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Purpose

This study aimed to assess the prevalence, pattern and associated risk factors with dry eye disease (DED) at a
tertiary eye care centre in Central India.

Methods

This prospective cross-sectional study, conducted over 48 months, enrolled patients with systematic random
sampling. Evaluation of DED was done with subjective and objective methods comprising of the Ocular
Surface Disease Index (OSDI) questionnaire, slit lamp examination, Schirmer’s tests and fluorescein tear-
film breakup time (FTBUT) test. Patients were categorised into mild, moderate, severe and very severe DED.
Association with various etiological factors like age, sex, occupation, diabetes mellitus, autoimmune
disorders and any other systemic illness was assessed. The chi-square test/Fischer's exact test was used to
analyse categorical data. Bivariate logistic regression analysis was used to calculate the odds ratio (OR).
Multivariate analysis was performed to identify independent risk factors.

Results

A total of 2,560 patients were evaluated, of which 640 patients (25%) had DED. Prevalence was higher in
patients aged >50 years, household workers, students, government employees and farmers. Uncorrected
refractive status, cigarette smoking, ocular allergy and contact lens usage were associated with increasing
odds of developing DED.

Conclusion

The prevalence of DED was estimated to be 25% in central India. Certain occupations like household
workers, students, government employees, farmers, uncorrected refractive status, cigarette smoking, ocular
allergy and contact lens use were significant risk factors for dry eyes.

Categories: Ophthalmology
Keywords: central india, dry eye disease, pattern, prevalence, risk factors

Introduction

Dry eye disease (DED) is a multifactorial sight-threatening entity with ocular surface inflammation
consequent to tear film instability, hyperosmolarity, trophic damage and neurosensory abnormalities [1]. It
is the most frequent disorder in ophthalmology practice. The prevalence of dry eyes ranges from 10.8% to
57.1%, showing a wide variation in demography, ethnicity, geographical location, climatic factors and
occupation. Such disparity can also occur due to non-standardized criteria for patient selection, diagnosis
and stratification of dry eyes [2]. Epidemiologic studies are helpful in the determination of causes and
prevalence and help devise appropriate measures for prevention and treatment.

This study attempts to concentrate on the most recent information on the epidemiology of DED. Although
many studies on the epidemiological pattern of DED have been reported from different parts of the world,
very few studies are available from India [2-6]. To the best of our knowledge, this is the first reported
prospective series of disease prevalence, pattern and associated risk factors of DED from Central India. The
primary objective of this study was to evaluate the prevalence of dry eye disease at a tertiary eye care centre
and to study the pattern, predisposing causes and risk factors associated with dry eye disease at a major
tertiary eye centre in central India, which caters to around 30 lakh population of the district and is the
tertiary referral centre for the entire state. DED accounted for around 1% of our hospital-based daily
ophthalmological outpatient visits, around two to three per day.
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Materials And Methods

A hospital-based cross-sectional study was conducted at the outpatient services of the department in All
India Institute of Medical Sciences, Bhopal, a tertiary eye care centre in Central India. The study duration
was 48 months and was approved by Research and Review Board (RRB) and the Institutional Human Ethics
Committee (IHEC) (approval no. IHEC-LOP/2019/MD0065). The study adhered to the tenets of the
Declaration of Helsinki. Patients attending the outpatient services of the department were selected by
systematic random sampling. Every 15th patient on the three OPD days per week was enrolled in the study.
The next patient was taken if the selected subject was unwilling to participate in the study. Subjects
unwilling to participate in the study, aged <10 years, patients with acute infection, those with undiagnosed
systemic disorders requiring treatment and patients with incomplete medical records were excluded from the
study.

Written informed consent was obtained from all the participants/parents or guardians of minor subjects.
Detailed ocular history was recorded with reference to the onset, severity, laterality, duration, progression of
symptoms and nature of the disease. History of any associated pain, irritation, redness and

burning/stinging, tearing, contact lens intolerance, increased frequency of blinking, itchy eyes, foreign body
sensation, blurred vision, photophobia and thick sticky mucous discharge was taken. A detailed evaluation
of systemic signs and symptoms was done to look for other associated autoimmune or connective tissue
diseases.

