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Abstract

Objective—To evaluate the association between dry eye symptoms and neuropathic-like ocular 

pain features, chronic pain conditions, depression, and anxiety in patients presenting for routine 

ophthalmic examinations.

Methods—233 consecutive patients ≥18 years of age presenting to a comprehensive eye clinic 

between January and August 2016 were included in this study. Information on demographics, 

chronic pain conditions, medication use, DE symptoms (dry eye questionnaire, DEQ5), NOP 

complaints (burning; wind, light, and temperature sensitivity), depression and anxiety indices 

(patient health questionnaire 9, PHQ9 and symptom checklist 90-revised, SCL-90-R) were 

collected for each individual. Pearson’s correlation was used to evaluate strengths of association. 

Logistic regression analysis examined risk factors for any (DEQ5≥6) and severe (DEQ5≥12) DE 

symptoms.

Results—The mean age of the population was 46.3 years (±13.0); 67.8% (n=158) were female. 

Per the DEQ5, 40.3% (n=94) had mild or greater DE symptoms and 12% (n=24) had severe 

symptoms. Severity of DE symptoms correlated with NOP complaints: burning (Pearson r=0.37, 

p<0.001); sensitivity to wind (r=0.37, p<0.001), sensitivity to light (r=0.34, p<0.001), and 

sensitivity to temperature (r=0.30, p<0.001). Gender, race, and ethnicity were not significant risk 

factors for DE symptoms. Risk factors for mild or greater DE symptoms included a greater 

number of chronic non-ocular pain conditions (odds ratio (OR)= 1.38, p<0.001), arthritic pain 
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(OR=6.34, p<0.001), back pain (OR= 2.47, p= 0.004), headaches (OR= 2.14, p= 0.02), depression 

(OR= 1.17, p<0.001) and anxiety (OR=1.13, p=0.02).

Conclusion—DE severity positively associated with neuropathic-like ocular pain complaints, 

comorbid chronic pain conditions, and symptoms of depression and anxiety.

Keywords

Dry Eye; Neuropathic Pain; Chronic Pain

Dry eye (DE) is a significant public health burden with DE symptoms affecting 

approximately 15% of Americans 50 years or older.1–4 Similar or higher estimates have 

been found globally.5, 6 Symptoms of DE, such as irritation, burning, foreign body sensation, 

photophobia, tearing, and blurred vision can interfere with the ability to work and carry out 

activities of daily living. Thus, DE may significantly decrease a patient’s quality of life.7, 8

DE is a multifactorial diagnosis that is diverse in clinical presentation (e.g. elevated tear 

osmolarity, ocular surface inflammation, decreased tear production, increased evaporation, 

and/or corneal and conjunctival staining). To add to the complexity, there is often a 

discrepancy between clinical signs and symptoms of DE.9 In fact, dry eye symptoms appear 

to align more closely with factors other than tear film parameters, such as depression, 

posttraumatic stress disorder, and non-ocular pain measures in studies.10, 11 This 

discordance hints at factors beyond tear film and ocular surface disturbances that may 

underlie at least a subset of ocular symptoms that have been broadly categorized as DE.

Neuropathic pain has received increasing recognition as a factor in DE.12, 13 Neuropathic 

pain is defined as pain caused by a lesion or disease of the somatosensory nervous system.14 

Applied to ocular pain, it includes generation of spontaneous pain signals or amplification of 

noxious or innocuous evoked responses secondary to dysfunction of primary trigeminal 

afferents (peripheral sensitization) and/or of second and third order neurons (central 

sensitization). Features of neuropathic pain include spontaneous pain, dysesthesias 

(unpleasant sensations), and evoked pain (allodynia, hyperalgesia). There is biologic 

plausibility for the generation of neuropathic pain signaling within the trigeminal system. 

