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Abstract:

Objective: To evaluate the prevalence and potential association between dry eye disease (DED) and depression in a
population-based cohort from northern India.

Material and Methods: A cross-sectional study was carried out with 306 participants from northern India, utilizing
two well-established tools: the Patient Health Questionnaire-9 (PHQ-9) to measure depression and the Dry Eye
Questionnaire-5 (DEQ-5) to assess the symptoms of DED. The survey was conducted online through Google Forms.
We determined the prevalence of depression among individuals with DED and categorized the severity of depression
based on PHQ-9 scores into the following groups: asymptomatic (0-4), mild (5-9), moderate (10-14), moderately severe
(15-19), and severe (=20).

Results: Many participants frequently experienced a lack of interest or pleasure in activities (63.7%) and feelings of
sadness and hopelessness (52%). Most alarmingly, daily thoughts of self-harm or being better off dead were reported
by 28.6%. A significant proportion of participants, 82.2%, reported experiencing depressive symptoms. Most experienced
moderately severe (31.0%) and severe (34.0%) depressive symptoms. A strong positive Pearson correlation was obtained
between DED and depression (r=0.84, p-value<0.05), highlighting a significant association between ocular discomfort
and mental health.

Conclusion: The findings indicate a significant association between dry eye disease and a higher likelihood of experiencing
depression, particularly at moderate to severe levels. This highlights the importance of comprehensive patient assessments,

which should include mental health evaluations, especially for those dealing with dry eye disease.
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Introduction

Dry eye disease (DED), often referred to as
keratoconjunctivitis sicca, affects millions of people
worldwide. It’s particularly well-researched in developed
nations, where it's acknowledged as a significant public
health challenge'. Those suffering from DED frequently deal
with uncomfortable symptoms such as dryness, a gritty or
burning sensation in their eyes, pain, light sensitivity, and
the feeling that something is lodged in their eye. These
symptoms can complicate daily activities like reading, using
screens, or driving, ultimately diminishing one’s quality of
life. Beyond the personal discomfort, DED also imposes
a financial strain due to treatment costs and decreased
work productivity’. Dry eye symptoms and clinical signs
are used to diagnose DED; however, there is typically little
association between them®. Questionnaires are among the
best tools for diagnosing DED because they allow us to
hear directly from patients about their symptoms®. One of
the most popular and widely used tools for this purpose is
the Ocular Surface Disease Index (OSDI)®. Other commonly
used questionnaires include the McMonnies Questionnaire,
the Standardized Patient Evaluation of Eye Dryness
(SPEED), the Symptoms Assessment in Dry Eye (SANDE),
and the Dry Eye Questionnaire (DEQ-5)°. The DEQ-5
is a more straightforward version of the original Dry Eye
Questionnaire, featuring just five questions. It zeroes in on
symptoms like discomfort and dryness that tend to worsen
later in the day, the intensity of these symptoms, how often
the eyes feel watery, and how frequently discomfort and
dryness occur. Each question is rated on a scale from 0
to 4, making it easier for clinicians to quickly gauge the
presence and severity of dry eye symptoms.

Depressive disorders are common in the general
population, particularly in primary care and general hospital
settings7. Depression is linked to serious impairments in
physical, social, and occupational functioning, as well as

higher utilization of healthcare®. In many diseases, such as
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coronary heart disease, depressive symptoms are common
coexisting issues that have been shown to raise the risk of
morbidity and mortality’. The Patient Health Questionnaire
(PHQ) is a popular screening tool that helps identify and
diagnose depression along with other common mental
health issues, especially in primary care environments. The
validity of the PHQ questionnaire has been discussed in

various studies'®"

. The PHQ depression scale, often called
the PHQ-9, is made up of 9 questions that align perfectly
with the diagnostic criteria for depressive disorders. Even
though it has fewer questions than some other depression
scales, it still provides comparable sensitivity and specificity,
making it a practical and trustworthy tool for both screening
and diagnosing depression®.

