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SUMMARY 

 

Dry Eye Disease (DED) is a symptomatic multifactorial phenotype reportedly associated 

with depression. There is a lack of studies concentrating on the examination of compelling 

hypotheses for DED and depression. This thesis focused on understanding the potential 

epidemiological and biological links between DED and depression using tools that measure and 

correlate the symptoms (Specific Aim A and Specific Aim B), and through examining biological 

links using hypothesized single nucleotide polymorphisms (SNPs) (Specific Aim C).  

To address specific aims A and B, we developed a new tool to assess the symptom 

burden for DED and used the Beck Depression Index (BDI) to assess depressive symptoms in 

two studies. The first study was a cross-sectional study to measure DED symptoms (Specific 

Aim A). A symptom burden tool was developed from well-established and validated tools and 

included two dimensions and four domains: The sensory dimension, which included the 

domains of symptom persistence and symptom intensity; and the reactive dimension, which 

included domains for activity and affective interference.  This tool was administered to DED 

patients and showed that persistence of DED symptoms correlates with affective interference 

more than activity interference, and that intensity of symptoms may be important for treatment 

decisions.  

The second study was a case-control study designed to measure depressive symptoms 

and DED symptoms to determine the symptom correlation between the two diseases (Specific 

Aim B). The BDI questionnaire, Ocular Surface Disease Index Questionnaire (OSDI), and the 

symptom burden tool (developed in Specific Aim A) were administered to DED patients and 

controls. This study showed that patients with DED exhibit more depressive symptoms than 

controls. After adjusting for age, gender, race, and psychiatric medication, the regression 

coefficient was 1.71 (95% CI 1.02, 2.40) between DED symptoms and depressive symptoms.  
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SUMMARY (continued) 

Logistic regression revealed an OR of 2.86 (95% CI 1.04, 7.87) for the association between 

DED and diagnosis of depression after controlling for age, gender, and race. 

To complement the clinical epidemiological association between DED and depression, 

this thesis also included a study on the biological links between DED and depression (Specific 

Aim C). Twelve SNPs in three main genes were investigated: Brain-Derived Neurotrophic Factor 

(BDNF), Vitamin-D Receptor (VDR), and Deoxyribonuclease 1 (DNASE1) in DED patients and 

controls. Val66Met (rs6265), an SNP in the BDNF gene and two SNPs Fokl (rs2228570) and 

Apal (rs7975232) in the VDR gene were found to be potentially associated with DED (Specific 

Aim C1). Results, while not significant, seem to show that the association between DED and 

Val66Met (rs6265) varies by depression status. Additionally, the role of Val66Met in treatment 

response was investigated through DED symptom measurement over time (Specific Aim C2). A 

pilot study was performed where patients were followed up for a minimum of six months. The 

study revealed that symptoms like dryness and pain persist in patients with the minor allele a 

(Met carriers) of Val66Met despite treatment; whereas symptoms are significantly reduced in 

patients without the minor allele.  
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1. INTRODUCTION 

 

Dry eye Disease (DED) is a complex multifactorial common phenotype resulting from 

interactions of genetic and nongenetic factors, with prevalence in adult populations ranging from 

5% to more than 35% at various ages (1). Numerous exposures—including medication use, 

hormonal changes, environmental exposures, and neural alterations—are involved in the 

pathogenesis of dry eye. Common symptoms of dry eye patients include pain, irritation, itching, 

burning, and grittiness (1). Recent studies have reported an association between depression 

and dry eye (2,3), post-traumatic stress disorder and dry eye (4), and anxiety and dry eye (5). 

The mechanism by which DED and psychiatric disorders, such as depression, are correlated 

has yet to be determined.  

 This thesis was built upon preliminary research findings generated in our clinic and 

laboratory. In our clinic, we have observed that 53.5% of patients reporting symptoms of dry eye 

have either been clinically diagnosed with depression and anxiety disorders, are on 

antidepressant medications, or have visited a psychiatric clinic in the past year. Pain was the 

most common symptom reported by this patient population. This is consistent with recent 

studies. Vehof J et al., for example, studied the risk factors of DED in a female cohort. They 

showed that depression and widespread pain syndrome had the highest effect sizes with DED 

(6). Both DED and depression rely heavily on symptoms reported by patients. In this thesis, we 

hypothesized that the presence of depression in DED may cause patients to perceive symptoms 

in an anomalous fashion compared to patients without depression. 

 While investigating the molecular basis of symptoms in DED in our laboratory, we 

discovered that BDNF and extracellular DNA (eDNA) may be important molecular mediators or 

modifiers of the association between DED and depression (7,8). Polymorphisms in the BDNF 

gene, such as VAL66MET, have been shown to play a significant role in 
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susceptibility of an individual to stress disorders. Additionally, patients with systemic lupus 

erythematosus (SLE) (9) and Rosacea (10) are also more susceptible to psychiatric disorders. 

As such, we hypothesized that SNPs in the BDNF, DNASE I, and VDR genes may play a role 

on susceptibility to depression and dry eye. This role may also be present in treatment 

response. 

 

1.1. Problem Statement  

Dry eye disease is a significant public health problem. It is one of the leading causes of 

patient visits to ophthalmologists and optometrists in the United States due to its debilitating 

symptoms (11). Studies have shown that at least 14% of the US population older than 50 years 

has DED (12,13). The symptoms and signs of DED do not correlate. Patients with DED suffer 

from inexplicable pain, and are either clinically diagnosed with depression or report depressive 

symptoms. This is supported by studies showing that depression is a common comorbid 

condition with DED (14). The order of occurrence between DED and depression remains 

unclear. One possibility is that the symptoms of DED, such as pain, could induce the occurrence 

of depressive symptoms.  Another possibility is that antidepressants are suggested to be risk 

factors for DED, however some studies have shown that depression itself is involved in the 

pathophysiology of DED and not just its treatments (4).  

There are common risk factors for DED and depression such as female gender and age. 

Biological studies have showed a dysregulation of neuropeptides and an increased production 

of inflammatory cytokines in depression, which are also involved in the mechanism of DED. 

Given the potential epidemiological and biological overlap between DED and depression, this 

thesis sought to study the relationship of symptoms and the common genetic links between the 

two diseases. Identifying a common biological mechanism between these two diseases will 

allow us to make more informed treatment decisions. 
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1.2. Objective and Specific Aims 

The objective was to investigate epidemiological and biological links between DED and 

depression. Our line of investigation is supported by epidemiologic observations (frequent co-

occurrence of DED and depression; shared risks for DED and depression) and laboratory 

studies providing a plausible biological mechanism (increased BDNF and eDNA expression in 

DED, BDNF polymorphisms in depression, and epigenetic regulation).   

 

Three specific aims were proposed to achieve this objective: 

1.2.1. Specific Aim A 

Develop a DED symptom burden tool consisting of a sensory domain (symptom 

persistence and intensity) and reactive domain (activity and affective interference) to measure 

symptoms in DED patients in a cross-sectional study. Several clinical tests are available to 

measure aspects of DED. However, there is no gold standard for diagnosis, and clinicians rely 

on patient reported symptoms of ocular discomfort to make treatment decisions. Additionally, a 

four-domain tool that comprehensively measures the symptom burden of DED without 

increasing respondent burden is lacking and is needed for daily clinical use and diagnosis. This 

aim entailed developing a DED symptom burden tool and administering it to DED patients in a 

cross-sectional pilot study.   

1.2.2. Specific Aim B 

Measure depressive symptoms in DED patients and controls using the BDI 

questionnaire and determine the correlation between these symptoms and DED symptoms. 

Both DED and depression are symptomatic diseases. Their diagnosis, prognosis, and treatment 

are heavily based on symptoms. Given that descriptive studies are showing an association 

between the diagnosis of both diseases, this aim focused on measuring the symptoms of DED 

and depression using a case-control study. 
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1.2.3. Specific Aim C 

Investigate whether DED and depression are linked through common genetic 

polymorphisms using a case-control study (C1), and determine whether the response to DED 

treatment is related to the presence of specific SNPs in a subset of DED patients (C2). Gene 

polymorphisms have been shown to be associated with depression, (such as VAL66MET BDNF 

polymorphism), and with conditions such as SLE which have high prevalence of DED as well as 

of depression (DNASE I polymorphism). In this aim, we investigated whether genetic 

polymorphisms within molecular targets like BDNF, DNASE I, and VDR have higher prevalence 

in DED as well as depression as this will provide a biological basis that independently links the 

two conditions. Using a case-control design, salivary DNA was analyzed for SNPs and then 

correlated with the presence of DED and depression. 

Additionally, genes play an important role in response to disease treatment. In a subset 

of patients, we investigated whether treatment response to DED varied by SNP status. Data on 

symptoms and signs of DED were collected for at least 6 months follow-up following initial 

treatment assignment and were stratified by SNP status.
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2. BACKGROUND 

 
2.1. Dry Eye Disease Burden and Risk Factors  

Dry eye disease is a symptomatic disease caused by either decreased tear production 

or increased tear film evaporation. It is prevalent in more than 50% of the American population 

aged 50 years and older (15). Based on data from large studies with representative population 

based sampling, such as the Women's Health Study and the Physicians' Health Study, where it 

was calculated that 3.23 million women and 1.68 million men, out of 4.91 million Americans 

aged ≥ 50 years, have dry eye (16,17). The prevalence of DED reported from cross-sectional 

population-based epidemiological studies in the United States, Australia, and Asia (with sample 

sizes ranging from 926 to 36,995) ranged from 5.5% to over 33% at various ages (1,18,19). 

However, different definitions of dry eye were employed in these studies making comparisons 

difficult. 

 The National Eye Institute workshop on clinical trials in dry eye defined DED as "a 

disorder of the tear film due to tear deficiency or excessive tear evaporation which causes 

damage to the interpalpebral ocular surface and is associated with symptoms of ocular 

discomfort” (13). The 2007 report of the Dry Eye Workshop (DEWS) defined DED as a 

"multifactorial disease of the tears and ocular surface that results in symptoms of discomfort, 

visual disturbance, and tear film instability, with potential damage to the ocular surface. It is 

accompanied by increased osmolarity of the tear film and inflammation of the ocular surface” 

(1). Dry eye disease encompasses many clinical conditions which are due to either tear 

deficiency (such as Sjögren’s syndrome) or eyelid inflammation (such as meibomian gland 

disease) or are postoperative complications of surgical procedure (such as LASIK-induced 

neurotrophic epitheliopathy).  

 The public health significance of DED is evident from the reported irritative symptoms 

responsible for care and therapy-seeking behavior and for hindered daily activities. The 
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economic impact of DED comes from utilization of healthcare systems: direct costs of office 

visits, surgical interventions, medications, alternative therapeutics, and specialized eye wear. 

Indirectly, DED affects productive work time, and symptoms of DED have intangible costs such 

as decreased leisure time, impaired physical functioning and quality of life, and a large impact 

on social interactions and mental health (20).  

 Yu et al., in a prevalence-based cost-of-illness analysis using an Internet-based survey, 

estimated the direct and indirect annual cost of DED in the United States (21). They reported 

the average annual direct cost for patients seeking medical care to be $783 per patient. Taking 

into account the US DED prevalence among adults aged 50 years or older, the overall burden of 

DED for the healthcaresystem is $3.84 billion (21). The average annual cost to society was 

$11,302 per subject with DED. The overall burden to the US society was $55.4 billion (21). The 

loss because of diminished productivity was more than the direct costs of DED treatment, where 

Yu et al. reported that the total productivity loss per person ranged from $12,569 to $18,168 per 

year and that the loss because of presenteeism was substantially higher than the loss because 

of absenteeism (21). Yamada et al. investigated the impact of dry eye on work productivity of 

office workers, in presenteeism, in Japan (22). They reported that the degree of work 

performance loss was 5.65% in the definite dry eye group (those who have both symptoms and 

a diagnosis), 4.37% in the marginal dry eye group (those who have no symptoms but a 

diagnosis), 6.06% in the self-reported dry eye group (those who have symptoms but no 

diagnosis), and 4.27% in the control group (those who have neither symptoms nor a diagnosis). 

Results were only significant between self-reported dry eye group and the control group. They 

also estimated the annual cost of work productivity loss associated with dry eye as USD 741 per 

person (22). 

 Epidemiological studies began to study potential lifestyle, dietary, and other risk factors 

for DED in 1995 (1). The Epidemiology Subcommittee at DEWS noted that most associations 

between risk factors and DED, generated from population-based studies, may attenuate the true 
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effect potentially due to the grouping of different types of DED. In addition, some studies 

included objective examination, but many did not. Additionally, some studies used a non-

hypothesis-driven approach. Findings, therefore, may be purely statistical, and important 

associations could have easily been overlooked (1). 

As summarized in the DEWS report (1), the consistent risk factors for DED across these 

population-based studies are: female gender, older age, contact lens use, postmenopausal 

estrogen therapy, a diet that is low in omega 3 essential fatty acids or has a high ratio of omega 

6 to omega 3 fatty acids, refractive surgery, vitamin A deficiency, radiation therapy, bone 

marrow transplantation, hepatitis C, and systemic and ocular medications, including 

antihistamines (1,23–26). Conflicting results have been reported on the associations between 

DED and alcohol, cigarette smoking, caffeine, acne, and menopausal status (1). Other risk 

factors may also include diabetes, HIV, human T-cell lymphtropic virus type 1 infections, 

connective tissue diseases, systemic cancer chemotherapy, and other medications such as 

isotretinoin, antidepressants, anxiolytics, beta-blockers, and diuretics (1). However, there is a 

lack of studies investigating these factors.  

 Mental health problems, such as depression and anxiety, are additional risk factors that 

have been reported (2,4). Dry eye disease has been shown to negatively impact quality of life, 

including general quality of life and vision-related quality of life (27). Furthermore, DED has 

been shown to be correlated with anxiety and depression (5). The negative impact on the quality 

of life is mainly due to the progression of dry eye symptoms creating a complex situation that 

interferes with daily activities and the emotional state of DED patients (1).  

 In this thesis, we investigated the epidemiological and biological links between DED and 

depression as we hypothesized that there may be common mechanisms linking the both 

conditions.  
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2.2. Depression and Dry Eye Disease  

Studies reporting on the association between depression and DED were case-control 

studies and cross-sectional surveys (2–5,28). They examined risk factors for DED or assessed 

quality of life. None of these studies evaluated the biological link.  

Examination of the association between depression and DED started when some 

researchers revealed that depressive mood is one of the underlying causes of subjective dry 

mouth (29,30). Others suggested that dry eye symptoms and mood status may influence each 

other (31). The 2007 DEWS report included a discussion on the debilitating symptoms of dry 

eye and their result in both psychological and physical effects that impact the quality of life. 

Subsequently, Li et al. assessed vision-related quality of life and psychosocial impacts and 

found correlations with depression and anxiety (27).  

The mechanisms that underlie the association between depression and dry eye 

symptoms are unknown; however, hypothesized reasons for the association include: a common 

pathophysiology and common risk factors between the two diseases (female sex, age, and 

hormonal influence).  

 Two population-based retrospective studies in the United States Veterans Affairs 

population in Miami reported high prevalence of depression in subjects with DED, 17% versus 

10% in the first study and 24% versus 18% in the second study (3,4). The first study was a non-

hypothesis-driven retrospective case-control study evaluating the prevalence of DED and its 

associated factors. The study included a total of 16,862 male and female patients between 21 

and 90 years of age (2,056 patients who received some form of dry eye therapy diagnosed as 

cases and 14,806 controls)  seen in the Miami and Broward Veterans Affairs eye clinics 

between 2005 and 2010 (3). The reported odds ratio (OR) for depression, after adjusting for age 

and gender, was 1.91 (95% CI 1.73–2.10). The second case-control study included a total of 

2,454,458 male and female patients between 21 and 100 years of age (462,641 patients who 
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received some form of dry eye therapy diagnosed as cases and 1,991,817 controls) seen in a 

Veterans Affairs eye clinic between 2006 and 2011 to study the prevalence of DED and its 

associated risk factors in veterans on a national level and to evaluate the relationship between 

psychiatric diagnoses and DED (4). The reported OR for depression after adjusting for age and 

gender was comparable to the OR reported in the 2011 study (1.92, 95% CI 1.91–1.94). A 

major strength of both studies is their large sample size. However, both studies relied on ICD-9 

codes and medication use to define and exclude DED, which may have led to misclassification 

between cases and controls when documentation was not accurate. Additionally, neither study 

used a hypothesis-based approach. There could have also been misclassification on exposure 

status especially given the subjectivity in measuring depression. It was also not possible for 

them to assess severity of DED or depression. Including a mix of diagnoses could have 

influenced the strength and direction of the association (4).     

Other studies reporting on the association between depression and/or DED have been 

performed internationally. In a recent population-based cross-sectional study of 657 Korean 

elders >65 years of age (mean age was 71.9) randomly selected from an official household 

registration database in Yongin, Korea, Kim et al. investigated the association between DED 

and depression (2). The symptoms of DED were assessed using the 6-item dry eye 

questionnaire and signs were assessed using the Schirmer test, fluorescein staining, and tear 

film break-up time. They assessed depression using the Korean version of the Short Geriatric 

Depression Scale. Depression was more prevalent in patients with DED (33.3% versus 18.1%) 

and their sex-and-region (urban versus rural) adjusted analyses revealed depression as an 

independent risk factor for DED (OR 3.08; 95% CI 1.93–4.93). The authors of this study listed 

several limitations including the lack of assessment of medication, the cross-sectional nature of 

the study, and the severity of DED, which was assessed using the dry eye questionnaire. 

Subjective symptoms may be better quantified using tools including the visual analog scale and 
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the ocular surface disease index score, especially when using symptom-based diagnostic 

criteria for DED (2,32,33).  