Terminal nerve endings on the ocular surface may encounter disturbances such as 

hyperosmolarity, air pollution, and trauma, all of which can cause corneal nerve damage and 

subsequently alter corneal somatosensory pathway function.14, 15

In support of the contribution of neuropathic pain to DE symptoms, neuropathic-like ocular 

pain (NOP) symptoms, such as spontaneous burning pain and evoked pain to wind and light, 

was found to associate with a more severe and chronic DE course16 that responded less 

favorably to artificial tears in a predominantly male population in studies conducted at a 

Veterans Affairs eye clinic.17 In the same population, we also found that DE and ocular pain 

symptoms were more prevalent in patients with comorbid chronic centralized pain 

conditions18, and this relationship was more robust in patients with NOP complaints.15 

Furthermore, these specific metrics were associated with increased corneal19 and cutaneous 

sensitivity.20 Incomplete responses to therapies targeting peripheral tissues and 

hypersensitivity to stimuli in areas outside the eye not only imply the presence of central 
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sensitization but also suggest that the differentiation of DE patients by somatosensory status 

may have significant therapeutic implications. DE has also been found to co-exist with 

several non-ocular pain conditions and mood disorders.21, 22

A knowledge gap exists, however, on whether these associations remains true in a more 

generalizable dry eye patient population that is predominantly female.23 We hypothesized 

that NOP complaints would correlate with DE severity and that eye symptoms would be co-

morbid with non-ocular pain conditions in a more typically representative dry eye 

population presenting for routine ophthalmic care at a tertiary ophthalmic care center.

METHODS

Study Population

All patients over 18 years of age presenting for the first time to a comprehensive eye clinic at 

Bascom Palmer Eye Institute between January and August 2016 for an initial evaluation 

were sequentially invited to complete a single intake form. All forms were completed prior 

to clinical examination. The study was conducted in accordance with the principles of the 

Declaration of Helsinki, and the University of Miami Institutional Review Board/ Ethics 

committee approval was obtained to retrospectively review the surveys and to analyze the 

results.

Data Collected

For each individual, demographics, ocular and non-ocular conditions, medication use, dry 

eyes symptoms, ocular pain complaints, depression and anxiety indices were collected via 

standardized questionnaires, using a single intake form. The main outcome measures were 

the associations between DE and ocular pain symptoms, comorbid non-ocular pain 

conditions, and symptoms of depression and anxiety.

Dry eye symptoms

Patients completed the dry eye questionnaire 5 (DEQ5) (score 0–22).24 The DEQ5 is a 

validated, five-item questionnaire that combines patient responses regarding ‘eye 

discomfort’ (frequency and intensity), ‘eye dryness’ (frequency and intensity), and ‘watery 

eyes (frequency) during the past month. Higher scores indicate greater severity of symptoms. 

Mild or greater DE symptoms was defined as a DEQ5≥6.24 Patients with a DEQ5 ≥12 were 

considered to have severe DE symptoms.

NOP complaints

Based on our prior data,16 NOP complaints were assessed using four questions: (1) presence 

of spontaneous burning ocular pain, presence of evoked pain, including ocular pain caused 

or increased by (2) wind, (3) light, or (4) heat/cold with all responses rated on a scale 

anchored at “0”, no pain sensation, to “10”, the worst pain imaginable. These descriptors 

were developed through criterion validation and found to be associated with symptoms 

suggestive of neuropathic ocular pain (i.e. more chronic course, decreased response to 

topical therapy, and association with local and systemic somatosensory 

alterations)16, 17, 19, 20, 25
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Non-ocular pain conditions

Patients were asked about the presence of chronic non-ocular pain conditions (>3 months in 

duration). We used the classification proposed by Yunus26 to divide chronic pain conditions 

into those not known to have an underlying structural basis (e.g. headaches, trigeminal 

neuralgia, temporomandibular joint pain, fibromyalgia, migraines, tendonitis, abdominal 

pain, pelvic pain, back pain, muscle pain, and central pain syndrome), and those classically 

associated with structural abnormalities (e.g. arthritis, chronic postsurgical pain, diabetic 

neuropathy, sciatica, burn pain, post-herpetic neuralgia, and cancer associated pain).

Non-ocular pain severity

Concurrent non-ocular pain was assessed using a numerical rating scale questionnaire (“how 

would you describe the overall intensity of your pain, on average, during the last week?” and 

“how would you describe the overall intensity of your pain, at its worse, during the last 

week”?). Responses were rated on a scale anchored at “0”, for no pain sensation, to “10”, 

the worst pain imaginable.