A slit lamp examination of the lid was done for the presence of any anatomical abnormalities, blepharitis,
vascularisation or foreign body. Meibomian orifices were examined for pouting, presence of foam, secretion
and plugging. Tarsal conjunctiva was examined for papillae, congestion, symblepharon, conjunctival xerosis
and scarring.

The cornea was examined to evaluate the epithelial defect, conjuctivalisation, limbal ischemia,
vascularisation and dystrophy or degeneration. Each recruited subject was investigated using the Ocular
Surface Disease Index (OSDI) [7]. A single observer completed the questionnaire, and the questionnaire was
explained in their local language for those who were not conversant in English. The objective test was done
in patients with OSDI scores >10 by a single examiner in the same room to maintain similar temperature and
humidity conditions for all patients. Schirmer’s test I and II and fluorescein tear-film breakup time (FTBUT)
were done, and patients were graded into mild, moderate, severe and very severe DED under the Tear Film
and Ocular Surface Society Report of the TFOS International Dry Eye Workshop (TFOS DEWS 1I) [8].

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 22.0 (released 2013, IBM
Corp., Armonk, NY). The chi-square test, Fischer exact test and linear regression analyses were used to
establish the association between categorical data. Bivariate logistic regression analysis was used to
calculate the odds ratio (OR). Multivariate analysis was performed to identify independent risk factors. To
identify factors related to the predisposition of disease, P values of 0.05 or less within 95% CI were
considered to be statistically significant.

Results

A total of 2,560 subjects were enrolled in this study; 1,396 (54.53%) were male and 1,164 (45.47%) were
female (M: F = 1.19:1). The mean age of the study participants was computed to be 48.1 + 19.5 years. The
study population was divided into four groups as per their age, i.e., 10-30 years, 31-50 years, 51-70 years
and above 70 years. The demographic details of the patients are summarised in Table 1.
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Characteristic
Age(years)
10-30

31-50

51-70

>70

Gender

Male

Female

Place of residence
Urban

Rural

Total no of patiens (%) No. of patients with DED % Prevalence
627 (24.5%) 167 26.7%

658 (25.7%) 197 29.9%

648 (25.3%) 232 35.8%

627 (24.5%) 44 7%

1396 (54.53%) 308 22.1%

1164 (45.47%) 332 28.5%

1485 (57.97%) 340 22.9%

1075 (42.03%) 300 27.9%

TABLE 1: Demographic details of patients with dry eye disease (DED)

Out of the 2,560 study subjects, 640 (25%) were diagnosed as having DED. Patients diagnosed with DED were
categorised further into severity grades as mild (240, 37.5%), moderate (252, 39.37%), severe (120, 18.75%)
and very severe DED (28, 4.37%). The maximum prevalence of DED was found among the 51-70 years age
group (232/648; 35.8%), followed by the 31-50 years age group (197/658; 29.9%), 10-30 years age group
(167/627; 26.7%) and above 70 years age group (44/627; 7%). The association was highly significant, with a
P-value of 0.0001. However, the association between age and disease severity was not found to be
statistically significant (P = 0.1). The prevalence of DED was observed to be 27.9% (300/1075) among the
rural population, while it was 22.9% (340/1485) among the urban population, which was statistically
insignificant (P = 0.2).

The most common symptom of DED was observed to be watering (235, 36.8%), followed by redness (160,
25%), gritty sensation (128, 20%) and burning sensation (120, 18.7%). Itching and blurring of vision were
observed in 84 (13.1%) and 43 (6.8%) of the subjects, respectively.

The prevalence of DED was higher among the female subjects (332/1164, 28.5%) than the male subjects
(308/1396, 22.1%), but the association was not found to be significant statistically (p = 0.07). Both the groups
were further analysed for association with the severity of the disease. Among males, a maximum number of
cases were found in the mild category (116), while among females, the maximum cases were under the
moderate category (148). In both genders, the minimum number of cases were seen in the very severe
disease category, i.e., 20 and 8 in males and females, respectively. On statistical analysis, the correlation
between gender and disease severity was not significant (P = 0.42).