In another population-based case-control study in Taiwan, Wang et al. investigated the 

comorbidities of DED. They used a nationwide subset database released by the Taiwan 

National Health Research Institute (NHRI) in 2006. The program to create the database covered 

22 million enrollees, representing more than 98% of the island’s population. The NHRI used a 

systematic, random sampling method to extract 5% of the enrollees (n=1,073,891). The DED 

cases consisted of 12,007 patients (after excluding patients under 18 years of age) who sought 

ambulatory care with a principal diagnosis of DED and 36,021 randomly selected controls. The 

prevalence of psychiatrically diagnosed depression was higher in patients with DED (7.20% 

versus 3.55%) and the reported adjusted OR was 2.11 (95% CI 1.93–2.31) (34). Heart 

diseases, systemic lupus, asthma, pulmonary circulation disorders, diabetes, liver diseases, and 

solid tumors and metastasis were also reported to be associated with patients who have DED 

compared to those who do not have DED. The limitations of this study included the lack of 

assessment of medications in the association between depression and DED, the authors 

reported to only have controlled for gender, age, monthly income, and level of urbanization. 

Additionally, the authors looked at several comorbodities and did not include appropriate 

statistical analysis such as controlling for multiple comparisons. The severity of DED was also 

not assessed, only ICD-9-CM codes were used.    

The strength of these studies lies in their representative samples and large sample 

sizes. However, the assessment of DED and depression and their severity is a limitation. The 

different methods of assessment of DED between both studies may have contributed to the 

differences in prevalence distribution and magnitude of association. The study by Wang et al. 

only used ICD-9 codes to assess DED and the Elixhauser comorbidity index to assess 

comorbidities, while the study by Kim et al. used clinical signs and symptoms (dry eye 
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questionnaire) to assess DED disease and used the Geriatric Depression Scale to assess 

depression.  

The assessment of DED in epidemiological studies is challenging given the long- 

standing lack of a uniform set of criteria for the diagnosis of DED (lack of a gold standard). In 

this thesis, we developed and used a symptom-based diagnostic approach using more than one 

method along with clinical signs to assess DED and used the BDI tool to assess depressive 

symptoms. 

 

2.3. Clinical Assessment of Dry Eye Disease   

A variety of diagnostic tests are commonly used in the clinic for the diagnosis of DED. 

These tests include: Schirmer test, tear film breakup time, Rose Bengal staining of the cornea 

and conjunctiva, tear film index, tear turnover rate, osmolarity, and meibomian gland 

assessment. The diagnostic validity of these tests (sensitivity, specificity, false-positive rates, 

and positive predictive values) have been evaluated. Goren et al. reported a sensitivity of 25% 

and a specificity of 90% for Rose Bengal staining at any positive cutoff value (35). At least four 

studies have evaluated the performance of the Schirmer test at different cut-off points. Van 

Bijsterveld et al. reported a sensitivity of 85% and a specificity of 83% with a cut-off point of <5.5 

mm/5 mins of the Schirmer test when compared to diagnosis (36). Farris et al. reported a 

sensitivity of 10% and specificity of 100% for a cut-off value of <3mm/5 mins of the Schirmer 

test compared to diagnosis (37). Clearly, the choice of cutoff and comparison standard can have 

significant impact on the classification of disease. Two main factors have influenced the DEWS 

recommendations for diagnostic tests (1): (i) many candidate tests derive from studies that were 

subject to various forms of bias due to unreliable cut-off points and (ii) several tests are not 

available outside the clinic. It is, therefore, recommended to use a combination of tests either in 

parallel or in a series (simultaneous or sequential), along with symptom assessment 

questionnaires.  
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 The diagnosis of DED cannot be done with clinical tests alone. Dry eye disease is a 

symptomatic disease, and, currently, symptom questionnaires are among the most repeatable 

used diagnostic tests, as they may provide a more integrated view of the clinical condition over 

time.  

 

2.4. Assessment of Dry Eye Disease Symptoms 

A positive diagnosis of DED is heavily based on symptom assessment because 

symptoms are an essential component of the disease (1). The reported symptoms of DED 

include: pain, dryness, grittiness, itchiness, redness, burning or stinging, foreign body sensation, 

and light sensitivity. Symptom questionnaires should be used in combination with objective 

clinical measures of DED.  The most commonly used symptom questionnaires of DED are listed 

in Table I. These questionnaires have been validated to differing extents. For example, 

measures of sensitivity and specificity are available for some questionnaires but not all. The 

questionnaires vary in length, intended use, and population tested (1).  

 In addition to developing a symptom burden tool for DED symptoms in this thesis, we 

used the OSDI questionnaire.
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TABLE I 
SYMPTOM QUESTIONNAIRES MOST COMMONLY IN CURRENT USE IN THE UNITED STATES 

 
Instrument/ 
Questionnaire 

Description/Use Questions Administered Sensitivity Specificity 

McMonnies Screening questionnaire—used in 
dry eye clinic Population 

12 items—most dichotomous 
yes/no, weighted scoring 

87%–98% compared to clinical 
diagnosis (39) 

87%–97% 
compared to clinical diagnosis 
(39) 

Ocular Surface Disease 
Index (OSDI) 

Measures the severity of DED; 

end points in clinical trials, 
symptoms, functional problems, 

and environmental triggers 
queried for the past week. 
Validated in dry eye population 
and used as outcome measure in 
RCT 

12-item questionnaire: Visual 
function (6); ocular symptoms 
(3); environmental triggers (3) 

Done by Physician Rating 
Normal versus all DED: 60%  
Normal versus severe DED: 92% 
 
Based on Composite Score 
Normal versus all DED: 80%  
Normal versus severe DED: 87% (32) 

Done by Physician Rating 
Normal versus all DED: 83%  
Normal versus severe DED: 83% 
 
Based on Composite Score 
Normal versus all DED: 79% 
Normal versus severe DED:96% 
(32)  

IDEEL Epidemiologic and clinical studies 
for impact of dry eyes on patients’ 
lives. Validated in dry eye 
population of 210 subjected with 
range of dry eye severity.(38) 

3 modules (57 questions) 
1. Daily Activities 
2. Treatment Satisfaction 
3. Symptom Bother 

NA: Item convergent validity (greater 
than 0.4), item discriminant validity (> 
90%), and test retest reliability 
(Cronbach’s alpha exceeded the 
standard of 0.7)  (40) 

NA: Item convergent validity (greater 
than 0.4), item discriminant validity (> 
90%), and test retest reliability 
(Cronbach’s alpha exceeded the 
standard of 0.7)  (40) 

Dry Eye Questionnaire  Characterize the frequency of 
ocular surface symptoms and 
their diurnal intensity 

21 items: Frequency and 
intensity of symptoms 

NA NA 

Short Dry Eye 
Questionnaire  

Epidemiologic and clinical studies: 
includes 2 questions on 
symptoms 

3 questions  Compared with the clinical exam in 
diagnosing DED: 76% 
 
With Schirmer <10mm or Rose Bengal 
staining of >3 unit: 82% 
(41) 
 
77% with Schirmer 1 value </=10 mm 
or tear breakup time <10 seconds (41) 

Compared with the clinical exam in 
diagnosing DED: 83% 
 
With Schirmer <10mm or Rose Bengal 
staining of >3: 69% 
(41) 
 
84% with Schirmer 1 value </=10 mm 
or tear breakup time <10 seconds (41) 

Women’s Health Study 
Questionnaire 

Women’s Health 
Study/Epidemiologic Studies 

3 items from 14-item original 
questionnaire 

NA: similar to all 14-items included in 
questionnaire.  Concurrent validity, 
internal reliability, and test-retest 
reliability were reported (42) 

NA: similar to all 14-items included in 
questionnaire.  Concurrent validity, 
internal reliability, and test-retest 
reliability were reported (42) 

Information in this table was adapted from reference 1
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2.5. Ocular Surface Disease Index  

The OSDI) is the most frequently used survey instrument for the assessment of ocular 

surface disease and its severity in DED research (43). The advantage of the OSDI is that it also 

measures severity of DED. It was developed by the Outcomes Research Group at Allergan Inc 

(Irvine, California), as a 12-item questionnaire designed to assess symptoms of ocular irritation 

and the impact on vision-related activity. The OSDI has three subscales: vision-related function, 

ocular symptoms, and environmental triggers. Each of the subscales has its own questions and 

each question has the same five-category Likert-type response. Schiffman et al. evaluated the 

reliability and validity of the OSDI in 109 patients with DED and 30 normal controls (32). The 

reliability as measured by the Cronbach’s alpha ranged from good to excellent for the overall 

instrument (internal consistency 0.92 and test retest ICC 0.82) and each subscale (internal 

consistency range 0.78–0.92; test retest ICC 0.70–0.82). Discriminant and concurrent validity of 

the OSDI were assessed by evaluating OSDI scores by disease severity, and by correlating 

OSDI scores with other questionnaires, such as McMonnies, respectively (32). Sensitivity and 

specificity of the OSDI results are shown in Table I. Correlations of diagnosis with other 

questionnaires ranged from 0.24 to 0.77. The reliability and validity of the OSDI have also been 

tested using Rasch analysis (43). Dougherty et al. reported that the person separation index for 

the OSDI was at 2.16, demonstrating that the OSDI is an instrument that can be used for DED 

patients with varying levels of severity (43). Numerous studies have used the OSDI and several 

studies have used the OSDI to assess the severity of DED with certain conditions, such as 

Graves’ disease and glaucoma (44,45,46) and to investigate the efficacy of dry eye treatments 

(47,48,49).  

Unlike other symptom and pain inventories in chronic diseases, the OSDI only measures 

two domains of symptom burden: Persistence and activity interference. Given that DED is a 

chronic progressive disease and that discomfort and pain are the most widely reported 
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symptoms, additional symptom domains that are assessed in other chronic diseases, such as 

cancer, need to be included to improve the symptom assessment of DED. We therefore 

developed a tool from validated pain questionnaires, such as the Brief Pain Inventory, the Brief 

Fatigue Inventory, and the MD Anderson Symptom Inventory, to comprehensively evaluate the 

symptom burden of DED. 

 

2.6. Assessment of Depression and the Beck Depression Inventory  

Depression is a subjective state of mind that is typically described and quantified using 

self-report measures. The BDI, the Center for Epidemiological Studies Depression Scale, the 

Hamilton Rating Scale for Depression, and the Zung Self-Rating Depression Scale are the 

widely used depression tests (50). The BDI is the best known and most widely used tool for 

measuring the severity of depression (50). The tool is a 21-question multiple-choice self-report 

inventory that was created by Aaron T. Beck and first published in 1961(51). The items for the 

BDI cover emotional, behavioral, and somatic symptoms. Beck, Steer, and Grabin concluded 

that reviews of factors analyses have identified three factors: Negative attitude toward self, 

performance impairment, and somatic disturbances (52). Table II shows two studies reporting 

the sensitivity and specificity of the BDI-21 compared to the Diagnostic and Statistical Manual of 

Mental DisordersDSM, ranging from 79% to 87.7% for sensitivity and 83.9 to 91% for specificity.  
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TABLE II  
PSYCHOMETRIC PROPERTIES OF THE BECK DEPRESSION INVENTORY COMPARED TO 

DSM 
 
Study 
 
 
 

Comparison Population Cut-off 
point 

Sensitivity  Specificity PPV NPV 

Yeung 
2002 (53) 

DSM-III-R 503 Chinese 
Americans, 
USA 

>16 79% 91% 79% 91% 

Dutton 
2004 (54) 

DSM-IV 220 African 
American 
Primary Care 
Patients, 
USA 

>14 87.7% 83.9% 70% 94% 

 
  

 

The BDI has also been used to assess depression in patients with chronic debilitating 

diseases (55,56) and with patients experiencing chronic pain. Geisser et al, examined the ability 

of the BDI to discriminate between chronic patients with and without major depression, and 

reported 68.2% for sensitivity (Se) and 78.4% for specificity (Sp) (57). Lustman et al. in 1997, 

evaluated the BDI-21 as compared to the DSM-III in 172 diabetic patients at cut-off points of >8 

(Se 99%, Sp 52%), 10 (Se 98%, Sp 70%), 12 (Se 90%, Sp 84%), 14 (Se 82%, Sp 89%), and 16 

(Se 73%, Sp 93%). They reported the optimal cut-off point at >13 (58). Watnick et al. reported a 

sensitivity of 91% and specificity of 86% as compared to the DSM-IV in dialysis patients at a 

cut-off of 16 (59).  Poole et al. showed that the BDI is an excellent tool for screening depression 

in chronic pain patients when compared to the Structural Clinical Diagnostic Interview with a 

large area under the ROC curve (0.97, 95% CI 0.93–1.02) (58). The optimal cut-off point was 

reported to be at 22.0 with sensitivity being 89% and specificity 90% (60). The BDI has also 

been shown as a valuable tool to assess depression in older adult patients (61). The scaling 

and cut-off points used for depression varied between studies. The standard cut-off points have 

been reported as follows: (0–9 minimal depression; 10–18 mild depression; 19–29 moderate 
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depression; 30–63 severe depression) (52). Suija K et al. evaluated the validity of the BDI in 

older adults with depression and chronic health problems and reported a sensitivity of 88.0% 

and a specificity of 81.7% for a cut-off value of 11 (62). Moreover, Anderson et al. reported that 

the self-report BDI is an accurate and reliable tool to use in studies with more than one time 

point (63). In this thesis, we measured depressive symptoms using the BDI.  

As noted previously, a focus of this thesis is that DED and depression have common 

biological underpinnings through the mechanistic action of mutual SNPs. The SNPs used in this 

thesis are hypothesis-based and belong to the following genes: BDNF), eDNA, and VDR. The 

selection of these genes is based on a priori knowledge (gathered from the literature and from 

experiments in our laboratory) and assumptions of the potential involvement of these genes in 

the pathogenesis of DED, through the trigeminal ganglion (BDNF), the ocular surface (DNASE 

1) and the eyelid (meibomian gland disfunction, VDR).  

 
 

2.7. Hypothesized Single-Nucleotide Polymorphisms  

The BDNF is a member of the neurotrophin family and is widely expressed throughout 

the central nervous system. Findings from studies support a complex and functional role of 

BDNF in depression and antidepressant action (64,65). While investigating the molecular basis 

of symptoms in dry eye disease in our laboratory, we found that: (i) BDNF is expressed in 

inflamed corneas in the vicinity of nerves; (ii) BDNF expression is enhanced in the ipsilateral 

trigeminal ganglion of mice with corneal inflammation; (iii) mice with inflamed corneas have 

audible vocalization signifying pain perception; and (iv) corneal stromal fibroblasts robustly 

express BDNF, which can be detected in the conditioned media. Figure 1 shows the expression 

of BDNF (red) along the corneal nerves (red). The proposed mechanism for BDNF in DED is 

that chronic DED causes ocular discomfort sensations and corneal inflammation, which induce 

expression of BDNF in the trigeminal ganglion and a phenotypic shift in the expression of BDNF 



18 
 

 

 

from small-diameter C-type nociceptor neurons to large diameter A-alpha/A-beta type non-

nociceptive neurons. This phenotypic shift is the “injury switch” that leads to corneal allodynia 

and hyperalgesia. We further propose that BDNF expressed by the stromal fibroblasts in the 

cornea contributes to trigeminal/central sensitization.  

 

 

 

 

 

 

The role of BDNF in depression has also been investigated by determining the 

association between gene-encoding variants. Single nucleotide polymorphism VAL66MET is a 

BDNF prodomain SNP resulting in a valine-to-methionine substitution that has been studied 

extensively and has been shown to be associated with depression-related phenotypes and brain 

alterations involving regions consistently association with depressive disorder (66–69). 

However, this association has been inconsistent as some studies reported no effect of 

VAL66MET on depression or on antidepressant treatment response (70,71). Recent meta-

analysis have also been inconsistent, where some conclude that there is an association (72,73) 

and some conclude that there is no association (74,75). Potential reasons for this inconsistency 

include: presence of genetic heterogeneity, different populations, population stratification (one 

study found the VAL66MET to be associated with depression in men and not women; [76]), 

Figure 1: BDNF expression along 
corneal nerves. 
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gene-gene interactions, and gene-environment interactions. Interestingly and more recently, 

Jiang et al. showed that depression levels increased significantly more as a function of 

adulthood chronic stress among Val/Val genotype carriers than Met Carriers (77). Chen et al. 

also showed that the Val allele enhanced the correlation between stress life events frequency 

and adolescent depressive symptoms (78).    

 We investigated additional SNPs in the DNASE1 gene (ocular surface) and the VDR 

gene (meibomian gland). These genes have been shown to play roles in the pathogenesis of 

diseases that are associated with DED and depression. Studies have shown that DNASE 1 is 

associated with SLE (79). We have shown that eDNA production and clearance mechanisms 

are dysregulated in DED (8). In patients with severe DED, tear fluid nuclease deficiency allows 

eDNA, neutrophils, and neutrophil extracellular traps to accumulate in the precorneal tear film 

and cause ocular surface inflammation. The practical implication of our findings is the 

suggestion of new therapeutic interventions based on clearing eDNA, neurotrophic extracellular 

traps, and their molecular components from the ocular surface, as well as inhibiting eDNA 

signaling pathway gene expression. It therefore seems reasonable to explore SNPs in the 

DNASE1 gene that may be involved in the pathogenesis of DED and depression. Also VDR 

gene BSMl, Fokl, Apal and Taql polymorphisms have been investigated in the risk of SLE (80), 

which is also associated with depression (81).
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3. MATERIAL AND METHODS 

This thesis included more than one study design to address each specific aim: cross-

sectional (Specific Aim A), case-control (Specific Aims B and C), and a follow-up cohort study of 

a subset of patients included in the case-control (section of Specific Aim C). This laddered 

approach for each aim allowed us to address the main goal of further understanding the links 

between DED and depression.  

The sections below elaborate on the designs and samples for each aim, along with the 

statistical methods used. All analyses were performed using SAS software (SAS Institute Inc., 

Cary, North Carolina), and STATA SE 12.0 (StataCorp LP., College Station, Texas) software. 

PLINK 1.07 (http://pngu.mgh.harvard.edu/~purcell/plink/index.shtml) was additionally used for 

the genetics data in Specific Aim C. 