Mental Health Indices

Symptoms of depression were assessed via the patient health questionnaire 9 (PHQ-9), a 

questionnaire with a score ranging from 0 (no depressive symptoms) to 27 (the most severe 

symptoms).27, 28 The PHQ-9 was used to assess for patients’ mood, physical symptoms, and 

cognitive disturbances consistent with depression. The Symptom Checklist 90-revised 

(SCL-90R) is a well-validated, widely applied assessment tool for a broad range of mental 

disorders.29 The anxiety dimension of the SCL-90R, consisting of 10 items, was used to 

assess for symptoms of anxiety. Scores ranged from 0, indicating no anxiety symptoms to 4, 

indicating maximal symptoms.

Statistical Analysis

All statistical analyses were performed using SPSS statistical package version 22 (SPSS, 

Chicago, Illinois, USA). Descriptive statistics were used to summarize patient demographic 

and clinical information. Fisher exact, Chi square, and Student independent t test were used, 

as appropriate, to compare variables of interest in patients with mild and severe DE 

symptoms. Pearson’s correlation was used to evaluate the strengths of association between 

measures. Logistic regression analyses examined risk factors for any (DEQ5≥6) and severe 

(DEQ5≥12) DE symptoms. A P value <0.05 was considered statistically significant.

RESULTS

Study population

A total of 244 patients presented to the comprehensive clinic for an initial evaluation 

between January and August 2016. Of those, 233 patients (95.5%) completed the 

questionnaire. The mean age of the population was 46.3 years (range, 19–77 years) (Figure 

1), with a standard deviation (SD) of 13 years; 67.8% (n=158) of the patients were female, 

75.5% (n= 176) self-identified as white, and 51.5% (n=120) self-identified as Hispanic. The 

large majority of patients, 89.3% (n=208), were non-smokers. The most common non-ocular 
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conditions reported were allergies (27.9%, n= 65), followed by hypertension (17.5%, n=41) 

and arthritis (11.6%, n=27).

Dry eye symptoms and neuropathic-like ocular pain

Regarding DE symptoms, 25.8% (n=60) of patients complained of DE symptoms as a chief 

complaint on presentation. According to the DEQ5, 40.3% (n=94) of our population had 

mild or greater DE symptoms and 10.3% (n=24) had severe symptoms. Regarding NOP, 

11.2% (n=26) reported mild ocular burning pain (NRS 1 – 3), 2.1% (n=5) reported moderate 

burning pain (NRS 4 – 6), and 0.4% (n=1) severe burning pain (NRS 7 – 10). In a similar 

manner, 9.4% (n=22) reported mild sensitivity to wind (NRS 1 – 3) and 3.0% (n=7) reported 

moderate sensitivity (NRS 4 – 6). Similar proportions were found for sensitivity to light, 

with 12.4% (n=29) and 4.3% (n=10) having mild and moderate sensitivity, respectively; 

10.3% (n=24) and 2.1% (n=5) reported mild and moderate ocular sensitivity to a change in 

temperature. All features of NOP were positively and significantly associated with DE 

symptoms (via DEQ5) (r=0.37 for burning (Figure 2); r=0.37 for sensitivity to wind; r=0.34 

for sensitivity to light, r=0.30 for sensitivity to temperature (p<0.001).

Ocular and non-ocular association with DE symptoms

Mild and severe DE symptoms were both significantly associated with allergic conjunctivitis 

as shown in Tables 1 and 2. Mild DE symptoms (DEQ5≥6) were associated with soft contact 

lens wear (Table 1) while severe DE symptoms (DEQ5≥12) were associated with diabetes 

(Table 2). Medications did not confer an increased risk of DE symptoms with the exception 

of antihistamines.

DE symptoms correlated with pain complaints elsewhere in the body; r=0.35 for intensity of 

non-ocular pain averaged over the past week, r=0.31 for number of chronic pain conditions; 

r=0.23 for number of chronic pain locations (p<0.001). DE symptoms also correlated with 

depression (r=0.34, p<0.001) (Figure 3) and anxiety scores (r= 0.21, p= 0.001).

Similar to our findings in the VA population, mild and severe DE symptoms were co-morbid 

with chronic pain conditions, including back pain, muscle pain, headaches, and arthritic pain 

(Table 3; data for severe DE symptoms versus none, mild or moderate symptoms is not 

shown).