Chronic ocular surface irritation and visual
disturbances in DED significantly impact the quality of life
and daily tasks of those affected, despite these symptoms
being rarely severe. Chronic discomfort related to DED
can adversely affect a patient’s cognitive functions, mood,
and mental health. Several authors, in the past few years,
studied the comorbidities related to DED and the relationship

'3® However, there

between DED and psychiatric disorders
are few studies investigating DED and depression focused
on the Indian population. This study set out to explore how
common depression is among people suffering from DED

in northern India.

Material and Methods

In this work, a population-based cross-sectional
study using convenience sampling was performed to
investigate depressive symptoms among DED patients.
The study was conducted between January and July 2023.
In this study, information on patients exhibiting symptoms
associated with DED was collected from hospital records,
and a total of 312 participants responded. However, 6
participants opted out, and thus data from 306 participants

were analyzed. A psychiatrist validated the questions
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to ensure their authenticity in the context of depressive
symptoms, and ethical approval was obtained before
conducting the study. PHQ-9 and DEQ-5 were used to
assess symptoms of depression and DED, respectively.
The data were collected using a single Google form.
Informed consent was obtained to use the data for
research purposes, and confidentiality was maintained. In
addition to the questionnaires, the distributed form also
included biographical information, such as age, gender,
city, occupational status, educational level, and marital
status. The only criterion for inclusion in the study was
age greater than 15 years. Exclusion criteria: patients
with incomplete patient medical records or those who had
undergone ocular procedures within the last year, such
as crosslinking, corneal transplantation, or laser-assisted
in-situ keratomileusis. The diagnostic criteria were based
on the DEQ-5, which assessed the severity and effect of
the participants’ reported dry eye symptoms. A pilot study
was conducted on 25 participants to evaluate the reliability
of the data collection procedures before collecting the final
data. The responses collected were analyzed using 1BM
SPSS Statistics version 22.0 (IBM Corp., Armonk, NY).

Results

Baseline characteristics

The demographics of participants revealed a nearly
equal distribution of females (53.3%, 169 participants) and
males (46.7%, 148 participants). The age distribution was
wide, with 10.1% under the age of 25, 36.6% between the
ages of 25 and 35, 22.2% between the ages of 35 and
45, 26.8% between the ages of 45 and 55, and 4.3% older
than 55 years. The data revealed that 2% of participants
completed high school, 9.8% had an intermediate education,
44.8% had a bachelor’s, and 43.4% had a master’s
degree. The majority (68%) were married, with 36.3%
being divorced, 8.1% separated, 14.7% widowed, and 35%
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single. In the realm of employment, a majority of participants
(68%) were employed, 32% were unemployed. The study
participants’ characteristics are detailed in Table 1. This table
also highlights their medical history, showing that 89.5%
reported having no chronic illnesses, while 10.5% indicated
they had one or more chronic conditions. Out of these,
30.4% confirmed not having been previously diagnosed
with dry eye, while 69.6% had been diagnosed with dry
eye. Concerning whether a participant had refractive errors:
12.4% had myopia, 14.1% had hypermetropia, 24.2% had
astigmatism, and 49.3% had no refractive errors. Out of all
participants, 93.5% were diagnosed with depression, and

the remaining 6.5% were not.

Table 1 Study characteristics of the analysis sample:
Including demographic data, chronic disease,

diagnosis history, and refractive error

Personal Data/ Variables Frequency  Percent
Age (years)
15-25 31 101
25-35 112 36.6
35-45 68 22.2
45-55 82 26.8
Above 55 13 4.3
Gender
Male 143 46.7
Female 163 53.3
Do you suffer from chronic disease?
Yes 32 10.5
No 274 89.5
Have you been diagnosed with
depression?
Yes 20 6.5
No 286 93.5
Have you been previously
diagnosed with dry eye?
Yes 213 69.6
No 93 30.4
Do you suffer from refractive errors?
Myopia 38 12.4
Hypermetropia 43 141
Astigmatism 74 24.2
No 151 49.3
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PHQ-9 Questionnaire data