 

3.1  Specific Aim A: Develop A Dry Eye Disease Symptom Burden Tool Consisting of a 

Sensory Domain (Symptom Persistence and Intensity) and Reactive Domain 

(Activity and Affective Interference) to Measure Symptoms in Dry Eye Disease 

Patients in a Cross-Sectional Study 

 

3.1.1 Key Questions that were Explored  

Which sensory (symptom persistence and intensity) and reactive (activity and affective 

interference) domains of symptom analysis are essential for assessing symptom burden in DED 

patients? What are the roles of symptom persistence and symptom intensity of DED, and their 

impact on activity and affective interference? Do they have roles in treatment decisions? Do the 

domain scores of persistence and activity interference from this new symptom burden tool 

correlate with the similar domains present in the OSDI questionnaire, which does not contain a 

mood/affect domain? 
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3.1.2 Study Design and Study Sample:  

A cross-sectional pilot study was performed with 48 patients visiting our Dry Eye Clinic of 

the Department of Ophthalmology and Visual Sciences at the University of Illinois at Chicago 

over a period of six months from October 2012 through March 2013. New and established 

patients were included. This sample is best described as a convenience sample given our 

limited budget and that patients had the choice of participating or not participating in the study.  

 

3.1.3. Tools/Questionnaires and Clinical Assessment of Dry Eye Disease 

A four-domain DED symptom burden tool was developed adapting methods from well-

established and validated symptom burden tools. For example, the affective interference 

domain included the same questions from the MD Anderson Symptom Questionnaire (mood, 

enjoyment of life, and social relations with others). The symptom burden tool along with the 

already established OSDI questionnaire (which had demonstrated discriminant and concurrent 

validity) were administered to the sample of 48 DED patients at one time point in an interview 

during one visit. Subjects were asked about the persistence of their symptoms over the past 

week to minimize recall limitation.  

Additionally, DED was confirmed through clinical examination that included measuring 

tear production by the Schirmer test (without anesthesia) at five minutes, using Whatman filter 

strips #41 (Haag-Streit, Essex, UK). Ocular surface disease was also assessed using Rose 

Bengal dye, where saline moistened (1%) Rose Bengal-impregnated strips were used to instill 

the dye on the inferior palpebral conjunctiva, and scoring of corneal and conjunctival staining 

was performed by a slit lamp examination after 15 seconds.  

The inclusion criteria for the DED patients were Schirmer test results of <10 mm in either 

eye and Rose Bengal corneal and conjunctival staining of ≥1. Patients who were less than 18 

years and women who were pregnant were excluded from the study.  
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To determine whether intensity of symptoms correlated with treatment decision, out of 

the 48 subjects included in the study, we randomly selected 9 pairs (18 patients), where each 

pair had equal symptom persistence scores but varying intensity scores. Prescribed treatments 

for each patient pair were collected. We scored each treatment option as either 1 point or 2 

points as follows: artificial tears (1 point); Restasis (1 point); doxycycline/erythromycin eye 

ointment (1 point); steroids (2 points); therapeutic contact lens use (2 points); 

serum/DNase/other (2 points). Total treatment scores were then computed for each patient. 

To determine the total score for the symptom burden tool, a weighted item response 

analysis was performed: items from the persistence domain were summed and multiplied with 

the intensity, and the sum of activity and affective scores was then added to compute a total 

symptom burden score. Intensity scores were computed by multiplying the overall intensity with 

the number of times a patient reported waking up at night due to symptoms. The OSDI (index) 

score was calculated from OSDI item responses following standard procedures. 

 

3.1.4 Statistical Analysis 

Items in each domain were summed to generate domain scores. Domain scores were 

then standardized by subtracting the mean from each individual score in each domain and 

dividing by the standard deviation (SD) to generate normalized comparative scores. Q-Q plots 

and Shapiro Wilk tests were run to determine whether the data are normally distributed. Inter-

domain correlations were performed using the nonparametric Spearman test for each of the 

symptom burden and OSDI questionnaires, to determine whether persistence of symptoms with 

or without intensity correlated with activity and affective interference. Pearson correlation was 

not utilized because the data were not normally distributed; however, fitted lines with scatter 

plots were generated for data representation. Cross-domain and subscale correlations were 

also performed. Subscales A and B in the OSDI were considered to represent persistence of 

symptoms and activity interference, respectively.  
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To determine whether intensity of symptoms correlated with treatment decision, the total 

treatment score assigned to subjects in each pair were compared using a matched paired t-test. 

 Bland-Altman analyses were also performed to determine agreement between 

normalized symptom burden scores and normalized OSDI scores. A range of agreement was 

defined as mean ± 2 SD. Confidence intervals (CIs) at the 95% level were computed, and 

significance was determined if the interval did not include 0. 

 

3.2  Specific Aim B: Measure Depressive Symptoms in DED Patients and Controls 

Using the BDI Questionnaire and Determine the Correlation between these Symptoms 

and DED Symptoms. 

 

3.2.1 Key Questions that were Explored 

Do DED patients exhibit more depressive symptoms than controls? Are there differences 

in BDI scores in DED patients diagnosed with depression compared to DED patients without 

clinical diagnosis of depression? 

 

3.2.2 Study Design and Study Sample  

A case-control study was performed with 53 cases and 41 controls. The cases included 

DED patients who visited our clinic between November 2012 and June 2014. The diagnostic 

criteria were as follows: (i) a reporting of symptoms: burning sensation, irritation, grittiness or 

foreign body sensation, light sensitivity, pain, dryness, soreness, or discomfort in the eye; (ii) a 

Schirmer value of <10mm/5min in either eye using Whatman filter strips #41 (Haag-Streit, 

Essex, UK); or (iii) positive corneal staining and/or Rose Bengal corneal and conjunctival 

staining of >1 (1).  As mentioned in Specific Aim A, the sampling method intended a sample of 

all DED patients attending the clinic between the dates mentioned above. However, given that 
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subjects are asked whether they would like to participate in this study, the final sample is 

characterized as a convenience sample.  

 The controls were recruited from our general eye clinic with refraction-related 

complaints. The inclusion criteria included no clinical diagnosis of DED, a Schirmer value of 

>10mm/5min, and no corneal staining. None of the control subjects enrolled were using tear 

supplements. Sampling was similar to cases, where an "all sample" technique was intended, 

however taking into consideration the willingness to participate characterizes this as more of a 

convenient sample.  

 

3.2.3 Assessment of Depressive Symptoms and History of Depression 

Depressive symptoms were measured using the BDI. The BDI is a widely used tool for 

measuring the severity of depressive symptoms. The standard cut-off points for the BDI are 0–

9: indicating minimal depression; 10–18: indicating mild depression; 19–29: indicating moderate 

depression; 30–63: indicating severe depression. In this study, the BDI score was divided into 

<9 or >9. Depression status was determined as a composite variable through chart review as 

"ever having depression" through medical and psychological history and/or through any history 

of prescribed medications specific to depression. This composite variable was determined 

because for some patients a diagnosis of clinical depression in their charts was not indicated; 

however antidepression medication was listed among their medications. Psychiatric medication 

was also determined as a separate variable. 

 

3.2.4 Assessment of Dry Eye Disease Symptoms 

Similar to Specific Aim A, DED symptoms were assessed using two tools: The Symptom 

Burden Tool and the OSDI tool. The Symptom Burden Tool assesses four domains: 

persistence, intensity, activity, and affective interference. The OSDI tool measures persistence, 

activity interference, and environmental triggers. Scores on the OSDI range from 0 to 100 and 
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from 0 to 520 for the Symptom Burden Tool. The use of the two tools is complementary, 

because the more used and validated tool OSDI does not contain an affective domain. 

 

3.2.5 Statistical Analysis 

Histograms with the normal curve, Q-Q plots, and the statistical tests for normality were 

used to determine if the data is normally distributed. Demographic data were summarized as 

means + SD and percent distribution. For data representation and clinical interpretation, OSDI 

scores, DED symptom burden questionnaire scores, and BDI scores were summarized as mean 

+ SD. Regression diagnostics (studentized residuals and leverage) were performed to detect 

any outliers and unusual influential data. Scatter plots were generated with fitted lines between 

DED symptoms and depression symptoms. Linear statistical models and polynomial regression 

were run to determine the type of relationship between depressive symptoms and DED 

symptoms.  

 Independent t-test was performed to determine differences of BDI scores between cases 

and controls. Similarly, independent t-test comparison of DED symptom scores among cases 

diagnosed with depression and those without depression was also performed. Linear regression 

was used to estimate the association between DED symptom continuous scores and BDI 

depression scores. Logistic regression was used for the DED dichotomous outcome and 

depression status as exposure. Unadjusted and adjusted regression analysis was performed. 

Chi-square and Fisher's exact test were used for categorical variables. Medians were also 

calculated for each scoring variable. Statistical significance was set at 0.05. Data were analyzed 

using STATA/SE v12 software.   



26 
 

 

 

3.3 Specific Aim C. Investigate Whether DED and Depression Are Linked through 

Common Genetic Polymorphisms Using a Case-Control Study (C1), and 

Determine Whether the Response to DED Treatment Is Related to the Presence of 

Specific SNPs in a Subset of DED Patients (C2). 

 

3.3.1 Key Questions that Were Explored   

Are SNPs in the BDNF, DNASEI, or VDR genes associated with DED? Are SNPs in the 

BDNF, DNASEI, or VDR genes associated with depression? Do any of these SNPs play a role 

in treatment response of DED? 

 

3.3.2 Study Design and Study Sample  

This was a case-control study for Specific Aim C1 and follow-up cohort for Specific Aim C2. For 

Specific Aim C1, 64 cases and 51 controls were recruited from our Dry Eye Clinic at the 

Department of Ophthalmology and Visual Sciences, University of Illinois at Chicago. The DED 

sample included patients who visited our clinic from 2012 till 2014. Similar to Specific Aim B, the 

diagnostic criteria were: (i) a reporting of symptoms: burning sensation, irritation, grittiness or 

foreign body sensation, light sensitivity, pain, dryness, soreness, or discomfort in the eye; (ii) a 

Schirmer value of <10mm/5min in either eye using Whatman filter strips #41 (Haag-Streit, 

Essex, UK); or (iii) positive corneal staining and/or Rose Bengal corneal and conjunctival 

staining of >1 (1). Similar to Specific Aims A and B, the sampling method intended a sample of 

all DED patients attending the clinic between the dates mentioned above. However, given that 

subjects are asked whether they would like to participate in this study, the final sample is 

characterized as a convenience sample.  

Control patients who visited our general eye clinic with refraction-related complaints 

were recruited to the study. The inclusion criteria included no significant symptoms of DED, a 
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Schirmer value of >10mm/5min, and no corneal staining. None of the control subjects enrolled 

were using tear supplements. 

For Specific Aim C2, a subset of the cases in Specific Aim C1 was randomly selected. 

The intent was to select 50% of the cases. Taking into consideration that some of these patients 

may be lost to follow-up; a simple random sample of 36 patients was performed. Patients were 

then followed up over time between November 2012 and June 2014 for clinical and symptom 

assessment. Patients were asked to rate their symptoms on a scale of 0 to 4 related to: 

dryness, irritation, light sensitivity, and pain at baseline and at their follow-up. Additionally, 

during each follow-up, patients were asked about their symptom experience as follows: (i) no 

change; (ii) 25% better; (iii) 50% better; (iv) 75% better; or (v) worse. Prescribed DED 

treatments for each patient were also collected. The last follow-up visit for each patient was 

selected because a minimum of six months follow-up was required if a patient were to show 

significant improvements in symptoms.  

  

3.3.3 Assessment of Gene Polymorphisms 

A saliva sample of 2ml was collected, following a routine eye exam, in a saliva collection 

kit (Oragene Sample DNA collection kit) and transported to the laboratory. The kit is pretreated 

for DNA stabilization, extraction, and purification. Following DNA extraction, the samples were 

sent to the Duke Molecular Physiology Institute. They were diluted to 1ng/ul using UltraPure™ 

DNase/RNase-Free Distilled Water (Life Technologies, Grand Island, New York). A total of 3ng 

of each sample was transferred to a 384 well plate using an epMotion 5075 TMX automated 

pipetting system (Eppendorf North America, Hauppauge, New York). 

Genotyping was performed using both custom and predesigned TaqMan® SNP 

Genotyping Assays (Life Technologies, Grand Island, New York) for the 12 SNPs. Table III lists 

the SNPs and their primers. The PCR was performed according to manufacturer protocols on 3 

ng of genomic DNA in 5 µl reaction volumes, using the GeneAmp® 9700 Dual 384-Well PCR 
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system (Life Technologies, Grand Island, New York) and subsequently scanned on a ViiA™ 7 

Real-Time PCR System (Life Technologies, Grand Island, New York). Data were assessed on, 

and exported from, ViiA 7 RUO Software v1.2.1. CEPH samples (NIGMS Repository, Coriell 

Institute for Medical Research, Camden, New Jersey), study sample replicates, and no template 

controls (NTCs) were used for quality control (QC). The QC replicates were required to match 

100%, and NTCs were required to have no amplification. 

For example, BDNF genotyping was performed as described in previous studies (82).  

The following primers 5-ACT CTG GAG AGC GTG AAT GG-3 and 5-ACT ACT GAG CAT CAC 

CCT GGA-3, a 171 base-pair product will be amplified, followed by digestion with PmaCI 

restriction enzyme and agarose gel electrophoresis. The following genotypes will be assigned: 

GG two bands 99 bp and 72 bp; GA two bands 171 and 99 bp; AA one band 171 bp.  
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TABLE III 
SNPS AND THEIR PRIMERS USED FOR GENOTYPING 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
 
Gene rs no. Alleles

 
Primers for PCR amplification  
(5’ – 3’) 

BDNF Rs6265 G/A F:ACTCTGGAGAGCGTGAATGG  
 

  
R: ACTACTGAGCATCACCCTGGA 

DNASEI R-21S 
(rs8176927)  G/T F: GCCAGCTGTTTGGCTTTCTGGA 

 

  
R: CAGCGCCCCCAGCAGCTTCAT 

DNASEI Y95S 
(rs34923865) A/C F: AGGTGTCTGCGGTGGACAGGT 

 

  
R: GTGTGTGACACAGGCATTCCA 

DNASEI R105G 
(rs8176919) G/A F: CAGGTGTCTGCGGTGGACAGC 

 

  
R: GTGTGTGACACAGGCATTCCA 

DNASEI P132A 
(rs1799891) C/G F: GCTGACATGGTGACTGAACCT 

 

  
R: ATAGGCACAGTGCGTGGGTGT 

DNASEI Q222R 
(rs1053874) A/G F: CATCTGGGGATAAGAGGAGAG 

 

  
R: AGTCGGGAACAACGGCGACT 

DNASEI L186L 
(rs8176920) A/G F: TCCCAGTGGTCATCCATCCGCAT 

 

  
R: CTTTGAGGCTTCTGAAGCCCG 

DNASEI P197S 
(rs34186031) C/T F: GACGTCATGTTGATGGGCGA 

 

  
R: ATAGGCACAGTGCGTGGGTGT 

VDR rs2228570 C/T F: GCACTGACTCTGGCTCTGAC  
 

  
R: ACCCTCCTGCTCCTGTGGCT  

VDR rs1544410 A/G  F: GGAGACACAGATAAGGAAATAC 
 

  
R: CCGCAAGAAACCTCAAATAACA 

VDR rs7975232 A/C  F: TGGGCACGGGGATAGAGAAG 
 

  
R: ACGGAGAAGTCACTGGAGGG 

VDR rs731236 T/C  F: TCCTGTGCCTTCTTCTCTATC  
 

  
R: CTAGCTTCTGGATCATCTTGG  
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3.3.4 Sociodemographic Variables and Assessment of Depression  

Demographic data (date of birth, gender, race) were collected from medical records of 

cases and controls. As in Specific Aim B, depression (yes/no) was assessed through medical 

chart review of any diagnosed history of clinical depression and ever being prescribed 

antidepressants. Depression status was determined as a composite variable through chart 

review as "ever having depression" through medical and psychological history and/or through 

any history of prescribed medications specific to depression. This composite variable was 

determined because for some patients a diagnosis of clinical depression in their charts was not 

indicated; however antidepressant medication was listed among their medications. 

 Additionally for Specific Aim C2, prescribed DED medication was extracted from medical 

records. Each treatment option was scored as either 1 point or 2 points as follows: artificial tears 

(1 point); Restasis (1 point); doxycycline/erythromycin eye ointment (1 point); steroids (2 points); 

therapeutic contact lens use (2 points). Points were summed, ranging from 0 to 7. 

   

3.3.5 Statistical Analysis 

For Specific Aim C1: The SNPs were tested for Hardy-Weinberg equilibrium (HWE) 

using χ2-test. Any SNPs that deviated from HWE (P<0.01) were excluded from further analysis. 

Genotype and allele frequencies of cases and controls were evaluated. The trend P-Value for 

additive effects was determined for genotypes, and the allele frequencies were evaluated using 

chi-square. Odds ratios and 95% CIs were also calculated for allele frequencies. Logistic 

regression was also performed to determine the association between SNPs and DED. Stratified 

analysis was performed to determine if the association between SNPs and DED varied by 

depression status. 

 For Specific Aim C2, histograms with the normal curve, Q-Q plots, and the statistical 

Shapiro-Wilk test were used to determine if the data were normally distributed. Demographic 

data were summarized as means + SD and percent distribution. Baseline symptom scores were 
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calculated and compared with scores from the last follow-up time point for each patient using a 

paired t-test. To test our hypothesis, we stratified change in symptom score by genotype. Given 

that data from some of our patients were incomplete and that some were lost to follow-up, we 

compared baseline characteristics of those who were included in the follow-up analysis and 

those who were not (missing). 
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4. STUDY 1 

SYMPTOM BURDEN OF PATIENTS WITH DRY EYE DISEASE: A FOUR DOMAIN 
ANALYSIS1 

 

Dry eye disease is a complex symptomatic disease with inexplicable clinical variations. 

With a prevalence ranging from 5% to more than 35% at various ages (1), DED is one of the 

leading causes of patient visits to ophthalmologists and optometrists in the United States due to 

its debilitating symptoms (11,13). Several clinical tests are available to measure the aspects of 

DED. However, there is no gold standard for diagnosis, and clinicians rely on patient reported 

symptoms of ocular discomfort to make treatment decisions. 