Multivariable regression analyses

To test the robustness of the relationship between DE symptoms and non-ocular pain, we 

performed forward stepwise linear regression analyses that controlled for variables 

significant in the univariable models: systemic co-morbidities (arthritis, ocular and non-

ocular allergies, contact lens wear, diabetes, muscle pain, headache, back pain), medication 

(antihistamines), and depression and anxiety indices. When controlling for these covariates, 

depression score (OR 1.2, 95% confidence interval (CI) 1.1–1.3), eye allergies (OR 3.1, 95% 

CI 1.1–8.5), arthritis (OR 5.4, 95% CI 1.6–18.2), muscle pain (OR=2.9, 95% CI 1.1–7.1), 

and contact lens wear (OR 2.6, 95% CI 1.3–5.5) remained significantly correlated with mild 

or greater DE symptoms. Depression score (OR 1.2, 95% CI 1.1–1.3) and allergies not 
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involving the eye (OR 3.1, 95% CI 1.2–7.8) remained significantly correlated with severe 

DE symptoms.

DISCUSSION

To summarize, consistent with our previous study consisting of older (mean age of 65 

years), predominantly male (90%) veteran population, DE symptoms correlated with NOP 

complaints, non-ocular pain conditions, depression and anxiety in a mostly middle-aged, 

female population.11 In a similar manner, DE diagnosis and symptoms also significantly 

associated with chronic pain conditions and depression in a British cohort of female twins.22 

The replication of these correlations in a novel population strengthens the connection 

between DE symptoms, neuropathic-like ocular pain, and non-ocular pain conditions.

While associations between depression, anxiety, post-traumatic stress disorder (PTSD) and 

DE have been studied,21, 30, 31 less information is available on the link between DE and non-

ocular pain conditions.32, 33 The latter association, however, is not surprising given the 

emerging concept that pain does not exist in isolation and that patients tend to have more 

than one chronic pain conditions, a term known as chronic overlapping pain conditions 

(COPC).34 Interestingly, we did not find an association between DE symptoms and the use 

of antidepressants or anxiolytics. However, patients reporting symptoms of depression and 

anxiety may not be on treatment, and conversely, patients who are on adequate treatment 

may not have significant mood symptoms.

Our current data further supports the postulation that in some cases, DE symptoms may be 

one manifestation of a COPC, with central sensitization as a potential unifying factor tying 

in multiple pain conditions. Central sensitization, a mechanism of neuroplasticity, describes 

the physiological phenomenon in which prolonged, intense input of pain signals into the 

dorsal horns of the spinal cord,35 the spinal trigeminal subnucleus caudalis in the medulla,36 

or higher centers,37, 38 alters neuronal phenotype resulting in amplified synaptic 

transmission of pain signaling. This contributes to generation of spontaneous pain signaling, 

and/or enhanced responsiveness to painful stimuli with sensory gain amplification that 

clinically manifests as hyperalgesia, allodynia.39

In this study, ocular allergies and contact lens wear were associated with DE symptoms. 

Ongoing ocular surface damage such as from allergens or microtrauma from contact lens use 

may lead to inflammation, tear film thinning (evaporation or dewetting), and resultant 

hyperosmolarity;40 which, in turn, can activate and sensitize nociceptive fibers that signal 

pain in the cornea. Corneal pain fibers project to the trigeminal subnucleus caudalis33 and 

then, through multiple synaptic connections, relay information to brain areas that process the 

sensation of pain, such as various subcortical centers (limbic system, anterior cingulate 

cortex, amygdala, parabrachial nuclei, etc.) and the somatosensory cortex. Central 

sensitization leads to increased excitability of neurons in the dorsal horns, trigeminal nuclei, 

and higher brain centers,41 amplifying the sensory perception of pain or resulting in a variety 

of unpleasant sensations, including spontaneous pain. Due to the convergence of various 

afferent nociceptive pathways onto the same pain processing centers (i.e. trigeminal, 

glossopharyngeal and cervical pathways in the medulla and higher cervical cord, and pain 
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signaling from the trigeminal and somatic afferents at more proximal centers), the 

excitability and gain increase in these centers may be a shared factor explaining the presence 

of various coexistent chronic pain conditions in the setting of central sensitization. 

