of dry eye disease and is consistent
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with the results of Panggat ¢ al (88% vs 67%,
respectively). A tertiary hospital-based DED study by
Lim Bon Siong e a4l likewise reported
evaporative/short TBUT dry eye (73%) as the most
common form of DED in their cohort.!¢ This
highlights the importance of TBUT in evaluating and
detecting DED.

In summary, the prevalence rate of DED in
Barangay Lualhati in Baguio City is 41% and is higher
than the published prevalence rate in a community in
Manila. The mean age of participants with dry eye in
this study is younger compared to the participants
without dry eye. Increased screen time is the most
significant identified risk factor for the development
of dry eye. Foreign body sensaton and
burning/stinging sensation are the most common
reported symptoms. Evaporative/short TBUT dry
eye remains as the predominant type of DED.
Clinical findings of dry eye in this study are worse
compared to the study done in Manila. A portion of
this study was done during the COVID-19 pandemic
lockdowns and may have confounded and affected
the data. Selection bias may have also occurred
during the study as residents with mobility issues
either due to age or disabilities were not included in
the sample. It is recommended to conduct similar
studies with uniform diagnostic criteria of DED in
different geographical regions to get a clearer picture
of the prevalence rate of DED in the Philippines.
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