 The reported symptoms of DED include pain, dryness, grittiness, itchiness, redness, 

burning or stinging, foreign body sensation, and light sensitivity. These symptoms have been 

reported to negatively impact the quality of life, with a greater risk of depression and anxiety for 

those with more symptoms (4,5). Given the variability of clinical tests, assessing DED symptoms 

in their entirety becomes fundamentally important to guide treatment decisions. In other chronic 

diseases, symptoms are thought of as a “burden,” and are measured in domains to encompass 

both the persistence and intensity of the symptoms and the patient’s perception of the impact of 

the symptoms (83,84). The total assessment of symptoms in similar domains is not often used 

in DED. While there are tools that measure the entire scope of DED, their utility is limited to 

clinical research. Developing a brief tool that comprehensively measures the symptom burden 

of DED without increasing respondent burden is needed for daily clinical use and diagnosis. A 

starting point is to adopt concepts used to measure symptoms in other diseases, and tailor them 

to symptoms of DED.  

 The method of domain assessment of symptoms is used in chronic diseases such as 

symptom control of cancer, especially when cure or remission is no longer possible (84). Pain 

                                                 
1
 Published in Plos One: Hallak, J.A., Jassim, S., Khanolkar, V., Jain, S.. Symptom burden of patients with dry eye 

disease: a four domain analysis. PLoS One. 2013 Dec 13;8(12). 
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questionnaires, such as the Brief Pain Inventory, the Brief Fatigue Inventory, and the MD 

Anderson Symptom Inventory were developed to measure pain and discomfort. These tools are 

designed to assess symptoms in multiple dimensions and domains (84). The domains include 

intensity and severity (sensory dimension), and affective and activity interference (reactive 

dimension) (83,84). The rationale for use of a four-domain tool is that it is specifically tailored to 

measuring multiple patient-reported symptoms and their impact. This applies very well to DED, 

given the underlying neurophysiological mechanisms of pain, and that DED is a chronic 

progressive disease. We therefore hypothesize that a more complete symptom assessment 

using four domains that characterize the “symptom burden” of DED will be more reflective of the 

disease and will better indicate optimal treatment.  

 In this study, we developed a tool to investigate the four-domain symptom burden of 

DED for ease of use in clinical settings, to determine the roles of symptom persistence and 

symptom intensity of DED, and their impact on activity and affective interference. We also 

performed a cross-sectional pilot study administering both the DED symptom burden tool and 

the OSDI questionnaire for cross-comparison. 
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4.1 Methods 

 Study approval was obtained from the Institutional Review Board of the University of 

Illinois at Chicago. Symptomatic patients with DED were enrolled and written informed consent 

was obtained from all patients after the nature and possible consequences of research were 

explained. Research was conducted in accordance with the requirements of the Health 

Insurance Portability and Accountability Act and tenets of the Declaration of Helsinki.  

 

4.1.1 Developing a Four-Domain Symptom Burden Tool  

 Based on our findings from the literature regarding DED symptoms, a four-domain DED 

symptom burden tool was developed adapting methods from well-established and validated 

symptom burden tools. For example, the affective interference domain included the same 

questions from the MD Anderson Symptom Questionnaire (mood, enjoyment of life, and social 

relations with others). 

 Classification into dimensions and domains: The two main dimensions assessed were 

sensory and reactive dimensions. Based on these dimensions the symptom burden was 

classified into four main domains (Figure 2): (i) Sensory Dimensions—Symptom Persistence 

and Symptom Intensity, and (ii) Reactive Dimensions—Activity Interference and Affective 

Interference. Symptom persistence can be defined as the continuous occurrence of symptoms, 

whereas symptom intensity is the severity of symptoms. Activity interference is the effect of dry 

eye symptoms on day-to-day activities of an individual. Affective interference is the effect on the 

emotional and social well-being of an individual due to dry eye symptoms.  

 Scales used in domains: Various scales were used that organized symptoms into 

domains (Figure 2). These scales can be described as follows: (i) Verbal Descriptive Scale, 

which classifies symptoms according to the methods of assessment that include measurements 

of mild/moderate/severe symptoms, (ii) Visual Analog Scale, a scale used frequently in the 

measurement of DED symptoms (85), is used for describing pain that cannot be characterized 
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by words with the use of visual images on a scale of one to ten, (iii) Numerical Rating Scale 

classifies symptoms based on numerical scales such as 0 to 20 or 0 to 75, and is used as a 

mode of assessment of symptoms in dry eye studies, and (iv) Verbal Rating Score, which 

describes the occurrences of symptoms as none of the time, some of the time, most of the time, 

or all of the time. 

 The four-domain symptom burden tool that we developed is shown in Figure 3. A visual 

rating scale was used for the persistence, activity, and affective interference domains, and a 

combination of scales (visual analog and numerical) was used for the intensity domain. The 

visual analog scale is commonly used for assessing severity of symptoms (acuteness of pain) in 

a variety of settings. After generating the symptom burden tool, a cross-sectional pilot study was 

performed where the DED symptom burden tool and the OSDI questionnaire were administered 

to 48 patients.  
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Figure 2. Symptom burden domains and measurement scales. (A). Domains of 
Symptom Burden of Dry Eye Disease. The symptom burden of dry eye disease is 
divided into two main dimensions: sensory dimension and reactive dimension. The 
sensory dimension is divided into two domains, symptom persistency and symptom 
intensity, while the reactive dimension is divided into activity interference and affective 

interference [Adapted from reference # 84]. (B). Scales for Measuring Symptoms. The 

visual analog and numerical scales are used to measure intensity of symptoms, 
whereas the visual rating scale is used to measure persistence of symptoms. 
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Figure 3. Dry Eye Symptom Burden Tool consisting of four domains: Symptom persistence, 
symptom intensity, activity interference, and affective interference. 
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4.1.2 Data Collection and Patient Population 

 Patients were recruited from the Dry Eye Clinic of the Department of Ophthalmology and 

Visual Sciences, University of Illinois at Chicago. New and established patients, diagnosed with 

DED through the assessment of symptoms and clinical signs, were recruited over the course of 

a six-month period, from October 2012 through March 2013. The symptom burden tool and the 

OSDI questionnaires were administered to patients in an interview during one visit. Subjects 

were asked about the persistence of their symptoms over the past week to minimize recall 

limitation.  

Clinical examination included measuring tear production by the Schirmer test (without 

anesthesia) at five minutes, using Whatman filter strips #41 (Haag-Streit, Essex, UK). Severity 

of ocular surface disease was assessed using Rose Bengal dye. Saline moistened (1%) Rose 

Bengal-impregnated strips were used to instill the dye on the inferior palpebral conjunctiva, and 

scoring of corneal and conjunctival staining was performed by a slit lamp examination after 15 

seconds.  

The inclusion criteria were patients with Schirmer test results of <10 mm in either eye 

and Rose Bengal corneal and conjunctival staining of ≥1. Patients who were less than 18 years 

and women who were pregnant were excluded from the study.  

 To determine whether intensity of symptoms correlated with treatment decision, out of 

the 48 subjects included in the study, we randomly selected 9 pairs (18 patients), where each 

pair had equal symptom persistence scores but varying intensity scores. Prescribed treatments 

for each patient pair were collected. We scored each treatment option as either 1 point or 2 

points as follows: artificial tears (1 point); Restasis (1 point); doxycycline/erythromycin eye 

ointment (1 point); steroids (2 points); therapeutic contact lens use (2 points); 

serum/DNase/other (2 points). Total treatment scores were then computed for each patient. 
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A weighted item response analysis was performed for the symptom burden tool: items from the 

persistence domain were summed and multiplied with the intensity, and the sum of activity and 

affective scores was then added to compute a total symptom burden score. Intensity scores 

were computed by multiplying the overall intensity with the number of times a patient reported 

waking up at night due to symptoms. The OSDI (index) score was calculated from OSDI item 

responses following standard procedures (32). 

 

4.1.3 Statistical Analysis 

 Items in each domain were summed to generate domain scores. Domain scores were 

then standardized by subtracting the mean from each individual score in each domain and 

dividing by the SD to generate normalized comparative scores. The Q-Q plots and Shapiro Wilk 

tests were run to determine whether the data were normally distributed. Inter-domain 

correlations were performed using the nonparametric Spearman test for each of the symptom 

burden and OSDI questionnaires, to determine whether persistence of symptoms with or without 

intensity correlated with activity and affective interference. Pearson correlation was not utilized 

because the data were not normally distributed; however fitted lines with scatter plots are shown 

for data representation. Cross-domain and subscale correlations were also performed. 

Subscales A and B in the OSDI were considered to represent persistence of symptoms and 

activity interference, respectively.  

 To determine whether intensity of symptoms correlated with treatment decision, the total 

treatment score assigned to subjects in each pair were compared using a matched paired t-test. 

 Bland-Altman analyses were performed to determine agreement between normalized 

symptom burden scores and normalized OSDI scores. A range of agreement was defined as 

mean ± 2 SD. All analyses were performed using SAS software (SAS Institute Inc., Cary, North 

Carolina) and STATA (StataCorp LP., College Station, Texas) software. Confidence intervals at 

the 95% level were computed, and significance was determined if the interval did not include 0. 
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4.2 Results 

The patient population consisted of 32 females and 16 males with mean age of 52.8 

years. Ten patients were diagnosed with autoimmune DED, 32 with non-autoimmune DED, and 

7 with graft-versus-host disease (GVHD)-related DED.   

 Within the symptom burden tool, higher correlations were observed between persistence 

of symptoms and affective interference than persistence of symptoms and activity interference (r 

=0.62; 95% CI [0.39, 0.77] versus r =0.58; 95% CI [0.35, 0.75]) (Table IV). The correlation 

between the OSDI persistence subscale and affective interference domain in the symptom 

burden tool was r =0.73; 95% CI [0.56, 0.84] (Table IV). Multiplying the persistence of 

symptoms with the intensity did not improve the correlation in the symptom burden tool for 

activity interference (r =0.54) and for affective interference (r =0.56). Correlations between 

intensity of symptoms alone, and activity and affective interference were low, r =0.37 [95% CI 

0.08, 0.60] and r =0.38 [95% CI 0.09, 0.60], respectively, with the symptom burden tool. 
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TABLE IV 
SPEARMAN CORRELATION BETWEEN AND ACROSS DOMAINS IN THE SYMPTOM BURDEN TOOL (SB) AND THE OSDI 

QUESTIONNAIRE 
 

Domain r [95% CI] Persistence SB  Intensity SB Persistence x 
Intensity (SB)  

Activity 
Interference SB 

Affective 
Interference SB 

Persistence OSDI Activity OSDI  

Persistence SB 1.00 0.27 [-0.03,0.53] 0.75 [0.59,0.86] 0.58 [0.35,0.75] 0.62 [0.39,0.77] 0.76 [0.60,0.86] 0.53 [0.29,0.72] 

Intensity SB 0.27 [-0.03,0.53] 1.00  0.81 [0.67,0.89] 0.37 [0.08,0.60] 0.38 [0.09,0.60] 0.47 [0.21,0.67] 0.26 [-0.03,0.52] 

Persistence x Intensity  0.75 [0.59,0.86] 0.81 [0.67,0.89] 1.00 0.54 [0.3,0.73] 0.56 [0.32,0.74] 0.76 [0.59,0.86] 0.55 [0.30,0.73] 

Activity Interference SB 0.58 [0.35,0.75] 0.37 [0.08,0.60] 0.54 [0.3,0.73] 1.00 0.68 [0.48,0.81] 0.60 [0.37,0.76] 0.79 [0.65,0.88] 

Affective Interference SB 0.62 [0.39,0.77] 0.38 [0.09,0.60] 0.56 [0.32,0.74] 0.68 [0.48,0.81] 1.00 0.73 [0.56,0.84] 0.64 [0.43,0.79] 

Persistence OSDI 0.76 [0.60,0.86] 0.47 [0.21,0.67] 0.76 [0.59,0.86] 0.60 [0.37,0.76] 0.73 [0.56,0.84] 1.00 0.55 [0.30,0.72] 

Activity OSDI 0.53 [0.29,0.72] 0.26 [-0.03,0.52] 0.55 [0.30,0.73] 0.79 [0.65,0.88] 0.64 [0.43,0.79] 0.55 [0.30,0.72] 1.00 
SB: Symptom Burden; OSDI: Ocular Surface Disease Index 
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Figure 4. A−D show the scatter plots, with the best fitted lines and the 95% CI  between 
scores of persistence of symptoms and affective interference and persistence of symptoms 
and activity interference with the symptom burden tool and OSDI questionnaires. The best 
fitted linear relationship is shown between persistence of symptoms as measured by the OSDI 
subscale A and affective interference as measured with the symptom burden tool (R2 =0.49) 
(Figure 4B).  
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 Bland-Altman analysis showed that most values are between +/- 2 SD of the mean 

difference between the symptom burden tool scores and OSDI scores. The 95% confidence 

limits of agreement between the two methods ranged from -1.7 to 1.7, depicting good 

agreement between OSDI total scores and the symptom burden total scores (Figure 5).  

With regard to the effect of intensity of symptoms on treatment decision, 6 out of the 9 pairs 

(66.7%) had patients reporting high-intensity symptom burden 33.3% (3 of 9 pairs) were 

patients reporting low-intensity symptom burden (A difference between high and low intensity of 

>4 was used as a cutoff point). The mean difference in symptom burden score between high 

and low intensity was 10.56 (SD=5.68) (14.89 high versus 4.33 low, p<.0001). The mean 

treatment score for patients with high-intensity symptoms was 6.33 (SD=1.32) and 3.78 

(SD=1.92) for patients with low-intensity symptoms, for a mean difference in treatment score of 

2.56 (SD=2.96, p=.03). There were three patients with low intensity who received aggressive 

treatment, mainly due to either neuropathic pain (one patient with post-LASIK DED reported 

high intensity), or due to a marginal difference in intensity with equal persistence. 

  



44 
 

 

 

 

 

Figure 5. Bland-Altman plot for assessing symptoms of DED with the symptom burden 
tool and OSDI. The 95% confidence limits of agreement between the two methods 
ranged from -1.7 to 1.7. As shown, 46 out of 48 scores are within the 95% CI, 
indicating good agreement between the OSDI and symptom burden scores.  
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4.3 Discussion 

This study revealed three main findings: (i) affective interference correlates more 

strongly with persistence of DED symptoms, (ii) the synergistic effect of intensity of symptoms 

with persistence of symptoms did not increase the correlation, and (iii) intensity of symptoms 

may play a role in treatment decisions. The persistence of symptoms in the OSDI did show a 

moderate correlation with activity interference. However, activity interference alone may not be 

a good index of the overall suffering of DED patients because it overlooks the emotional and 

psychological aspects (affective interference). Our results showed that the persistence of 

symptoms in OSDI actually correlated better with affective interference in the symptom burden 

tool rather than with activity interference. Therefore, our pilot data make a case for including 

affective interference in tools that assess DED symptoms. Evaluating the symptom burden of 

DED in its entirety will allow us to better delineate responses to treatments. 

 Dry eye disease has been shown to negatively impact the quality of life of patients, 

including general quality of life and vision-related quality of life (86,87). Furthermore, DED has 

been shown to be correlated with anxiety and depression (4,5,27). The negative impact on the 

quality of life is mainly due to the progression of dry eye symptoms, creating a complex situation 

that interferes with daily activities and the emotional state of DED patients (1). The OSDI activity 

interference has been utilized by studies to measure the impact of DED on quality of life (33). 

However, the OSDI does not include an affective component. It is a disease-specific 

questionnaire that includes three subscales or domains: ocular discomfort (OSDI symptoms, 

equivalent to persistence); functioning (OSDI function, equivalent to activity interference); and 

environmental triggers (OSDI triggers) (32,88). In addition to the OSDI, studies have also used 

more generic instruments such as the National Eye Institute Visual Function Questionnaire 

(NEI-VFQ) to measure the quality of life of DED patients (33,89). The NEI-VFQ is a 25-item 

questionnaire with 11 subscales/domains, of which mental functioning is one. Vitale et al. 

compared the use of the NEI-VFQ and the OSDI to examine the associations between the 
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quality of life measures and ocular surface measures in patients with Sjögren’s syndrome (33). 

They examined subscale/domain correlations between the two instruments. Associations 

between OSDI and NEI-VFQ subscales were modest and the report concluded that both 

instruments were similar in their ability to measure the impact of Sjögren’s syndrome-related dry 

eye on vision-targeted health-related quality of life (33). Li et al. have simultaneously used both 

the OSDI and NEI-VFQ instruments to measure the quality of life (27), and more recently a new 

instrument known as the Impact of Dry Eye on Everyday Life (IDEEL) has been developed (40). 

The IDEEL questionnaire includes 57 items that assess dry eye impact in three modules: 

symptom-bother, impact on daily life, and dry eye treatment satisfaction. The impact on daily life 

module included an emotional aspect. While the IDEEL was described as the only 

comprehensive questionnaire that assesses the entire scope of dry eye on patient outcomes, it 

is more useful in research settings as its regular clinical utility is limited by the time required to 

administer the questionnaire. Abetz et al. do mention the reduction of items and the use of 

specific—but not necessarily all—modules to assess dry eye related quality of life (40). 

 The concept of symptom assessment of dry eye has been used elsewhere. Schaumberg 

et al. developed and evaluated a short questionnaire based on a visual analog scale called the 

“Symptom Assessment iN Dry Eye (SANDE)” to quantify the frequency and severity of DED. 

While this instrument exhibited good reliability, it did not measure the symptom burden of DED 

in its entirety (85). In this study, we developed a tool adapting a variety of scales (visual analog 

scale, visual rating scale, and numerical rating scale) to measure the entire symptom burden of 

DED in domains used in other chronic studies that were deemed to be necessary components 

to measure the impact of symptoms on quality of life. We believe that persistence and intensity 

of DED symptoms affect daily activities and the mood of individuals. However, our results show 

that intensity of symptoms did not correlate with activity and affective interference, whereas the 

persistence of symptoms showed much higher correlations, especially with affective 

interference. The importance of measuring the impact of DED symptoms on affective 
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interference is consistent with recent studies showing an association between depression, 

anxiety, and DED (4,5,90). 