Furthermore, descending inhibitory pain pathways modulate somatosensory processing, and 

if compromised (as is the case in several chronic neuropathic states), further amplification 

and distortion of pain signals can occur.13 Finally, it should be noted that inflammatory 

cytokines and neuroinflammation play a role both in the pathogenesis of neuropathic pain 

and mental illnesses such as depression.42–44 Our findings suggest that similar to other 

COPC, patients with DE may have a predisposition to chronic pain that may be explained by 

central sensitization, neuroinflammation, and maladaptive neuroplasticity.

Both genetic susceptibility and environmental factors are thought to play pivotal roles in 

dictating phenotypic manifestation of ocular pain. For example, genetic polymorphisms in a 

number of targets including ion channels, hormone receptors,45 and cytokines33 have been 

identified, and haplotypes of catecholamine-O-methyltransferase (COMT) have been 

associated with chronic pain.46 In the setting of DE, Vehof et al. demonstrated a heritability 

of 29% for DE symptoms and 40% for the clinical diagnosis of DED in a British female 

twin cohort study.47 As found with non-ocular pain,48–50 three proinflammatory gene 

polymorphisms have been associated with DE symptoms in Korean non-Sjögren patients.51 

This propensity for inflammation may partially explain the link between ocular surface 

inflammatory cytokines (interleukins, tumor necrosis factor-α, and matrix metalloproteinase 

9) and DE.52–54 Propensity for similar proinflammatory mechanisms and aberrant plasticity 

in the brain, as stated above, may also partly explain affective disorders (depression, anxiety) 

in the same populations.42, 43, 55

As in all studies, our findings must be considered bearing in mind the study limitations. 

First, South Florida has a unique population, with a large proportion of Hispanics compared 

to other US cities. Second, we focused on DE symptoms and objective findings were not 

recorded since studies have shown a dissociation between signs and symptoms of DE.1 

Furthermore, previous studies have demonstrated that dry eye symptoms correlate more 

closely with non-ocular comorbidities than tear film parameters, such as TBUT or corneal 

fluorescein staining.10, 11 Third, DE symptoms have many potential contributors and it was 

not possible to capture all confounders (e.g. diet, environmental factors) in one intake form. 

Fourth, each subject in this study was surveyed once on a single day. Subjective responses 

can vary day to day, and the retest reliability is unknown. Despite these limitations, this 

study expands our previous work to a novel population and demonstrates that the link 

between DE symptoms and pain elsewhere in the body is robust. This suggests that we need 

to redefine “dry eye” and separate those who have ocular surface dryness from those whose 

DE symptoms are driven by somatosensory dysfunction such as neuropathy.

This separation has implications for DE treatment. Currently, DE therapies focus on 

improving various components of tear function, such as meibum (e.g. with oral antibiotics), 

inflammation (e.g. with topical anti-inflammatories), and anatomy (e.g. with 

conjunctivoplasty). In patients in whom DE symptoms co-exist with non-ocular pain 

conditions, treatments that focus on attenuating the excitability of the somatosensory 

function may be needed, especially in those with persistent DE symptoms despite adequate 
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topical therapy. Gabapentin and pregabalin have been used in some cases to treat ocular 

pain, most often in the setting of post refractive surgery pain.56 However, recent reports have 

noted that treatments that are used to treat chronic non-ocular pain may be applied to ocular 

pain.57 This includes, for example, neurostimulation and/or intrathecal infusion of fentanyl 

and bupivacaine in a patient with intractable corneal pain after refractive surgery. More 

research is needed, however, to identify patients with NOP and optimize treatment of both 

ocular and associated non-ocular conditions.
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Figure 1. 
Percentage of patients with mild or greater dry eye (DE) symptoms (dry eye questionnaire 5 

(DEQ5) ≥ 6) in a comprehensive eye clinic by gender and age.
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Figure 2. 
Correlation between dry eye symptoms (dry eye questionnaire 5, DEQ5) and ocular burning. 

(r= Pearson’s correlation)
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Figure 3. 
Correlation between dry eye symptoms (dry eye questionnaire 5, DEQ5) and depression 

(patient health questionnaire 9, PHQ-9). (r= Pearson’s correlation)
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