Prevalence was seen to be maximum among the household workers (232/640, 36.2%), followed by mobile
and computer user students (116/640, 18.1%), government employees (104/640, 16.2%) and farmers (80/640,
12.5%) (Table 2).
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Occupation Mild Moderate Severe Very severe Total % (N =160)
Farmer 24 36 12 8 80 12.5
Teacher 16 0 4 0 20 3.125
Tailor 0 24 16 4 44 6.9
Software worker 0 16 4 0 20 3.1
Labourers 4 0 12 0 16 25
House Hold worker 100 96 36 0 232 36.25
Factory Worker 4 0 4 0 8 1.25
Student (mobile users) 40 56 16 4 116 18.1
Govt Employee (computer work) 52 24 16 12 104 16.2
TOTAL 240 252 120 28 640 100

TABLE 2: Prevalence and severity of dry eye disease as correlated to the occupation of the
patients.

A severe form of the disease was prevalent more amongst household workers and students (mobile users),
government employees, tailors and farmers. The probability of very severe DED was more common in
government employees, farmers, tailors and students. The association between occupation and disease
severity was statistically significant (P = 0.02).

Concerning refractive errors, the prevalence of DED was computed to be a maximum of 31.8% among
uncorrected refractive errors, 22.3% among corrected refractive errors and 20.6% among emmetropes. The
association between refractive status and DED occurrence was statistically significant (P = 0.02).

In patients who were diagnosed as having DED, 14.4% (92/640) of the subjects were shown to have various
systemic comorbidities. Forty (6.2%) patients had type 2 DM, 16 (2.5%) had hypertension, 12 (1.9%) had
rheumatoid arthritis, 16 had (2.5%) thyroid disease and five (1.2%) had Sjogren syndrome.

The study subjects were assessed for any risk factors associated with DED. Major risk factors observed were
near work (students, mobile users), computer work, post-menopause and smoking, which constituted
approximately 70% of DED patients. A bivariate analysis of the risk factors associated with the development
of severe DED and a multivariate analysis of risk factors associated with DED was undertaken (Table 3).
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Risk Factor
Smoking

Alcohol consumption
Post-ocular surgery
Post-menopause
Pterygium

Ocular allergy
Topical medication
Post-viral keratitis

Systemic iliness

Severe DED Non-severe DED P Unadjusted OR (95% CI) Adjusted OR (95% CI)
48 36 <0.001  1.5(0.6-3.4) 1.79 (0.93-3.4)

28 0.18 0.4 (0.19-1.0) 2.5(2.1-2.9)

28 0.88 1.31(0.5-3.1) 1.89 (1.10-3.51)

88 0.20 1.17 (0.9-1.5) 2.3(1.9-2.8)

16 0.13 0.80 (0.7-1.1) 1.6(.9-1.8)

16 <0.001  1.5(1.19-1.88) 2.14 (1.6-2.7)

40 0.50 2.4 (1.90-3.66) 3.5(2.40-5.72)

12 0.29 1.89 (1.5-2.90) 2.14 (1.6-2.7)

76 0.19 1.21(1.1-1.22) 2.32(1.11-2.83)

TABLE 3: Bivariate and multivariate analysis of factors associated with the severity of dry eye

disease.

Significant odds of having severe DED were associated with smoking, contact lenses and ocular allergy.
Cigarette smoking (P < 0.001, OR 1.5; 95% CI 0.6-3.4), ocular allergy (P < 0.001, OR 1.5; 95% CI 1.19-1.88)
and contact lens usage (P < 0.001, OR 6.4; 95% CI 3.3-12.6) were identified as significant risk factors for
severe DED. On logistic multivariate analysis, we did not observe any significant association between more
than one coexistent risk factor and the occurrence of DED.