 To further understand the role of intensity of symptoms, we determined whether intensity 

of symptoms would correlate with physician treatment of choice (aggressive versus 

nonaggressive). Our results showed that, irrespective of clinical signs, the majority of patients 

reporting more intense symptoms received aggressive treatments, whereas patients reporting 

low-symptom intensity received less aggressive treatments. Physicians rely upon symptom 

analysis to make treatment decisions. The more symptomatic patients are during a clinical visit, 

the more aggressive treatment they will receive. It becomes fundamentally important to analyze 

symptoms reliably and in their totality to guide treatment decisions.  

 The problems in evaluating efficacy of treatment in DED are related to incomplete 

understanding of symptom burden analysis. Traditional therapies for DED replace or conserve 

the patient’s tears without correcting the underlying disease process. These include tear 

replacement by topical artificial tears and punctal occlusion to prevent the drainage of natural or 

artificial tears (91). The development of pharmacological therapies has been limited by our 

incomplete understanding of the mechanism, pathogenesis, and clinical manifestation of DED. 

Whether treatment is helpful or not is based on improvements in signs and symptoms. However 

there is a well-established disconnect between signs and symptoms (86,92,93). The disconnect 

makes it difficult to determine whether the treatment is efficient. In addition, recent outcome 

studies and reviews on dry eye therapies have shown that dry eye treatment needs to be 

tailored to the type and severity of DED (94). This can only be done by effectively developing a 

multi-symptom patient-reported outcome tool for DED. Dry eye symptoms can persist for years 

and may worsen over time. Thus, there is a need to collectively assess the symptoms of dry eye 

and measure its symptom burden. 
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 The symptom burden tool for DED, developed in our study, provides an efficient and 

easy method to measure the impact of symptom persistence and intensity on activity and 

affective interference and treatment decisions, respectively. There are several limitations to this 

study, including the assessment of symptoms at one time point only and the small sample size. 

This is a pilot study and results cannot be broadly generalized. Studies with a larger sample size 

in this population, as well as other dry eye population groups, are required to further determine 

the content, construct, and criterion validity of the symptom burden tool. Specifically, a 

predictive validity study is required to measure the association between the burden domains 

with one or two outcome measures over time, such as changes in symptoms over time or the 

effects of treatment. Additionally, prospective studies where the symptom burden is measured 

at several time points are needed to measure the reliability of the symptom burden tool. Despite 

these limitations, we believe that adding an affective component to standardized questionnaires 

for DED, such as the OSDI, may allow us to determine the effect of persistence of DED 

symptoms on psychological and social wellbeing. Measuring the intensity of symptoms will allow 

us to further understand treatment responses and develop treatment decisions. 
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5. STUDY 2 
DEPRESSIVE SYMPTOMS IN DRY EYE DISEASE PATIENTS: A CASE-CONTROL STUDY 

USING THE BECK DEPRESSION INVENTORY2 
 

The aggressiveness of DED treatment is based on the severity of symptoms, which 

include pain, dryness, grittiness, itchiness, redness, burning or stinging, foreign body sensation, 

and light sensitivity (1). It is known that DED symptoms do not correlate with clinical signs, 

where certain clinical tests such as the Schirmer test do not correlate with patient-reported 

dryness (92). However, the chronic discomfort observed in DED patients may be associated 

with a decrease with the quality of life correlating it with affective interference (95). 

 Recent case-control and cross-sectional studies have reported an association between 

depression and DED, post-traumatic stress disorder and DED, and anxiety and DED (2–

5,28,96,97). Examination of the association between depression and DED started when some 

researchers revealed that depressive mood is one of the underlying causes of subjective dry 

mouth (29,30). Others suggested that dry eye symptoms and mood status may influence each 

other (31). The 2007 DEWS report included a discussion on the debilitating symptoms of DED 

and their result in both psychological and physical effects that impact the quality of life (1). 

Subsequently, Li et al. assessed vision-related quality of life and psychosocial impacts and 

found correlations with depression and anxiety (27). Labbe et al., using subjects from the Beijing 

Eye Study, showed that depression was associated with DED in particular with dry eye 

symptoms (96). 

We hypothesize that the presence of depression in DED may cause patients to perceive 

symptoms in an anomalous fashion compared to patients without depression. This is similar to 

the relationship between psychological and psychophysiological characteristics with 

fibromyalgia (98). This means that if depression was treated independently and its contribution 

                                                 
2
 Abstract accepted for poster presentation at the 2015 Association for Research in Vision and Ophthalmology 

meeting in May. 
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to patient dry eye symptoms removed from the equation, then it may be possible to manage 

DED with less aggressive treatments (i.e., the frequency of medication intake and type of 

medication).  

In this case-control study, we used the BDI to measure depressive symptoms in DED 

patients and controls to determine the association between depressive and DED symptoms.  

 

5.1 Methods 

5.1.1 Study Overview 

Study approval was obtained from the Institutional Review Board of the University of 

Illinois at Chicago. Symptomatic patients with DED were enrolled and written informed consent 

was obtained from all patients after the nature and possible consequences of research were 

explained. Research was conducted in accordance with the requirements of the Health 

Insurance Portability and Accountability Act and tenets of the Declaration of Helsinki. Eligible 

patients completed two DED symptom questionnaires and the BDI questionnaire to measure 

depressive symptoms. The DED symptom questionnaires were completed by the interviewer 

and the BDI questionnaire was completed by self-administration. Sociodemographic data and 

psychological and medication history were obtained by chart review. All subjects included in our 

study were over 18 years of age. 

 

5.1.2 Study Population 

Fifty-three patients were recruited from our Dry Eye Clinic at the Department of 

Ophthalmology and Visual Sciences, University of Illinois at Chicago. The DED sample included 

newly diagnosed and established patients with DED who visited our clinic between November 

2012 and June 2014. The diagnostic criteria were: (i) a reporting of symptoms: burning 

sensation, irritation, grittiness or foreign body sensation, light sensitivity, pain, dryness, 

soreness, or discomfort in the eye; (ii) a Schirmer value of <10 mm/5 min in either eye using 
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Whatman filter strips #41 (Haag-Streit, Essex, UK); or (iii) positive corneal staining and/or Rose 

Bengal corneal and conjunctival staining of >1 (1). A saliva sample was collected from all DED 

patients attending the clinic between the dates mentioned above. However, given that subjects 

were asked whether they would like to participate in this study, the final sample was 

characterized as a convenience sample. 

 Forty-one control patients who visited our general eye clinic with refraction-related 

complaints were recruited to the study. The inclusion criteria included no clinical diagnosis of 

DED, a Schirmer value of >10 mm/5 min, and no corneal staining. None of the control subjects 

enrolled were using tear supplements. Sampling was similar to cases where an all-sample 

technique was intended; however, taking into consideration the willingness to participate 

characterized this as more of a convenience sample.  

 

5.1.3 Assessment of Depressive Symptoms and History of Depression 

Depressive symptoms were measured using the BDI, which is a widely used tool for 

measuring the severity of depressive symptoms (50). The tool is a 21-question multiple-choice 

self-report inventory that was created by Aaron T. Beck and first published in 1961 (51). The 

items for the BDI cover emotional, behavioral, and somatic symptoms. Beck, Steer, and Grabin 

concluded that reviews of factors analyses have identified three factors: Negative attitude 

toward self, performance impairment, and somatic disturbances (52). The standard cutoff points 

for the BDI are 0–9, indicating minimal depression; 10–18, indicating mild depression; 19–29, 

indicating moderate depression; 30–63, indicating severe depression. In this study, the BDI 

score was divided into <9 or >9. Depression status was determined as a composite variable 

through chart review. The variable was determined as "ever having depression" through medical 

and psychological history and/or through any documented history of prescribed psychiatric 

medications. This composite variable was determined because for some patients a diagnosis of 
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clinical depression in their charts was not indicated; however psychiatric medication was listed 

among their medications. Psychiatric medication was also determined as a separate variable. 

 

5.1.4 Assessment of Dry Eye Disease Symptoms 

The symptoms of DED were assessed using two tools: the symptom burden tool and the OSDI 

tool (32). The symptom burden tool assesses four domains: persistence, intensity, activity, and 

affective interference. The OSDI tool measures persistence, activity interference, and 

environmental triggers. Scores on the OSDI range from 0 to 100 and from 0 to 520 for the 

symptom burden tool. The use of the two tools is complementary. The OSDI is the most 

frequently used survey instrument in DED research for the assessment of ocular surface 

disease and its severity. It has demonstrated discriminant and concurrent validity and been 

shown effective for discriminating people with varying levels of DED (32,43). The symptom 

burden tool is a recent tool that provides a more comprehensive symptom assessment using 

four domains (persistence, intensity, activity, and affective) adapted from chronic diseases with 

pain (95).  

 

5.1.5 Statistical Analysis 

Histograms with the normal curve, Q-Q plots, and the statistical tests for normality were 

used to determine if the data were normally distributed. Demographic data were summarized as 

means + SD and percent distribution. For data representation and clinical interpretation, OSDI 

scores, DED symptom burden questionnaire scores, and BDI scores were summarized as mean 

+ SD. Regression diagnostics (studentized residuals and leverage) were performed to detect 

any outliers and unusual influential data. Scatter plots were generated with fitted lines between 

DED symptoms and depression symptoms. Linear statistical models and polynomial regression 

were run to determine the type of relationship between depressive symptoms and DED 

symptoms.  
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 Independent t-test was performed to determine differences of BDI scores between cases 

and controls. Similarly, independent t-test comparison of DED symptom scores among cases 

diagnosed with depression and those without depression was also performed. Linear regression 

was used to estimate the association between DED symptom continuous scores and BDI 

depression scores. Logistic regression was used for the DED dichotomous outcome and 

depression status as exposure. Unadjusted and adjusted regression analysis was performed. 

Chi-square and Fisher's exact tests were used for categorical variables. Medians were also 

calculated for symptom scoring variables. Statistical significance was set at 0.05. Data were 

analyzed using STATA/SE v12 software.  

 

5.2 Results 

5.2.1 Demographics 

Table V shows the demographic distribution for case and control subjects. Regression 

diagnostics revealed three major outliers that influenced the data. These three cases were 

excluded from the analysis, making the total sample equal to 91 (50 cases and 41 controls). 

Mean age was comparable between the two groups: 52.6 for DED cases and 50.0 for controls 

(P=.43). In total, there were 32 males (16 DED case and 16 controls) and 62 females (37 DED 

cases and 25 controls) (P=.39). The distribution for race was different between White and non-

White. Among DED cases, 58.0% were White 42.0% were non-White; and among controls, 

26.8% were White and 73.2% were non-White (P<.01). Among cases, 38.0% were diagnosed 

with depression diagnosis and 62.0% were not. Among the controls, 17.1% were diagnosed 

with depression and 82.9% were not diagnosed with depression (P=.03). Thirty-six percent of 

cases had depressive symptoms >9 as measured by the BDI and 64.0% has depressive 

symptoms <9. Among the controls, 17.1% had depressive symptoms >9 and 82.93% had 

depressive symptoms <9 (P=.04). Seventy-nine percent of cases diagnosed with depression 
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had documented antidepressant or antianxiety medications in their medical charts, and %21 of 

cases did not have documented antidepressant or antianxiety medication. 

 

TABLE V 
DEMOGRAPHIC CHARACTERISTICS OF CASES AND CONTROLS  

FOR DED AND DEPRESSIVE SYMPTOM ANALYSIS 
 

Variable DED Cases (n=50) 
Mean + SD 

Controls (n=41) 
Mean + SD 

P-Value 

Age 52.6 + 16.23 50.0 + 14.75 0.43 

Gender  
  Male 
  Female 

 
16 (32.0%) 
34 (68.0%) 

 
16 (39.0%) 
25 (61.0%) 

 
0.49 

Race 
  White 
  Non-White 

 
29 (58.0%) 
21 (42.0%) 

 
11 (26.8%) 
30 (73.2%) 

 
<.01 

Depression 
  Yes  
  No 

 
19 (38.0%) 
31 (62.0%) 

 
7   (17.1%) 
34 (82.9%) 

 
0.03 

BDI Depressive symptoms 
>9 
<9 

 
18 (36.0%) 
32 (64.0%) 

 
7 (17.1%) 
34 (82.9%) 

 
0.04 

 

 

 

5.2.2 Dry Eye Disease and Depressive Symptoms Scores 

Figures 6–8 show scatter plots of depression symptoms against OSDI-DED symptoms 

for all subjects (Figure 6), for cases and controls (Figure 7), and further by depression status 

(Figure 8). Regression models revealed that the association was linear more than quadratic or 

cubic. The unadjusted regression coefficient for BDI depressive symptoms was 1.73 (95% CI 

1.01–2.45) for all subjects. This means that with every one unit increase in BDI depression 

score, we expect a 1.73 unit increase in DED symptoms. After adjusting for age, gender, race, 

and psychiatric medication, the regression coefficient was 1.71 (95% CI 1.02, 2.40). Stratified by 

DED status, the regression coefficient for depressive symptoms was 1.11 (95% CI 0.17, 2.04) 

for cases and 0.50 (95% CI -0.05, 1.06) for controls. The adjusted regression coefficient 
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between DED symptoms and depressive symptoms among DED cases was 1.22 (95% CI 0.27, 

2.18).  

 

 

  

Figure 6. Scatter plots for the relationship between depressive symptoms as 
measured by the BDI questionnaire and DED symptoms as measured by the OSDI 
in the entire sample. The unadjusted regression coefficient for BDI depressive 
symptoms was 1.73 (95% CI 1.01–2.45). After adjusting for age, gender, race, and 
psychiatric medication, the regression coefficient was 1.71 (95% CI 1.02, 2.40). 
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Figure 7. Scatter plots for the relationship between depressive symptoms as measured by the 
BDI questionnaire and DED symptoms as measured by the OSDI between DED cases and 
controls. A simple linear regression between DED symptom scores and depressive symptom 
scores revealed a regression coefficient of 1.11 among DED cases and a regression coefficient 
of 0.50. The association was significant for DED cases (95% CI 0.17, 2.04) but not significant 
for controls (95% CI -0.05, 1.06). After controlling for age, gender, race, and psychiatric 
medication, the regression coefficient between DED symptoms and depressive symptoms 
among DED cases was 1.22 (95% CI 0.27, 2.18). 
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Figure 8.  Scatter plots for the relationship between depressive symptoms as measured by the 
BDI questionnaire and DED symptoms as measured by the OSDI between DED cases and 
controls and clinical diagnosis of depression. 
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Table VI lists the means for DED symptom scores and depression scores. The mean 

total OSDI score among DED cases was 34.18 compared to 4.78 among controls (P<.001) and 

the mean total symptom burden questionnaire among DED cases was 16.95 versus 1.07 in 

controls (P<.001) (Table VI). The mean BDI score was 8.44 + 6.07 among DED cases and 4.32 

+ 4.38 in controls (P<.001). Among DED cases that have been diagnosed with depression, the 

mean OSDI scores and symptom burden scores were 37.94 and 19.38 compared to 31.88 and 

15.46 among those without depression. Differences, however, were not statistically significant 

(P=.32 and P=.39). Mean BDI score among DED cases with depression was 9.32 compared to 

7.9 among DED cases with no depression diagnosis. This result was also not statistically 

significant (P=.43). Mean BDI score among controls with depression was 8.71 versus 3.41 

among controls without depression (P=.002). Logistic regression revealed an OR of 2.86 (95% 

CI 1.04, 7.87) for the association between DED and diagnosis of depression after controlling for 

age, gender, and race. Unadjusted logistic regression between DED status and BDI clinical 

category of >9 revealed an OR of 2.73, 95% CI (1.0–7.4). Adjusted logistic regression revealed 

an OR of 2.79, 95% CI (0.96–8.12). This means that cases are 2.79 times more likely to report 

depressive symptoms of >9 than controls, after adjusting for age, gender, race, and psychiatric 

medication.  

TABLE VI  
DED AND DEPRESSIVE MEAN SYMPTOM SCORES 

 

Measure DED Cases (n=50) 
Mean + SD 

Controls (n=41) 
Mean + SD 

P-Value 

OSDI 
  Persistence 
  Activity 
  Environmental 
  Total Score 

 
6.14 + 4.49 
4.22 + 3.35 
4.46 + 3.36 
34.18 + 20.71 

 
1.29 + 2.87 
0.51 + 1.19 
0.83 + 2.12 
4.78 + 1.22 

 
<.001 
<.001 
<.001 
<.001 

Symptom Burden 
  Persistence  
  Intensity 
  Activity 
  Affective 
  Total Score 

 
1.97 + 1.10 
6.98 + 5.47 
1.45 + 1.10 
1.07 + 1.13 
16.95 + 15.41 

 
0.22 + 0.40 
1.10 + 1.91 
0.15 + 0.37 
0.04 + 0.15 
1.07 + 2.38 

 
<.001 
<.001 
<.001 
<.001 
<.001 

BDI  8.44 + 6.07 4.32 + 4.38 <.001 
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5.3 Discussion 

This case-control study revealed three main findings: (i) a linear association between 

DED symptoms and depressive symptoms, which is more apparent among DED cases; (ii) DED 

cases with depression have higher DED symptom scores than DED cases without depression; 

and (iii) clinical diagnosis of DED is associated with depression status and marginally 

associated with depressive symptoms, after controlling for age, gender, race, and psychiatric 

medication. These findings support the hypothesis regarding an association between DED and 

depressive symptoms. However, the mechanisms that underlie the association between 

depression, depressive symptoms, DED, and DED symptoms are unclear. We do not know 

whether DED and its symptoms are causing depression through chronic pain and the negative 

impact on daily activities, whether depression and its medication is causing DED, or is the 

relationship due to some other unmeasured factor causing both.  

 Several population-based studies have reported on the association between DED and 

depression (3,4,97). The strength of these studies lies in their representative samples and large 

sample sizes. However, the symptomatic assessment of both DED and depression was lacking. 