Table 2 shows the results assessing mental health
using the PHQ-9 questionnaire (data with percentages less
than 25 are not shown). Notably, a significant proportion
of individuals reported little interest or pleasure in doing
things at all, with 63.7% of respondents indicating that
they felt this way for more than half of the days assessed.
Furthermore, 8.5% reported experiencing this symptom
nearly every day, suggesting a notable level of consistent
and persistent impact on their daily lives. A significant
number of respondents expressed emotions of sadness
and hopelessness, with 52% saying they felt this way for
more than half of the day. Additionally, sleep problems
were common, with 15.1% of individuals reporting difficulty
sleeping or staying asleep for more than half of the
day. Fatigue and low energy levels were also prevalent,
impacting 40.2% of participants for more than half the day.
Changes in appetite and self-esteem were also evident, with
35.9% and 38.2% of participants, respectively, experiencing
these symptoms for more than half the day. Concentration

difficulties were reported by 32% of respondents, while motor

symptoms like slowed movement or restlessness were noted
in 34.4% for more than half a day. Disturbingly, thoughts of
self-harm or a desire to be dead were reported by 38.6%

of participants nearly every day.

Prevalence of depression and its severity

In this research article, depression severity levels
are categorized based on the scores obtained from PHQ-9.
The severity of depression is classified according to specific
score ranges. A score between 0 and 4 means there’s no
depression. A score from 5 to 9 suggests mild depression,
while a score of 10 to 14 indicates moderate depression.
If a score falls between 15 and 19, it reflects moderately
severe depression, and scores ranging from 20 to 27 point
to severe depression. PHQ-9 data used to assess and
compare depressive symptoms are shown in Table 3. Out
of 306 participants, 270 had depression. Among those
with depression, 37 had mild depression, 34 had moderate
depression, 95 had moderately severe depression, and 104

had severe depression.

Table 2 Patient Health Questionnaire (PHQ-9) data (data with a percentage less than 25 is not shown)

Variables Options Frequency Percent
Little interest or pleasure in doing things More than half the days 195 63.7
Feeling down, depressed, or hopeless Several days 85 27.8
More than half the days 159 52.00
Trouble falling or staying asleep, or Several days 84 27.5
sleeping too much More than half the days 138 45.1
Feeling tired or having little energy More than half the days 123 40.2
Nearly every day 97 31.7
Poor appetite or overeating Several days 102 33.3
More than half the days 110 35.9
Feeling bad about yourself or that you are a failure or have let More than half the days 117 38.2
yourself or your family down
Trouble concentrating on things, such as reading the newspaper or Several days 98 32.0
watching television More than half the days 98 32.0
Moving or speaking so slowly that other people could have noticed. More than half the days 105 34.4
Nearly every day 79 25.8
Thoughts that you would be better off dead, or of hurting yourself More than half the days 86 28.1
Nearly every day 118 38.6
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Eye discomfort

Figure 1(a) shows the frequency of participants who
reported discomfort in their eyes during a typical day over
the period of a month. About 12 % reported that they never
or rarely have these symptoms. However, 83.9 % reported
that they sometimes or frequently have these symptoms.
The data showed a broad spectrum of responses, with
the highest percentage, 44.4%, indicating that a significant
portion of participants frequently experienced eye
discomfort. Conversely, the lowest reported percentage,

1.9%, revealed that only a small minority never encountered

this discomfort, highlighting that the issue was prevalent
among the majority of participants. Figure 1(b) represents
the frequency of participants experiencing discomfort within
two hours of going to bed, wherein 71.9% had moderately
or severely intense symptoms, and about 22% had intense
or mild symptoms.

A large percentage, 33%, of individuals experienced
moderate to severe eye discomfort before going to
bed, whereas the lowest percentage, 6.5%, reported no
discomfort, indicating that the problem was prevalent among

the majority of participants.