Discussion

Dry eye is a multifactorial disease of the ocular surface characterised by a loss of tear film homeostasis. The
accompanying ocular symptoms are caused by tear film instability, hyperosmolarity, ocular surface
inflammation and neurosensory abnormalities. The prevalence of DED varies with the operational definition
and the characteristics of the population studied. Early detection and timely treatment are of immense
importance in managing DED. In different parts of the world, varying prevalence patterns are most likely due
to variations in geographic, genetic, sociodemographic and treatment-related factors. This study is intended
to evaluate the prevalence and associated risk factors in a hospital-based setting and to suggest preventive
measures and timely management of DED, which will further reduce the burden of blindness and morbidity
associated with it. Out of the 2560 study subjects, 640 (25%) were diagnosed with dry eye. The lower
prevalence of 25% in the present study is contrary to 32% and 34.2%, as reported by Titiyal et al. and Shilpy
et al. [4,9] These studies relied on only symptoms to estimate the prevalence of DED, which may have
resulted in an overestimation of the prevalence of DED. The prevalence varies with subjects’ geographical
location, environmental conditions and lifestyle; hence, places with extreme temperatures and dry weather
conditions report a higher prevalence of DED. Factors relating to lifestyle, like sitting in air-conditioned
rooms, using digital devices and smoking, increase the likelihood of DED. Past studies suggest that dry eye
prevalence ranges from 10.8% to 57.1 % [2]. Such disparity can be attributed to a lack of standardisation of
dry eye diagnostic criteria and cut-off values for diagnostic tests.

Association with age

The prevalence of DED in different age groups is important in determining the disease burden in categorised
subjects. The prevalence of DED is known to increase with age. The maximum prevalence of DED (35.8%)
was found to be in the 51-70 years age group. The difference was statistically significant. These results
agreed with studies by Attri et al., Donthineni et al. and Mathers et al., which reported that the prevalence of
dry eye was higher in higher age groups [10-12]. This is likely a result of a pathological decrease in tear
production and tear stability associated with advancing age and an age-related decrease in meibomian gland
secretion due to atrophy of acinar cells [13]. By contrast, the severity of DED had no significant association
with different age groups.

The lowest prevalence (7%) was in the extreme age group (patients >70 years). In the >70-year age group, the
prevalence of DED was paradoxically less as compared to increased prevalence in patients in the younger age
group. We also found significantly less frequency of associated risk factors comprising VDT use, electronic
gadgets, and mobile phones in this age group compared to the younger age group, which could be the
possible explanation for decreased prevalence in the >70-year-old age group.

Association with gender
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Although the prevalence of DED was higher in females, the difference was not statistically significant. These
results are similar to the study done by Sherry et al. [14]. Contrary to these findings, a significant association
between gender and the prevalence of DED have been reported by Attri et al., Moss et al. and Bakkar et al.
[10,15,16]. A study by Moss et al. reported a lower prevalence in men than women and was explained by the
effect of hormonal loss during menopause on the ocular dryness of women [15]. Furthermore, the severity of
DED was not significantly associated with the gender of the studied population, which indicated a lack of
temporal association between disease severity and gender. This could be due to a higher proportion of non-
elderly subjects in our study. Elderly females and rural populations living in far areas are less likely to visit
hospitals due to sociocultural factors, which could be potential causes of possible decreased prevalence.

Association with locality

The association between the prevalence of DED and residential location (rural vs urban) was found to have a
non-significant correlation. These results contrast with the findings of studies done by Donthineni et al.,
Um et al. and Moon et al. [11,17,18]. However, our study is similar to Alshamrani et al. [19]. This can be
attributed to the use of electronic gadgets and visual display terminals (VDTs) in equal frequency among
both rural and urban populations in India.

Association with occupation

The prevalence of disease was observed to bear a significant association with the occupation of studied
subjects. The maximum prevalence of DED was in household workers, followed by students and government
employees. Maximum cases of very severe type DED were found in government employees engaged with
computer work. Most of the household workers belonged to rural and low socioeconomic backgrounds;
hence, elderly females had a history of exposure to smoke and dust while cooking food on “chulha”. Due to
their low socioeconomic background, they were deprived of good dietary intake containing essential
nutrients. Frequent use of electronic gadgets, visual display terminal (VDT) use and air-conditioned
atmosphere creating dry conditions could be the reason for urban and patients with higher socioeconomic
backgrounds [20]. Findings similar to our results have been reported in other studies [4,11,21,22].