Additionally, these population studies were not hypothesis-based and relied on ICD-9 codes for 

ascertaining cases. Two population-based retrospective studies in the United States Veterans 

Affairs population in Miami reported high prevalence of depression in subjects with DED. In the 

first study, 17% of patients with a diagnosis of depression had DED as opposed to 10% without 

this diagnosis (3). In the second study, 24% of patients with a diagnosis of depression had DED 

as opposed to 18% without this diagnosis (4). The reported adjusted ORs for depression in both 

studies were comparable, 1.91 and 1.92 respectively (3,4).  

 We reported an adjusted association between clinical diagnosis of DED and depression 

status of 2.86 in our study. This is comparable to other studies reporting on the association 

between depression and DED. In a population-based cross-sectional study of 657 Korean 

elders >65 years of age randomly selected from an official household registration database in 
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Yongin, Korea, Kim et al. investigated the association between DED and depression and sought 

to evaluate the impact of comorbid depression on the agreement of DED signs and symptoms 

(2). Symptoms of DED were assessed using the 6-item dry eye questionnaire, and depressive 

symptoms were assessed using the Korean version of the Short Geriatric Depression Scale. 

Depression was more prevalent in patients with DED (33.3% versus 18.1%). Adjusted analyses 

revealed depression as an independent risk factor for DED (OR 3.08; 95% CI 1.93–4.93). The 

authors of this study listed several limitations including the lack of assessment of medication, 

the cross-sectional nature of the study, and the severity of DED was assessed using the dry eye 

questionnaire. Subjective symptoms may be better quantified using tools including the visual 

analog scale and the ocular surface disease index score, especially when using symptom-

based diagnostic criteria for DED (2,32,43).  

In another recent population-based case-control study in Taiwan, Wang et al. 

investigated the comorbidities of DED (34). They used a nationwide subset database released 

by the NHRI in 2006. The program to create the database covered 22 million enrollees, 

representing more than 98% of the island’s population. The NHRI used a systematic, random 

sampling method to extract 5% of the enrollees (n=1,073,891). The DED cases consisted of 

12,007 patients (after excluding patients under 18 years of age) who sought ambulatory care 

with a principal diagnosis of DED and 36,021 randomly selected controls. The prevalence of 

psychiatrically diagnosed depression was higher in patients with DED (7.20% versus 3.55%) 

and the adjusted OR reported was 2.11 (95% CI 1.93–2.31) (34). ICD-9 CM codes were used 

for the diagnosis of DED and depression but the symptoms were not assessed. Additionally, 

depression was included among other comorbidities such as heart disease, SLE, asthma, 

pulmonary circulation disorders, diabetes, liver diseases, and solid tumors and metastasis. A 

more recent retrospective case-control study performed at the University of North Carolina 

outpatient clinics, reported an adjusted OR for DED and anxiety of 2.8 and an adjusted OR for 
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DED and depression of 2.9. Outcome and exposure variables were also assessed using ICD-9 

diagnosis codes (97).   

In this study, we recruited patients from our DED clinic and assessed the symptoms of 

both DED and depression using validated questionnaires. Additionally, depression status was 

determined as a composite variable through chart review as "ever having depression" through 

medical and psychological history and/or through current prescribed medications or any history 

of prescribed medication. Seventy-seven percent of cases diagnosed with depression were 

actively on antidepressant or antipsychotic medications at the time of questionnaire 

administration, and 23% either had some history of depression or were prescribed 

antidepressant medication. This allowed us to control for psychiatric medication in our analysis 

between depressive symptoms and DED symptoms. Due to the possibility of underrecording of 

medication use in charts, we also analyzed the data according to depression status and the 

interpretability of our results was the same. We also showed that depressive symptom scores 

among DED patients do not vary between depressed and not-depressed patients. This means 

that patients with DED exhibit depressive symptoms regardless of depression status.  

There are several limitations to our study. First the sample size is not large to make 

definite conclusions and our results cannot be generalized to the general population. 

Additionally, our medication assessment for depression is not complete; while current use was 

used to determine depression status, we did not determine the frequency of medication, 

dosage, and the various types of medication. These medications may have different effects on 

symptoms at the time of questionnaire administration. This may have impacted our results, 

where patient symptoms may have varied with different medications. Similarly, this applies to 

our assessment of DED symptoms without assessing aggressiveness of treatment. Additionally, 

we did not control for other comorbidities that may be related to both DED and depression. This 

study also lacked information on the socioeconomic and insurance statuses of the patients. 
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Despite our limitations, this study provides further evidence regarding the association 

between DED and depression and their symptoms. Prospective studies that account for 

medication usage, comorbodities, and socioeconomic status are needed to understand the 

mechanisms underlying the association between symptoms of depression and symptoms of 

DED. 
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6. STUDY 3 
SINGLE NUCLEOTIDE POLYMORPHISMS IN THE BRAIN DERIVED NEUROTROPHIC 

FACTOR, VITAMIN-D RECEPTOR, AND DEOXYRIBONUCLEASE 1 GENES  
IN DRY EYE DISEASE PATIENTS: A CASE-CONTROL STUDY3 

 

Dry Eye Disease is a complex multifactorial common phenotype resulting from 

interactions of genetic and nongenetic factors, with prevalence in adult populations ranging from 

5% to more than 35% at various ages (1). Despite this high prevalence, the causes of DED are 

not understood. Common symptoms of DED patients include pain, irritation, itching, burning, 

and grittiness. The clinical research is complicated by the lack of correlation between symptoms 

and clinical signs. Epidemiologic studies have identified numerous exposures—including 

medication use, hormonal changes, environmental exposures, and neural alterations—to be 

associated with DED and its symptoms. Additionally, recent studies have reported an 

association between depression and DED (2–5,96,97) post-traumatic stress disorder and dry 

eye (4), and anxiety and dry eye (5, 97). Contrary to the identification of lifestyle factors, genetic 

factors contributing to the pathogenesis of DED have yet to be elucidated.   

 Studies have shown that genes have a contributory role in DED. Vehof et al. have 

demonstrated in a cohort of British middle-aged and elderly female twins that there is a 

heritability of 40% for a DED diagnosis, and a varying heritability of 25% to 80% for DED (6). 

The DED gene studies have included some small candidate gene studies and some genome-

wide association studies on Sjögren’s syndrome (99,100). The candidate gene studies have 

identified polymorphisms in interleukin proinflammatory cytokine genes (101), and killer cell 

immunoglobulin-like receptor and human leukocyte antigen-C (102). However, results have not 

been replicated. In a review, Burbelo et al. summarized the genetic findings from genome-wide 

association studies associated with Sjögren’s and described the disease relevance of newly 

                                                 
3
 Preliminary data for this study were accepted as an abstract and presented as a poster at the 2014 Association for 

Research in Vision and Ophthalmology meeting 
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identified genes and their corresponding pathways (99). More than 15 robust susceptibility loci 

have now been associated with Sjögren’s. Many of these risk genes play important roles in 

immune activity and many are often shared with SLE (99). Despite these findings, the 

associations have been weak. One explanation is that possible interaction with other factors 

may be important for triggering DED. Studies are needed to evaluate other hypothesized genes, 

especially between the association of DED and mental health as this association has a major 

effect on treatment decisions. The mechanism by which DED and psychiatric disorders, such as 

depression, are correlated has yet to be determined. Looking at specific polymorphisms may 

shed light on identifying biological underpinnings between DED and depression. This 

hypothesis-based gene study looked at the BDNF, VDR, and DNASE 1 genes. The hypothesis 

was generated to cover the three main gland/tissues of DED: trigeminal ganglion (BDNF), main 

accessory and lacrimal gland (DNASE1), and meibomian gland (VDR). 

 Brain derived neurotrophic factor is a member of the neurotrophin family and is widely 

expressed throughout the central nervous system (103). Serum levels of BDNF have been 

shown to be higher in patients with primary Sjögren's syndrome as compared to controls (104). 

Additionally, findings from studies support a complex and functional role of BDNF in depression 

and antidepressant action (105,106). The DNASE1 gene and the VDR gene are also included in 

our study as they are hypothesized to play roles in the pathogenesis of diseases that are 

associated with DED and depression. Studies have shown that DNASE 1 is associated with 

SLE (79,107). We have shown that eDNA production and clearance mechanisms are 

dysregulated in DED (8). In patients with severe DED, tear fluid nuclease deficiency allows 

eDNA, neutrophils, and neutrophil extracellular traps to accumulate in the precorneal tear film 

and cause ocular surface inflammation. Therefore, it is reasonable to explore SNPs in the 

DNASE1 gene that may be involved in the pathogenesis of DED and depression. Also, VDR 

gene SNPs have been investigated in the risk of SLE (80), and as with similar autoimmune 

diseases, SLE has been associated with both depression and DED (81,108).  
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 The purpose of this case-control study was to identify SNPs in the BDNF, VDR, and 

DNASE 1 genes that may be associated with DED. We also determined the association and 

interaction between SNPs and depression. Identifying these SNPs will allow us to examine a 

common biological mechanism between DED and depression and will move us a step closer to 

making more informed treatment decisions. 

 

6.1 Methods 

6.1.1 Study Overview 

Study approval was obtained from the Institutional Review Board of the University of 

Illinois at Chicago. Subjects were enrolled and written informed consent was obtained from all 

patients after the nature and possible consequences of research were explained. Research was 

conducted in accordance with the requirements of the Health Insurance Portability and 

Accountability Act and tenets of the Declaration of Helsinki. Saliva was collected from eligible 

DED patients (cases) and non-DED patients (controls). Sociodemographic data and 

psychological and medication history were obtained by chart review. All subjects included in our 

study were >18 years of age. 

 

6.1.2 Study Population 

Sixty-four patients were recruited from our Dry Eye Clinic at the Department of 

Ophthalmology and Visual Sciences, University of Illinois at Chicago. The DED sample included 

established patients of DED who visited our clinic between November 2012 and June 2014. The 

diagnostic criteria were: (i) a reporting of symptoms: burning sensation, irritation, grittiness or 

foreign body sensation, light sensitivity, pain, dryness, soreness, or discomfort in the eye; (ii) a 

Schirmer value of <10 mm/5 min in either eye using Whatman filter strips #41 (Haag-Streit, 

Essex, UK) ; or (iii) positive corneal staining and/or Rose Bengal corneal and conjunctival 

staining of >1.   
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 Fifty-one control patients who visited our general eye clinic with refraction-related 

complaints were recruited to the study. The inclusion criteria included no significant symptoms 

of DED, a Schirmer value of >10 mm/5 min, and no corneal staining. None of the control 

subjects enrolled were using tear supplements. 

 

6.1.3 Selection of Polymorphisms 

The SNPs were selected from the BDNF, VDR, and DNASE 1 genes. The BDNF gene is 

located on human chromosome 11 (11p13) and contains 11 exons. This gene may play a role in 

stress response and mood disorders (109). Multiple transcript variants encoding distinct 

isoforms have been described for this gene. Decreased BDNF levels in humans have been 

associated with the met allele of BDNF Val66Met polymorphism (rs6265). Identified in codon 66 

of the BDNF gene, this SNP causes the substitution of methionine (Met) for valine (Val) 

(Val66Met). This specific SNP (Rs6265) was included in our study. 

The VDR is located on human chromosome 12 (12q13.11) and contains 11 exons. 

Several studies have demonstrated the role of VDR SNPs in the development of SLE and its 

clinical manifestations, which includes DED. The presence of the VDR FokI (rs2228570), BsmI 

(rs1544410), ApaI (rs7975232) and TaqI (rs731236) SNPs have been investigated in the 

association with SLE and other autoimmune diseases (110). These same four SNPs were 

included in our study. 

The DNASE 1 gene is located on human chromosome 16 (16p13.3) and contains 14 

exons. This gene encodes a member of the DNase family. At least six autosomal codominant 

alleles have been characterized. Mutations in this gene have been associated with SLE, an 

autoimmune disease (111). The following seven SNPs from the DNASE 1 gene were included 

for analysis: rs8176927, rs34923865, rs8176919, rs1799891, rs1053874, rs8176920, and 

rs34186031. 
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6.1.4 Saliva and Genotyping  

A saliva sample of 2 ml was collected, following a routine eye exam, in a saliva collection 

kit (Oragene Sample DNA collection kit) and transported to the laboratory. The kit is pretreated 

for DNA stabilization, extraction, and purification. In brief, saliva samples were incubated 

overnight at 50°C to release cellular DNA and to inactivate nucleases. Samples were then 

incubated with Oragene-Purifier and centrifuged to precipitate and pellet various impurities from 

the sample. The aqueous phase was then transferred to fresh tubes. The DNA present in the 

aqueous phase was precipitated using 95%–100% ethanol and pelleted. Supernatant was 

removed and the DNA pellet was washed using 70% ethanol. After ethanol wash, the DNA 

pellet was air-dried to remove residual ethanol and then resuspended in TE Buffer and stored 

long term at -20°C. Nucleic acid concentration was determined using NanoDrop.  

Following DNA extraction, the samples were sent to the Duke Molecular Physiology 

Institute. They were diluted to 1ng/ul using UltraPure™ DNase/RNase-Free Distilled Water (Life 

Technologies, Grand Island, New York), and then 3 ng of each sample were transferred to a 

384 well plate using an epMotion 5075 TMX automated pipetting system (Eppendorf North 

America, Hauppauge, NY). 

Genotyping was performed using both custom and predesigned TaqMan® SNP 

Genotyping Assays (Life Technologies, Grand Island, New York) for the 12 SNPs. Table III lists 

the SNPs and their primers. The PCR was performed according to manufacturer protocols on 3 

ng of genomic DNA in 5 µl reaction volumes, using the GeneAmp® 9700 Dual 384-Well PCR 

system (Life Technologies, Grand Island, NY) and subsequently scanned on a ViiA™ 7 Real-

Time PCR System (Life Technologies, Grand Island, NY). Data were assessed on, and 

exported from, ViiA 7 RUO Software v1.2.1. The CEPH samples (NIGMS Repository, Coriell 

Institute for Medical Research, Camden, NJ), study sample replicates, and NTCs were used for 

QC. The QC replicates were required to match 100%, and NTCs were required to have no 

amplification. 
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6.1.5 Sociodemographic Variables and Assessment of Depression  

Demographic data (date of birth, gender, race) were collected from medical records of 

cases and controls. Depression (yes/no) was assessed through medical chart review of any 

diagnosed history of clinical depression and ever being prescribed anti-depressants.  

 

6.1.6 Statistical Analysis 

The SNPs were tested for HWE using χ2-test. Any SNPs that deviated from HWE 

(P<.05) were excluded from further analysis. Genotype and allele frequencies of cases and 

controls were evaluated. The trend P-value for additive effects was determined for genotypes, 

and the allele frequencies were evaluated using chi-square. Odds ratios and 95% CIs were also 

calculated for allele frequencies. Logistic regression was also performed to determine the 

association between SNPs and DED. Stratified analysis was performed to determine if the 

association between SNPs and DED varied by depression status. All analyses were performed 

using PLINK 1.07 (http://pngu.mgh.harvard.edu/~purcell/plink/index.shtml), and STATA SE 12.0 

(StataCorp LP., College Station, Texas) software.  

 

6.2 Results 

6.2.1 Demographics 

Table VII shows the demographic distribution for patients and control subjects. Mean 

age was 54.6 in cases compared to 46.8 in controls and was statistically significantly different 

using independent t-test (P=.01). The proportion of females as compared to males was much 

higher among the DED cases than the controls (78.1% females versus 21.9% males among 

cases and 54.9% versus 45.1% among controls, P=.01). Among DED, 42.2% were diagnosed 

with depression and 57.8% did not have a depression diagnosis. Among controls, only 11.8% 

were diagnosed with depression and 88.2% did not have a diagnosis of depression (P<.001). 

http://pngu.mgh.harvard.edu/~purcell/plink/index.shtml
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TABLE VII 
 

DEMOGRAPHIC CHARACTERISTICS OF CASES AND CONTROLS  
FOR SNPS IN DED 

 
Variables Dry Eye cases N=64 n(%)  Controls N=51 n(%) P-value* 

Mean Age in years 54.56 + 15.48 46.75 + 15.48 P=.01 

Gender  
  Male 
  Female 

 
14 (21.9%) 
50 (78.1%) 

 
23 (45.1%) 
28 (54.9%) 

 
P=.01 

Race 
  White 
  Non-White 

 
28 (43.8%) 
36 (56.3%) 

 
15 (29.4%) 
36 (70.6%) 

 
P=.11 

Depression 
  Yes  
  No 

 
27 (42.2%) 
37 (57.8%) 

 
6   (11.8%) 
45 (88.2%) 

 
P<.001 

*Chi-square test for categorical variables, Fisher's exact test p-value when cell size <50, and student’s t-
test for continuous variables 

 

 

 

6.2.2 Association of Polymorphisms with Dry Eye Disease 

Following genotyping, 6 SNPs (rs8176927, rs34923865, rs8176919, rs1799891, 

rs8176920, and rs34186031) in the DNASE1 gene were excluded from the analysis as they did 

not show any variability (results were either all homogeneous or all heterogeneous) in cases or 

controls. The remaining 6 SNPs were analyzed. Allelic frequencies were calculated and their 

genotypic distributions tested for HWE. No significant deviations were detected at 0.05. Table 

VIII shows the allelic and genotypic distributions between cases and controls. The Rs6265 in 

the BDNF gene was the most significant, where the number of the minor allele A was higher in 

cases compared to controls (22 versus 9). Cases were 2.22 times more likely to have the minor 

allele A in SNP rs6265 as compared to the controls (P=.05; 95% CI 0.97–5.08) (Table VIII). 

Genotypes GA and AA were higher in cases as compared to controls, 29.5% and 3.3% among 

the cases, and 18.0% and 0.0% among controls, respectively. The trend P-value was 0.05.  