Table 3 Prevalence and severity of depression among participants diagnosed with dry eye disease

Questionnaire Severity (Score) Frequency Percent

Depression (PHQ-9) No depression (0-4) 36 11.8
Mild (5-9) 37 121
Moderate (10-14) 34 1.1
Moderately severe (15-19) 95 31
Severe (20-27) 104 34

Dry Eye (DEQ-5) Asymptomatic (0-5) 35 1.4
Mild to moderate (6-11) 60 19.6
Severe (=12) 211 69
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Figure 1 Data were collected on eye discomfort experienced (a) during a typical day over the past month and (b) in

the two hours before bedtime
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Dryness and excessive watering

Figure 2(a) signifies the frequency of participants
experiencing dryness in their eyes during a typical day
over the past month. About 18 % revealed that they never
or rarely have dryness in their eyes. However, 71.5 %
reported that they sometimes or frequently have these
symptoms. According to the findings, 43.1% of participants
frequently experience dryness in their eyes, while 10.4%
suffered similar symptoms on a regular basis. The majority
of individuals (42.2%) reported feeling moderately dry
at the end of the day, particularly within two hours of
going to bed. A significantly smaller number, 7.8%, never
experienced any level of dryness. The remaining participants
reported experiencing dryness at a mild intensity. Figure
2(b) illustrates the frequency of participants experiencing
excessively watery eyes during a typical day over the past
month. The data reveal a wide range of responses, with
the highest reported frequency being 45.1% for sometimes
feeling excessively watery. The lowest reported frequency

was only 1.9% for never experiencing this discomfort,
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indicating that a very small percentage of participants were

completely free from this issue.

DED and depression correlation

Figure 3 shows a scatter plot with DEQ-5 scores
on the x-axis and PHQ-9 scores on the y-axis for
all participants in the study. A strong positive Pearson
correlation was obtained between DED and depression
(r=0.84, p-value<0.05), highlighting a significant association
between ocular discomfort and mental health. Additionally,
a linear fit line is shown on the scatter plot to illustrate
the correlation between depression and dry eye disease.
The slope of the line is 1.288, which indicates a positive
correlation between DEQ-5 and PHQ-9 scores, suggesting
that as the DEQ-5 scores increase (indicating more
severe dry eye symptoms), the PHQ-9 scores also tend
to increase (indicating more severe depressive symptoms).
This correlation suggests that individuals with higher levels
of dry eye symptoms are more likely to experience higher

levels of depressive symptoms.

Excessive watering in eye during a typical day over past month

120 -

100 |

o
=
i

60 -

Frequency

Figure 2 Data on (a) dryness and (b) excessive eye watering experienced during a typical day over the past month
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Figure 3 Scatter plot showing the correlation between DEQ-5 and PHQ-9 questionnaire scores

Discussion

Out of 306 participants, a total of 270 were found
to have depression, which represents approximately
82.2% of the total population with DED. This high
percentage suggests a strong association between DED
and depression. Regarding the severity of depression
among these participants, it was found that a substantial
portion, 31% and 34 %, experienced moderately severe and
severe depression, respectively. Table 4 tabulates different
studies conducted across the world showing the prevalence
and severity of depressive symptoms among different
populations using different assessment tools. The results of
the present study are also shown for comparison. Asiedu et
al. conducted a study in Africa with 211 participants having
an average age of 21.6 years. They found that most of
the participants reported severe DED symptoms'. In the
present study, the average age of participants was 38.48
years, indicating more young participants compared to the

other studies in Table 4. The mean score of the DEQ-5
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results is very similar to a study conducted by Ong et al.
in the USA; however, a direct comparison is difficult due to
the difference in average age'.

Recently, a few studies have been conducted to
investigate the correlation between DED and depression'®*.
These findings are consistent with prior studies that
found a link between DED and depression. Galor et al.
examined the association between DED and psychiatric
problems in a veteran population survey and discovered
that the presence of depression resulted in a roughly
twice as high likelihood of developing DED". Similarly,
Fernandez et al. recently discovered an increase in dry
eye symptoms in veterans suffering from depression or
post-traumatic stress disorder'®. While depression and
DED are known to be correlated, research suggests that
the experience of DED symptoms, such as chronic pain
and visual disturbance, has a more direct connection to
depressive symptoms. There could be various explanations