Association with the refractive status

The prevalence of DED was found to be significantly associated with refractive status and was highest in
uncorrected refractive error (31.8%), followed by corrected refractive error (22.3%) and emmetropes (20.6%).
Sahai et al. have reported a similar high incidence of DED in patients with refractive error [2.] It is
postulated that persons with refractive errors have an increased tendency to rub their eyes, which could
cause the lodgment of particulate foreign substances, contaminants, sebum and sweat into the eye,
predisposing to tear film instability [15]. This result contrasts with Gupta et al., who reported that refractive
error status does not affect the occurrence of DED [3]. Patients more than 50 years of age group had a
coexistent refractive error, accounting for the increased prevalence of DED in the referenced age group.
Meanwhile, in younger populations, the history of use of electronic gadgets was significantly high, so
refractive status could be a confounding factor to these already proven risk factors.

Association with systemic illnesses

Dry eye has been associated with systemic conditions, including arthritis, diabetes and thyroid disease. In
the present study, 14.4% of the total 640 DED patients were found to have associated illnesses such as type 2
DM, thyroid disease, rheumatoid arthritis and Sjogren’s syndrome. Elevated levels of circulating
proinflammatory cytokines and inflammatory cell infiltration of lacrimal glands and associated MGD are
responsible for ocular involvement in systemic illness. Many studies reported an association between DED
and similar risk factors [15, 23-25].

Risk factors

DED has a multifactorial etiopathogenesis. Cigarette smoking, ocular allergy and contact lens usage were
identified as significant risk factors for DED. There was no significant association between severe DED and a
history of previous ocular surgery, post-menopause females, alcohol consumption, topical medications,
post-viral keratitis and pterygium and systemic illness.

Contact lens usage may cause dry eye or aggravate preexisting DED. Contact lenses cause meibomian gland
dysfunction, corneal hyposensitivity or a combination, which results in decreased tear production, increased
evaporation and subsequent tear film hyperosmolarity [26]. Other studies reported similar results [4,15,27].

Smoking may affect the tear film stability and ocular surface sensitivity and act as a direct irritant to the eyes
[15]. A significant association has been reported between smoking and DED in many other studies, too
[4,15,28].

The Tear Film and Ocular Surface Society Dry Eye Workshop II recently included allergic conjunctivitis
among the "probable” risk factors for DED [8,29]. Recent advances in the DED pathogenic mechanisms
provide a strong rationale for considering ocular allergy as a risk factor for DED [30]. Ocular allergy is
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associated with releasing inflammatory mediators in tears, which can damage surface epithelium and cause
tear film instability.

To our knowledge, this is the first large sample size study from a tertiary eye care centre in central India to
ascertain epidemiological patterns and risk factors for DED. It incorporates subjective tools with objective
clinical tests to determine dry eye prevalence and risk factors. Most epidemiological studies conducted
earlier included the elderly population (>40 years of age), which falls short of representing the actual disease
prevalence in the referenced population. With the increasing use of electronic gadgets by the younger age
group, there is a need for more epidemiological studies that widen their inclusion criteria to ascertain
precise estimates of the prevalence of DED. This study was designed and conducted to bridge this significant
gap in knowledge effectively. As this study is a hospital-based cross-sectional study, there are some
limitations in extrapolating the results to the general population of this region. Females, the elderly and the
rural population living in far areas are less likely to visit hospitals due to the sociocultural environment. This
could be a potential cause of decreased prevalence. The study's cross-sectional design precludes us from
knowing the antecedent-consequent relationship between risk factors and the endpoint.

Conclusions

The prevalence of DED was estimated to be 25%, with the most commonly affected age group of 51-70. Age
and occupation of study subjects were directly significantly correlated with the occurrence of DED. The
maximum prevalence of DED was found in household workers, students and government employees.
Uncorrected refractive status was significantly associated with the prevalence of DED. We did not observe
any significant association between age, gender and place of residence with the occurrence of DED.
Concerning risk factors, cigarette smoking, ocular allergy and contact lens usage were associated with
increasing odds of developing DED. Extensive data evaluation supported by adequate sample size and
statistical correlation collates this study to represent the prevalence of DED in central India.

This study also provides new insights into the magnitude, risk factors and causes of DED across all age
groups and is the pioneer documentation to analyse the epidemiology and aetiology in central India.
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