Rs2228570 and rs7975232 in the VDR gene also showed different distributions between cases 
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and controls but this difference were also marginally significant. Cases were 1.72 times more 

likely to have the minor allele A for rs2228570 compared to controls (P=.06; 95% CI 0.98–3.01), 

and cases were 1.66 times more likely to have the minor allele C for rs7975232 compared to 

controls (P=.06; 95% CI 0.97–2.84) (Table VIII). Genotype AA for rs2228570 was higher in 

cases as compared to controls, 24.6% among cases and 12.0% among controls. The trend P-

value was 0.08. Genotype CC for rs7975232 was higher in cases as compared to controls, 

28.3% among cases and 14.0% among controls. The trend P-value of 0.064. After adjusting for 

age, gender, race, and depression status, cases were 1.62 times more likely to have the GA or 

AA genotype compared to controls. This OR, however, was not significant (95% CI 0.59–4.45). 
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Table VIII 
GENOTYPE AND ALLELE DISTRIBUTION BETWEEN CASES AND CONTROLS 

 
SNP Chr Gene Allele Cases n(%) Controls n(%) P  OR 95% CI 

rs6265 
 
Position 27658369 

11 BDNF GG 
GA  
AA 
 
A  
G 

41 (67%) 
18 (30%) 
2 (3%) 
 
22 (18%) 
100 (82%) 

41 (82%) 
9 (18%) 
0 (0%) 
 
9 (9%) 
91 (91%) 

0.05* 
 
 
 
0.05** 

 
 
 
 
2.22 

 
 
 
 
0.97–
5.08 

rs2228570 
 
Position 47879112 

12 VDR GG 
GA  
AA 
 
A  
G 

20 (35%) 
23 (40%) 
14 (25%) 
 
51 (45%) 
63 (55%) 

24 (48%) 
20 (40%) 
6 (12%) 
 
32 (32%) 
68 (68%) 

0.08* 
 
 
 
0.06** 

 
 
 
 
1.72 

 
 
 
 
0.98–
3.01 

rs1544410 
 
Position 47846052 

12 VDR GG 
GA  
AA 
 
A  
G 

28 (49%) 
27 (47%) 
2 (4%) 
 
31 (27%) 
83 (73%) 

20 (40%) 
27 (54%) 
3 (6%) 
 
33 (33%) 
67 (67%) 

0.30* 
 
 
 
0.35** 

 
 
 
 
0.76 

 
 
 
 
0.42–
1.36 

rs7975232 
 
Position 47845054 

12 VDR AA 
AC 
CC 
 
C  
A 

14 (23%) 
29 (48%) 
17 (28%) 
 
63 (53%) 
57 (48%) 

17 (34%) 
26 (52%) 
7 (14%) 
 
40 (40%) 
60 (60%) 

0.06* 
 
 
 
0.06** 

 
 
 
 
1.66 

 
 
 
 
0.97–
2.84 

rs731236 
 
Position 47844974 

12 VDR AA 
AG 
GG 
 
G  
A 

31 (51%) 
25 (41%) 
5 (8%) 
 
35 (29%) 
87 (71%) 

20 (40%) 
22 (44%) 
8 (16%) 
 
38 (38%) 
62 (62%) 

0.15* 
 
 
 
0.14** 

 
 
 
 
0.66 

 
 
 
 
0.37–
1.15 

rs1053874 
 
Position 3657746 

16 DNASE1 GG 
GA  
AA 
 
A  
G 

23 (37%) 
30 (48%) 
9 (15%) 
 
48 (39%) 
76 (61%) 

17 (34%) 
20 (40%) 
13 (26%) 
 
46 (46%) 
54 (54%) 

0.29* 
 
 
 
0.27** 

 
 
 
 
0.74 
 

 
 
 
 
0.43-1.27 

*P-value: Trend; **P-value: Allelic distribution; OR and 95% CI is for the allelic distribution 
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6.2.3 Association of Polymorphisms with Depression and Stratified Analysis 

The distribution of SNPs with depression is shown in Table IX. Depression and its 

interaction with the SNPs was mainly apparent for rs6265, where rs6265 (Val66Met) in the 

BDNF gene varied by depression status. Among patients diagnosed with depression, 38.7% 

had the GA genotype, whereas among patients with no depression 18.8% had the GA 

genotype. Logistic regression between depression and Rs6265 revealed an OR of 2.34 (P=.06 

and 95% CI 0.95–5.75). This means that patients diagnosed with depression were 2.34 times 

more likely to have the GA or AA genotype compared to controls. Stratified analysis of the 

association between DED and rs6265 by depression showed that among the depressed group 

the OR was 3.93 compared to 1.45 among the non-depressed group (Tables X and XI).  
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TABLE IX 
DISTRIBUTION OF SNPS WITH DEPRESSION 

 
SNPs Depression  No Depression P*  

BDNF rs6265  
  AA 
  GA 
  GG 

 
0   (0.0%) 
12 (38.7%) 
19 (61.3%) 

 
2   (2.5%) 
15 (18.8%) 
63 (78.8%) 

 
0.07 

VDR rs2228570 
  AA 
  GA 
  GG 

 
7   (23.3%) 
13 (43.3%) 
10 (33.3%) 

 
13 (16.9%) 
30 (39.0%) 
34 (44.2%) 

 
0.55 

VDR rs7975232  
  CC 
  AC 
  AA 

 
8   (27.6%) 
14 (48.3%) 
7   (24.1%)  

 
16 (19.8%) 
41 (50.6%) 
24 (29.6%) 

 
0.65 

*P-value: chi-square 

 
 

TABLE X 
DED AND RS6265 AMONG PATIENTS WITH DEPRESSION 

 
Depression Yes DED cases  Controls Total 

rs6265 A 11 (44.0%) 1 (16.7%) 12 (38.7%) 

rs6265 G 14 (56.0%) 5 (83.3%) 19 (61.3%) 

Total 25 (100.0%) 6 (100.0%) 31 (100.0%) 

OR=3.93 [95% CI: 0.35–202.4] 
 

TABLE XI 

DED AND RS6265 AMONG PATIENTS WITHOUT DEPRESSION 
 

Depression No DED cases  controls Total 

rs6265 A 9 (25.0%) 8 (18.2%) 17 (100.0%) 

rs6265 G 27 (75.0%) 36 (81.2%) 63 (100.0%) 

Total 36 (100.0%) 44 (100.0%) 80 (100.0%) 

OR=1.5 [95% CI: 0.45–5.1] 

 

  



74 
 

 

6.3 Discussion 

This study revealed two main findings. Val66Met (rs6265) in the BDNF gene and two 

SNPs, Fokl (rs2228570) and Apal (rs7975232), in the VDR gene may potentially be associated 

with DED. Additionally, the association between DED and rs6265 (Val66Met) varies by 

depression status. Together DED and depression are characterized as environmental and 

psychosomatic stress-related diseases. This study cannot make definite conclusions given its 

limited sample size; however, these results shed light on a possible common biological link that 

may explain the association between DED and depression. Further, it is important to further 

understand this association along the duration and prognosis of DED.  

 There are three main types of DED that patients present with: (i) tear-deficient DED 

stemming from Sjögren's, autoimmune diseases, and keratoconjunctivitis sicca; (ii) evaporative 

DED, which mainly stems from meibomian gland dysfunction as can be seen in patients with 

rosacea, and (iii) mixed DED as seen in GVHD patients. The active form of vitamin D may play 

a role in evaporative DED through two potential mechanisms. The first relates to cathelicidin. 

Cathelicidin micropeptides are overexpressed in patients with rosacea that presents as ocular 

rosacea and evaporative DED (112). The identification of the cationic antimicrobial peptide 

cathelicidin as a vitamin D target gene (113) created a previously unknown and unexpected link 

between innate immunity and the vitamin D system. The second mechanism relates to 

androgen. Androgen receptors are located in the lacrimal and meibomian glands. It has been 

shown that in meibomian gland dysfunction, a deficiency in androgens results in loss of the lipid 

layer, specifically triglycerides, cholesterol, and monounsaturated essential fatty acids 

exacerbating DED. Vitamin D receptor polymorphisms BsmI, ApaI and TaqI, wild variants of the 

VDR gene, were associated with lower vitamin D levels (114), which in turn affect levels of 

androgen. In addition, there is evidence that VDR is also expressed in the brains of several 

species during development (115). We have found that VDR Fokl and Apal SNPs are more 
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common among patients with DED. Larger prospective studies are needed to look at VDR gene 

variants to further discover their potential operative mechanisms.   

In addition to the VDR SNPs, we found that Val66Met, an SNP in the BDNF gene, is 

associated with DED and with depression. The proposed mechanism for BDNF in DED is that 

chronic DED causes ocular discomfort sensations and corneal inflammation that induce 

expression of BDNF in the trigeminal ganglion and a phenotypic shift in the expression of BDNF 

from small diameter C-type nociceptor neurons to large diameter A-alpha/A-beta type non-

nociceptive neurons. This phenotypic shift is the “injury switch” that leads to corneal allodynia 

and hyperalgesia.  

Additionally, Val66Met is a BDNF prodomain SNP resulting in a valine-to-methionine 

substitution that has been shown to be associated with depressive disorder and depression-

related phenotypes (66–69). In this study, we have found that patients with depression are more 

likely to have DED; additionally patients with Val66Met and depression are more likely to have 

DED than patients with Val66Met alone. Temporality between DED and depression has not 

been established. We are not sure whether DED causes depression or whether depression 

causes DED. Does SNP Val66Met predispose individuals to DED which may lead to 

depression? Or Does SNP Val66Met predispose individuals to depression which may lead to 

DED? 

This study has several limitations. The first is the low sample size, which limited our 

ability to detect differences with statistical certainty. For this pilot study, we enrolled the 

maximum and feasible number of patients from one center, supported by the budget. Second, 

the case-control design of this study limited our interpretation regarding temporality between 

DED and depression. Additionally, the duration of DED was difficult to delineate. While our 

inclusion criteria included new and established patients, most of our patients are established 

and the patients who were new to the clinic were either previously diagnosed with DED at an 

alternative clinic, or have been suffering from symptoms for some time. Further, results from this 
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study cannot be generalized. This was not a population-based study. Most of our patients were 

referral patients who were characterized as having the most difficult and complicated prognosis. 

This limited our ability to apply some of our findings to the entire spectrum of DED patients. 

 Despite these limitations, the findings from our study lay the foundation for larger genetic 

cohort studies studying the biological link between DED and depression. These studies will help 

identify temporality and the interplay of all factors involved in the pathogenesis of DED, 

ultimately improving treatment decisions.
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7. STUDY 4  
FOLLOW-UP OF SYMPTOMS IN DRY EYE DISEASE PATIENTS  

AND THE POTENTIAL ROLE OF VAL66MET SNP 
 

The diagnosis, prognosis, and treatment of DED are heavily based on symptoms and 

the patient perception of those symptoms. Treatment efficacy varies widely among DED 

patients. One potential explanation is that DED patients may be genetically predisposed to 

varying treatment responses and to different pain perceptions.   

 Single nucleotide polymorphisms have been used as markers for treatment response in 

chronic disease such as cancer and response to radiotherapy (116), antidepressant treatment, 

antihypertensive treatment (117), and chronic HCV-infection (118). Studies have also looked at 

the association between polymorphisms and the biological response to drugs for autoimmune 

diseases (119–121). Marquez et al. studied whether rs6822844 G/T polymorphism at the IL2–

IL21 region contributes to the observed variation in response to rituximab in patients with SLE 

(119). They showed that rs6822844 seems to play a role in response to treatment in SLE 

patients. Given that BDNF is associated with depressive mood disorders (122) and that 

depression has been shown to be associated with DED (96,97), we hypothesize that 

polymorphisms in the BDNF may predispose individuals to increased sensitivity to pain and 

DED symptoms.   

 Findings from studies support a complex and functional role of BDNF in depression and 

antidepressant action. Val66Met (rs6265) is an SNP in the BDNF gene. Not only has it been 

shown to be associated with depression, it has also been studied in treatment response and 

treatment resistance in antidepressant and antipsychotic treatment (123,124). Yu et al. 

discovered that desipramine but not fluoxetine has antidepressant effects on BDNF (+/Met) 

mice, suggesting that specific classes of antidepressant may be a more effective treatment 
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option for depressive symptoms in humans with Val66Met (123). More recently, a study by El-

Hage et al. highlighted a significant association between Val66Met and the treatment response 

in severely depressed patients (125). We have found that Val66Met is associated with DED and 

with depression (chapter 6).  

 The purpose of this study was to investigate the symptoms of DED over time following 

treatment at our clinic and examine whether symptoms varied by Val66Met genotype status. 

This study will allow us to identify individuals who may not benefit from standard DED treatment 

due to the presence of SNPs. This may bring us a step closer to establishing targeted 

personalized treatments to susceptible individuals.  

 

7.1 Methods 

Study approval was obtained from the Institutional Review Board of the University of 

Illinois at Chicago. Subjects were enrolled and written informed consent was obtained from all 

patients after the nature and possible consequences of research were explained. Research was 

conducted in accordance with the requirements of the Health Insurance Portability and 

Accountability Act and tenets of the Declaration of Helsinki. Saliva was collected from eligible 

DED patients at the baseline visit and DED symptom questionnaires were administered at 

subsequent visits. All subjects included in our study were >18 years of age. 

 

7.1.1 Selection of Study Population 

A sample from a larger set of 64 DED patients was selected. These patients were mainly 

established patients who either have been attending the clinic prior to initiation of the study, 

have been diagnosed with DED in a previous clinic during the study and again in our clinic, or 

have been suffering from DED symptoms and using over-the-counter drugs. The intent was to 

select 50% of patients included in this larger DED study looking at SNPs. Taking into 

consideration that some of these patients may be lost to follow-up, a simple random sample of 
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thirty-six patients was performed. These patients were recruited from our Dry Eye Clinic at the 

Department of Ophthalmology and Visual Sciences, University of Illinois at Chicago. They 

visited our clinic between November 2012 and December 2014. The diagnostic criteria used for 

DED based on the criteria developed in DEWS included: (i) a reporting of symptoms: burning 

sensation, irritation, grittiness or foreign body sensation, light sensitivity, pain, dryness, 

soreness, or discomfort in the eye; (ii) a Schirmer value of <10 mm/5 min in either eye using 

Whatman filter strips #41 (Haag-Streit, Essex, UK); or (iii) positive corneal staining and/or Rose 

Bengal corneal and conjunctival staining of >1.   

 First administration of DED symptom questions was considered the baseline time point. 

Patients were then followed up over time between November 2012 and June 2014 for clinical 

and symptom assessment. Patients were asked to rate their symptoms on a scale of 0 to 4 

related to: dryness, irritation, light sensitivity, and pain at baseline and at their follow-up. 

Additionally, during each follow-up, patients were asked about their symptom experience as 

follows: (i) no change; (ii) 25% better; (iii) 50% better; (iv) 75% better; or (v) worse. Prescribed 

DED treatments for each patient were also collected. We scored each treatment option as either 

1 point or 2 points as follows: artificial tears (1 point); Restasis (1 point); 

doxycycline/erythromycin eye ointment (1 point); steroids (2 points); therapeutic contact lens 

use (2 points). Points were summed, ranging from 0 to 7 and were compared with genotype 

status. Patients were followed up for a minimum of 6 months as at requires a minimum of 6 

months for treatment efficacy and patient response. For this analysis, the last follow-up time for 

each patient was selected for analysis. 

 Sociodemographic data and depression status were determined from the medical charts. 

Depression status was determined as a composite variable. The variable was determined as 

"ever having depression" through medical and psychological history and/or through any history 

of prescribed medications specific to depression.  
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7.1.2 Saliva and Genotyping  

As mentioned in the larger case-control study (the previous chapter), 2 ml of saliva were 

collected in a saliva collection kit (Oragene Sample DNA collection kit) and transported to the 

laboratory for extraction. Samples were then sent to the Duke Molecular Physiology Institute for 

genotyping. The following Primer was used for genotyping for rs6265 (Primer 

ACTCTGGAGAGCGTGAATGG).  

 

7.1.3 Statistical Analysis 

Histograms with the normal curve, Q-Q plots, and the statistical tests for normality were 

used to determine if the data were normally distributed. Demographic data were summarized as 

means + SD and percent distribution. Mean and median baseline scores and follow-up scores 

were generated. Baseline symptom scores were calculated and compared with scores from the 

last follow-up time point for each patient using a paired t-test. To test our hypothesis, we 

stratified change in symptom score by phenotype. Given that data from some of our patients 

were incomplete and that some were lost to follow-up, we compared baseline characteristics of 

those who were included in the follow-up analysis and those who were not (missing).  