for this association. Firstly, dry eye problems can cause or
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worsen depression and anxiety symptoms. Chronic pain
has an adverse effect on numerous elements of patient
health, particularly cognitive processes and mental health.
The relationship between DED and depression operates
through multiple interconnected pathways. At the biological
level, chronic ocular irritation triggers neuroinflammatory
cascades involving pro-inflammatory cytokines (IL-6,
TNF-a), which cross the blood-brain barrier and influence
mood-regulating neurotransmitter systems®. Furthermore,
DED has a negative impact on the patient’s routine and
quality of life as a result of the chronic pain, as well as
changes in visual performance and perception of visual
function. Psychosocially, DED-related visual symptoms
precipitate functional limitations, such as reduced reading
capacity, diminished screen tolerance, and impaired social
engagement, all of which collectively erode quality of life
and amplify depressive symptomatology. Sleep disturbances
secondary to ocular discomfort further compromise
psychological resilience. These findings have contributed
valuable insights into their correlation and shed light on the

aspects of eye discomfort and mental well-being.

Over the past few years, several studies have
been conducted in the Indian population to investigate the
prevalence of depressive symptoms and DED independent
of each other®. However, the interconnection between them
remains less explored. This study utilizes the DED-9 and
PHQ-5 questionnaires to assess DED and depression,
which may have inherent limitations. Firstly, these tools have
a limited scope, potentially missing crucial aspects of these
complex conditions, leading to an incomplete understanding.
Secondly, relying on self-reported responses introduces
subjectivity and the possibility of response bias, where
participants may not accurately represent their symptoms.
Moreover, the lack of clinical confirmation, such as medical
examinations, hinders the accuracy of the findings, as
reported symptoms might stem from other underlying
health issues. Additionally, many studies using these
questionnaires limit the exploration of causality and the
dynamic nature of these conditions over time. Lastly, these
questionnaires primarily focus on symptoms, neglecting the
psychosocial context and environmental factors that play a

significant role in the experiences of individuals with DED

Table 4 Comparison of dry eye disease and depression scores with the existing literature

Author, year Number of Location Average age DED Severity (meanS.D.) Depression severity
participants (year) (mean%S.D.)
Measure Score Measure Score

Wu et al., 2019%° 106 China 42,52 - - PHQ-9 5.2+4.92
Asiedu et al., 2018" 211 Africa 21.6 DEQS Mild 23.22+13.04 - -

Moderate

27.35+12.75

Severe

43.02+19.97
Bitar et al., 2019* 45 USA 65.5 - - PHQ-8 6.1£5.5
Kitazawa et al., 2018%° 40 Japan 61.3 DEQS 52+24.82 - -
Galor et al., 2015%° 136 USA 65 DEQ-5 11£5.2 PHQ-9 -
Ong et al., 2017'® 120 USA 64 DEQ-5 11.33+£4.90 PHQ-9 7.27+7.32
Present study 306 India 38.48 DEQ-5 13.08+4.43 PHQ-9 15.71+6.76

S.D.=standard deviation, DEQS=dry eye quality of life score
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and depression. These limitations underscore the need for
a comprehensive approach, combining questionnaire data
with clinical assessments and considering diverse cultural
and psychosocial factors for a more accurate understanding

of these conditions.

Conclusion

The exploration of DED and depression through
cross-sectional studies in northern India has illuminated a
significant intersection between ocular health and mental
well-being. Out of 306 participants, a total of 270 were
found to have depression, which represents approximately
82.2% of the total population with DED. Regarding the
severity of depression among these participants, it was
found that a substantial portion, 31% and 34 %, experience
moderately severe and severe depression, respectively. This
questionnaire-based study limits the exploration of causality
and the dynamic nature of these conditions over time, as it
primarily focused on symptoms, neglecting the psychosocial
context and environmental factors. These limitations
underscore the need for a comprehensive approach,
combining questionnaire data with clinical assessments.
These results provide a foundation for developing targeted
interventions, raising awareness, and improving the quality

of care for individuals suffering from depression and DED.
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