 

7.2 Results 

Table XII shows the demographics for the 36 DED patients. Mean age was 53 years + 

15.7. Twenty-five percent were males and 75% were females. Forty-seven percent were Whites 

and 53% were non-Whites. Forty-two percent were clinically diagnosed with depression. The 

genotype distribution for Val66Met was 0.1% for AA, 30.6% for GA, and 63.9% for GG.  
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TABLE XII 
DEMOGRAPHIC CHARACTERISTICS 

 
Variable DED Patients (n=36) 

Age 53.1 + 15.7 

Gender  
  Male 
  Female 

 
9   (25.0%) 
27 (75.0%) 

Race 
  White 
  Non-White 

 
17 (47.2%) 
19 (52.8%) 

Depression 
  Yes  
  No 

 
15 (41.7%) 
21 (58.3%) 

Val66Met BDNF 
A/A 
G/A 
G/G 

 
2   (0.1%) 
11 (30.6%) 
23 (63.9%) 

 

 

 

7.2.1 Dry Eye Disease Baseline and Follow-Up Symptom Scores  

For this pilot study we enrolled the maximum feasible number of patients supported 

under our budget. Despite the recruitment of 36 patients, complete follow-up data after initial 

assessment were only available for 21 patients. The scores for these patients were not normally 

distributed. While medians were generated and compared, we calculated and compared means 

for clinical relevance and interpretability. The average mean follow-up of those patients was 

15.52 + 8.4 months and the median follow-up was 20.3 months. Table XIII shows the average 

symptom scores of dryness, irritation, light sensitivity, and pain at baseline and average of last 

follow-up time point for all 36 patients. Baseline DED symptom scores and genotype distribution 

between patients with and without complete data were comparable and not statistically 

significantly different (Table XIV).  
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TABLE XIII 
DED BASELINE AND AVERAGE LAST FOLLOW-UP SYMPTOM SCORES (N=36) 

 
Variable Average Baseline Average Last Follow P-Value 

Dryness 2.8 + 1.3 1.8 + 1.3 0.01 

Irritation 2.1 + 1.4 1.0 + 0.9 <.01 

Light Sensitivity 1.9 + 1.6 2.2 + 1.5 0.6 

Pain 1.8 + 1.6 0.4 + 0.6 <.01 

 

 

TABLE XIV 
MEAN BASELINE DED SYMPTOM SCORES FOR PATIENTS WITH COMPLETE DATA AND 

THOSE WITH INCOMPLETE DATA OR THOSE WHO WERE LOST-TO-FOLLOW-UP 
 

Variable Complete n=21 Incomplete n=15 P-Value 

Dryness 2.8 + 1.4 2.7 + 1.3 0.9* 

Irritation 2.0 + 1.3 2.1 + 1.4 0.4 

Light Sensitivity 2.2 + 1.5 1.4 + 1.7 0.2 

Pain 1.9 + 1.6 1.7 + 1.6 0.8 

Val66Met BDNF 
A/A 
G/A 
G/G  

 
0 (0.0%) 
8 (38.1%) 
13 (61.9%) 

 
2 (5.6%) 
11 (30.6%) 
23 (63.9%) 

 
0.33 

 

 

 

 Paired t-tests were performed for patients with complete follow-up data on all symptoms 

stratified by genotype status (Tables XV and XVI). Patients with GG genotype showed 

significant decreases in dryness and pain symptoms between baseline and the last follow-up 

time point (dryness: 3.0 to 1.7, P=.005; pain: 2.2 to 0.5, P=.002), whereas patients with the GA 

genotype did not exhibit significant decreases in the dryness and pain symptoms (2.5 till 2.0 

P=.4 for dryness; 1.5 to 0.4 P=.1 for pain). Thirty-one percent of patients with the GG genotype 

said that their symptoms improved by 25%, 46.2% reported no change in symptoms, and 23.1% 

reported that their symptoms became worse. As for patients with the GA genotype, 25.0% said 

that their symptoms improved by 25%, 62.5% reported no change in symptoms, and 12.5% 

reported that their symptoms became worse (P=.90). One patient who had the GG genotype 
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said that they are doing “ok.” They were classified as doing 25% better given that they were not 

doing “ok” at baseline. Additionally, 62.5% of DED patients with the GA genotype were also 

clinically diagnosed with depression, whereas 30.8% of DED patients with the GG genotype 

were clinically diagnosed with depression. As for prescribed treatments, the mean level of 

aggressiveness between GG and GA genotype did not differ clinically nor statistically (2.7 and 

2.8, respectively, P=.8). This means that prescribed treatment did not vary with genotype status. 

 

 

TABLE XV 
DED BASELINE AND LAST FOLLOW-UP SYMPTOM SCORES PAIRED T-TEST GG 

GENOTYPE (N=13) 
 

Variable Baseline Last Follow P-Value 

Dryness 3.0 + 1.3 1.7 + 1.3 0.005 

Irritation 1.6 + 1.2 1.1 + 1.1 0.25 

Light Sensitivity 1.9 + 1.4 1.6 + 1.8 0.4 

Pain 2.2 + 1.5 0.5 + 0.5 0.002 

 
 
 

TABLE XVI  
DED BASELINE AND LAST FOLLOW-UP SYMPTOM SCORES PAIRED T-TEST GA 

GENOTYPE (N=8) 
 

Variable Baseline Last Follow P-Value 

Dryness 2.5 + 1.6 2.0 + 1.3 0.4 

Irritation 2.6 + 1.4 0.9 + 0.4 0.004 

Light Sensitivity 2.6 + 1.7 1.5 + 1.1 0.1 

Pain 1.5 + 1.7 0.4 + 0.7 0.1 

 

Tables XVII and XVIII show the median scores between genotypes. Results were similar 

to means, however the magnitudes of change were greater.  
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TABLE XVII 
DED BASELINE AND LAST FOLLOW-UP SYMPTOM SCORES WILCOXON RANK SUM  

GG GENOTYPE (N=13) 
 

Variable Baseline Last Follow P-Value 

Dryness 3.0 1.0 0.02 

Irritation 1.0 1.0 0.5 

Light Sensitivity 1.0 0.0 0.3 

Pain 3.0 0.0 0.02 

 
TABLE XVIII  

DED BASELINE AND LAST FOLLOW-UP SYMPTOM SCORES WILCOXON RANK SUM  
GA GENOTYPE (N=8) 

 
Variable Baseline Last Follow P-Value 

Dryness 3.0  1.5 1.0 

Irritation 3.0 1.0 0.03 

Light Sensitivity 1.0 1.0 0.3 

Pain 1.0 0.0 0.3 

 

 

 

7.3 Discussion 

Genes are involved in the complex biological processes of drug response, such as 

absorption, distribution, and target interaction. Their efficacy largely depends on interactions 

with environmental and psychological variables. However, there is also evidence that key 

mutations, located in specific genes, may play a big role in the proportion of drug response 

(126). In this pilot study, we investigated the role of SNP Val66Met in the BDNF gene on 

treatment response for patients with DED and revealed that symptom reports may vary by 

genotype status. 

 The selection of Val66Met in the BDNF gene is largely because of the association 

between DED and depression. We have reported that 42.4% of our patients have been clinically 

diagnosed with depression (chapter 6). We have also revealed an OR of 3.46 for the 

association between DED and depression. Therefore it seemed plausible to investigate 

common polymorphisms between depression and DED and to look at the effect of treatment by 
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examining the DED symptom change over time. One of the most studied genetic variations 

within the BDNF gene is Val66Met (rs6265), which results in a Val66-to-Met (Val66Met) change 

in the 50-pro region of the protein. It has been reported that this variation is associated 

depression (127) and anxiety (128). Additionally, Met (minor allele a) carriers exhibit a higher 

risk of suicide attempts (129) and higher vulnerability to stressful life events than Val individuals 

(130,131). Even though Met carriers exhibit worse disease symptoms, studies have shown that 

this polymorphism interacts with antidepressant efficacy where Met carriers appear to exhibit a 

better response to classical antidepressants (132,133). Niitsu et al. in a comprehensive meta-

analysis of published candidate gene studies focusing on antidepressant efficacy in major 

depression, revealed that BDNF Val66Met heterozygous genotype was associated with better 

Selective serotonin reuptake inhibitors response compared to the homozygous genotypes (133). 

Nevertheless, a better response to treatment in Met carriers may be highly dependent on the 

type of antidepressant, gender, ethnicity, and the presence of other polymorphisms (134). 

 Looking at the role of Val66Met in DED symptoms over time, we found that some 

symptoms like dryness and pain do not decrease significantly in patients with the minor allele a 

(Met carriers) of Val66Met despite treatment, whereas these symptoms get significantly reduced 

in patients who do not have the minor allele a. As such, there are some sensations that respond 

differentially to the presence of this SNP. The relationship of BDNF with the different sensation 

in DED is not known. This biological mechanism could be similar to the one of BDNF and 

antidepressant activity. Thus, the modification of DED treatment response by genotype is 

biologically plausible, and potential mechanisms should be investigated, building on these 

known mechanisms. 

 There are several limitations to our study. First, this is a pilot study and power would be 

improved with a larger sample size. Due to the small sample size, our data were not normally 

distributed. With distributions that are non-normal medians are presented. We did compare 

median scores between genotypes and the interpretation of the data was similar to means but 
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the magnitude was different. This may largely be due to precision issues. Second, our 

assessment of self-reported symptom change was weighted toward improvement. Similar to 

asking the extent of symptom improvement, we should ask the extent of how much worse the 

symptoms became. Additionally, we did not have a clinical measure over time, such as 

Schirmer and Rose Bengal staining, which would have provided objective measure. However, 

there is a disconnect between clinical signs and symptoms in DED, and physicians heavily rely 

on reported symptoms for treatment. Moreover, our analysis included only one follow-up time 

point given the allotted study time frame. The natural progression of DED is best described as a 

“waxing and waning” course; unlike diabetes, DED does not progress linearly. Patients with 

DED may show improvement at one follow-up time point and may not at another time point, 

despite treatment. Therefore, patients with a 10-year diagnosis of DED may show a similar 

pattern to a newly diagnosed patient. In order to describe the trajectory of DED treatment 

response and the role of Val66Met, a study with patients enrolled early after initial diagnosis 

who are followed up at multiple time points is necessary. Despite these limitations, this initial 

study may shed light for considering the role of Val66Met in the BDNF gene in regulating the 

efficacy of DED treatment.
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8. CONCLUSIONS 

8.1  Summary of Findings and Public Health Significance 

This thesis on the epidemiological and biological links between DED and depression 

revealed the following main findings: (i) the persistence of DED symptoms correlates the most 

with affective interference of mood and social life, as shown through a new tool to measure the 

entire symptom burden of DED (Study 1: chapter 4); (ii) clinical diagnosis of DED is associated 

with depression as assessed through clinical diagnosis and medication (study 2: chapter 5); (iii) 

DED symptoms are correlated with depressive symptoms, where patients with DED symptoms 

exhibit more depressive symptoms than patients without DED (Study 2: chapter 5); (iv) 

Val66Met (rs6265), a SNP in the BDNF gene and two SNPs Fokl (rs2228570) and Apal 

(rs7975232) in the VDR gene were found to be potentially associated with DED, and that the 

association between Val66Met and DED may vary by depression status (Study 3: chapter 6); 

and (v) DED symptom follow-up for at least six months revealed that DED symptoms like 

dryness and pain persist in patients with the GA genotype (Met carries) of the Val66Met SNP 

whereas GG genotype patients showed improved DED symptoms (Study 4: chapter 7). 

The burden of DED on patients and clinics is high; it is one of the leading causes of 

patient visits to ophthalmologists and optometrists in the United States. It is prevalent in more 

than 50% of patients of the American population aged 50 years or older (15). Symptoms of DED 

have consistently affected the quality of life of patients. The efficacy of DED treatment varies 

between patients. The reasons for this variation remain unknown.  Like DED, depression is a 

chronic disease that waxes and wanes, affecting more than 120 million people worldwide (135).  

According to the US Centers for Disease Control in 2009–2012, 7.6% of Americans aged 12 

and over had depression (136). The World Health Organization also reports on the rate of 

depression and its increasing burden (137). Specifically, in the United States, major depression 

accounts
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for: 3.7% of all disability-adjusted life years; and 8.3% of all US years lived with disability (137). 

Additionally, “absenteeism” and “presenteeism” due to depression have been estimated to result 

in a loss of $36.6 billion per year in the United States (138). Causes of depression have yet to 

be pinned down precisely. Studies have shown that depression is a disease with a biological 

basis along with psychological and social implications. Similarly, patients with DED suffer from 

inexplicable pain and patients with both depression and DED exhibit a significant reduction in 

their quality of life. The work in this thesis focused on these two debilitating chronic diseases to 

lay the foundation for studies that may help clinicians more effectively treat patients and reduce 

their suffering.  

There are several limitations of the studies in this thesis, which are highlighted below. 

Our findings need to be confirmed by additional observational studies (case-control with larger 

sample sizes and cohort studies); the specific biological interactions need to be delineated, and 

several additional factors need to be considered.  

 

8.2.  Limitations 

8.2.1 Sample Size and Convenience Sampling 

Each of the studies in this thesis has a lower sample size than desired. An initial sample 

size calculation was performed and determined for the entire thesis, especially for Specific Aims 

B and C. This analysis took into consideration that we needed three types of cases (DED alone, 

DED and depression, and depression alone) along with the controls. However, the calculation 

revealed a large number beyond our able target. As such, we enrolled the maximum number of 

patients that was feasible and budget-supported. The ideal goal was to have 250 cases and 250 

controls using the following criteria: 1:1 ratio of cases to controls, α error of 0.05 (two-sided) and 

β error of 0.2 (1–0.2=80% power), expected effect size (1.5), frequency of risk allele (SNP) in 

sample population. For example, the minor allele frequency for Val66Met as taken from The 

National Center for Biotechnology Information is 0.228. Using the CaTS Power Calculator 
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software developed at the Center of Statistical Genetics at the University of Michigan 

(http://www.sph.umich.edu/csg/abecasis/CaTS/index.html), the parameters above revealed a 

sample size of 250 for cases and 250 for controls. A low sample size affected our results with 

regard to precision and detection of modest associations.  

 In addition to low sample size, our method of sampling is characterized as a 

convenience sample, where we enrolled subjects attending one clinic. The advantages of 

convenience sampling are related to time and cost. The relative cost and time required to have 

a convenience sample are small compared to other sampling techniques. Given our budget and 

the relatively novel hypotheses, we were able to collect data on a sample of patients than if we 

were to use other systematic sampling. However, convenience sampling may suffer from 

selection bias leading to overrepresentation or underrepresentation of DED patients in the study 

sample. In our case, we recruited subjects from a dry eye clinic that treats the most advanced 

and complicated cases. Our patients may overrepresent the severity of DED in the population. 

This limits our ability to generalize our findings to the other populations who may be suffering 

from the milder form of DED.  

 

8.2.2 Additional Confounding and Effect Modification 

As mentioned in the background of this thesis, the consistent risk factors for DED 

include: female gender, older age, contact lens use, postmenopausal estrogen therapy, a diet 

that is low in omega 3 essential fatty acids or has a high ratio of omega 6 to omega 3 fatty 

acids, refractive surgery, vitamin A deficiency, radiation therapy, bone marrow transplantation, 

hepatitis C, and certain classes of systemic and ocular medications, including antihistamines. 

Throughout our analyses, we controlled for sociodemographic variables: age, gender, and race. 

Additionally, we determined depression diagnosis from medical charts by past history and 

medication use. Medication use for depressive symptoms was also determined as a separate 

variable and used as a control for the association between DED symptoms and depressive 
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symptoms. Given that sociodemographic data and depression status were determined from 

medical charts, the chances of information bias may have been higher than a study where these 

factors were more actively collected and if patients were referred from psychiatric clinics. 

Additionally, our studies do not control for additional risk factors, such as comorbidity, hormonal 

imbalance and therapy, and systemic medications. 

 Dry eye disease is not a single disease but is related to a heterogeneous group of 

conditions that present with common ocular findings. Amongst these conditions, some may also 

have common biological underpinnings with depression. For example, SLE, GVHD, and 

Sjögren’s are all associated with DED and depression. Conditions like GVHD may cause more 

depression independent of how severe the DED is, and simply because overall these patients 

are more ill. Controlling for those comorbidities is important to determine whether the 

association between DED and depression is distorted by their presence. Additionally, stratifying 

by these comorbidities may allow us to identify whether the relationship between DED and 

depression differentially varies and if the estimates are different between those with and those 

without comorbidities. This will allow us to identify patients who are most likely to have 

depression with DED or not, ultimately allowing us to treat them differently.  

Another important consideration is that of the role of hormones with DED and hormones 

with depression. Studies have shown that hormonal imbalance is associated with evaporative 

DED and meibomian gland dysfunction. Women are 1.5 to 2 times more likely than men to have 

DED (16,139,140). This occurs mostly after menopause. Additionally, hormone replacement 

therapy in postmenopausal women, especially estrogen alone, has been shown to be 

associated with DED (23). Controlling for hormonal imbalance in the association between DED 

and depression is needed because it may affect both diseases differently. 
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8.3  Future Directions 

The results in this thesis may very well serve as preliminary data for larger multicenter 

case-control and cohort studies that further dissect the relationship between DED and 

depression and confirm the findings. We were limited in interpretation with regard to temporality. 

It is still unknown whether DED causes depression or depression causes DED, or whether their 

onset is simultaneous. To answer this question and address the primary limitations mentioned 

above, multicenter case-control studies followed by a longitudinal cohort study are needed. 

These multicenter studies would include DED clinics and psychiatric clinics collaborating on 

recruitment of patients, data collection, design, and analysis. For example the multicenter case-

control study would consist of four groups: (i) patients with DED and no depression; (ii) patients 

with depression and no DED; (iii) patients with DED and depression; and (iv) healthy controls, 

with a minimum sample size of 250 in each group.   

Additionally, a cohort study would specifically entail collecting baseline and genetic data 

and following up subjects for a minimum of five years. To minimize selection and sampling bias, 

systematic sampling techniques will be employed instead of convenience sampling to ensure 

that the cohort population is as representative as possible with regard to DED severity. Patients 

will be recruited from clinics that specialize in DED and that include a broad range of severity of 

DED patients. Patients will be followed up for a minimum of five years to determine whether 

DED patients develop depression, for example, compared to healthy controls. Study visits will 

occur every six months and detailed clinical testing will be performed. The inclusion criteria 

would primarily be broad to include a large sample of patients. To address recruitment 

challenges, incentives will be given to subjects. Examples of incentives include: free eye exams, 

reimbursement for clinic visits, and free health education. 

 The following data will be collected at baseline: sociodemographic data (age, gender, 

race, occupation, education, income); detailed medical history and comorbidities; detailed 

medication intake (current and past); saliva samples for genetic analysis clinical parameters for 
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DED (Schirmer, Rose Bengal staining); depression status and history; DED and depression 

symptom questionnaires; and dietary habits (e.g., foods rich in omega 3 have been shown to 

alleviate DED). At each visit, patients will undergo routine clinical eye exams for DED and 

depression and will complete the symptom questionnaires. Patients will also be asked about 

changes in their diet and medication.  

 Incidence rates and relative risks will be calculated and results summarized. Statistical 

modeling would entail controlling for all confounding variables mentioned above and stratifying 

by variables that are hypothesized to differentially affect the association between DED and 

depression. 

 Based on our preliminary data, we hypothesize that patients with DED will more likely 

develop depression than will healthy controls. Since we are interested in knowing if DED leads 

to depression or depression leads to DED through other mechanisms, we will observe whether 

patients with depression and no DED will be more likely to develop DED compared to healthy 

controls. 

 

8.4  Conclusions 

Together the studies in this thesis have uncovered that there may be a biological and 

epidemiological interrelationship between DED and depression. It is known that DED and 

depression occur independently, but these preliminary studies suggest that together they may 

have a bigger impact on clinical outcomes and treatment decisions. This field of research is 

relatively innovative and has been initiated as a result of public health concerns related to 

patient suffering of significant symptoms and a diminished quality of life stemming from both 

diseases.
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