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Abstract
Introduction: Recent evidence suggests that dry eye (DE) may be comorbid with other chronic pain conditions.
Objectives: To evaluate DE as a comorbid condition in the U.S. veteran population.
Methods: Retrospective review of veterans seen in the Veterans Administration Healthcare System (Veteran Affairs) between January
1, 2010, and December 31, 2014. Dry eye and nonocular pain disorders were ascertained by International Classification of Diseases,
Ninth Revision (ICD-9) codes. Dry eye was further separated into ICD-9 codes representing tear film dysfunction or ocular pain. x2 and
logistic regression analyses were used to examine frequency and risk of DE, ocular pain, and tear film dysfunction by pain disorders.
Results:Of 3,265,894 veterans, 959,881 had a DE diagnosis (29.4%). Dry eye frequency increasedwith the number of pain conditions
reported (P , 0.0005). Ocular pain was most strongly associated with headache (odds ratio [OR] 2.98; 95% confidence interval [CI]
2.95–3.01), tension headache (OR 2.64; 95% CI 2.58–2.71), migraine (OR 2.58; 95% CI 2.54–2.61), temporomandibular joint
dysfunction (OR2.39; 95%CI 2.34–2.44), pelvic pain (OR2.30; 95%CI2.24–2.37), central pain syndrome (OR2.24; 95%CI 1.94–2.60),
and fibromyalgia/muscle pain (OR 2.23; 95% CI 2.20–2.26), all P , 0.0005. Tear film dysfunction was most closely associated with
osteoarthritis (OR 1.97; 95% CI 1.96–1.98) and postherpetic neuralgia (OR 1.95; 95% CI 1.90–2.00), both P , 0.0005.
Conclusions: Dry eye, including both ocular pain and tear film dysfunction, is comorbid with pain conditions in this nationwide
population, implying common mechanisms.
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1. Introduction

Chronic pain conditions are estimated to affect at least 116million
adults in the United States alone, with an economic burden of
$560–635 billion in medical expenditure because of treatment
costs and loss of productivity.3 Pain conditions are generally

considered to be chronic when they persist beyond a time of
expected resolution, typically 3 months or longer. Certain chronic
pain conditions, such as temporomandibular joint dysfunction
(TMD), fibromyalgia, irritable bowel syndrome (IBS), back pain,
and headaches, have been found to coexist with one another,8

and this concept has been referred to as chronic overlapping pain
conditions (COPCs).27,46 Chronic overlapping pain conditions are
further separated into categories based on the presence or
absence of observable underlying pathology. So-called “func-
tional disorders” describe conditions where pain exists without
known underlying pathology (eg, TMD, fibromyalgia), whereas
structural disorders occur in the setting of a well-defined
pathology (eg, osteoarthritis, rheumatoid arthritis), infection (eg,
postherpetic neuralgia), drug-induced (eg, opioids), or trauma
(eg, persistent postoperative pain).55,56 Another way in which
pain conditions have been subcategorized is using the In-
ternational Association for Study of Pain (IASP) scheme for
coding chronic pain which takes into account regions or the main
site of the pain (eg, cervical region, thoracic region, lower limbs,
etc.) for axis I, organ system involved (eg, nervous system,
respiratory system, etc.) for axis II, characteristics of the pain (eg,
continuous, irregularly, single episode, etc.) for axis III, intensity of
pain and time since onset (eg, mild, medium, or severe, and
number of months) for axis IV, and etiology (eg, genetic, trauma,
inflammatory, toxic, etc) for axis V. Several mechanisms likely
underlie the coexistence of pain conditions including peripheral
and central sensitization54 and psychosocial vulnerabilities that
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have an effect on pain amplification,5,27 both of which are
believed to be strongly influenced by genetic factors.9,27

Dry eye (DE) is a complex disorder that can present with ocular
pain and/or tear film dysfunction. Dry eye affects an estimated
15% of the U.S. population and millions of people worldwide.2

Symptoms of DE include a wide range of dysesthesias described
as unpleasant including “dryness,” “burning,” and “aching,”21

and many individuals report a chronic symptom course.32 Signs
of DE are varied and can include decreased tear production,
increased tear evaporation, and ocular surface disruption.1

Similar to nonocular chronic pain conditions, DE symptoms often
do not correlate with clinical signs of DE.15,38 Furthermore,
a subset of patients do not respond to therapies that target the
ocular surface.11,41 Like other COPC, DE symptoms negatively
impact the quality of life by affecting the ability to perform basic
activities of daily living such as reading, watching television,
driving, and using a computer.29,33

Several mechanisms common to COPC are implicated in the
pathogenesis of chronic DE symptoms, including inflammation,39

nerve sensitization,16,36,48 and genetic susceptibility.50 Similar to
COPC, psychosocial vulnerabilities likely play a role in ocular
symptom amplification, as demonstrated by the close associa-
tion between DE with posttraumatic stress disorder, depression,
and insomnia.14,18 We previously showed that DE symptoms
correlated with nonocular pain7 and that individuals with a greater
number of chronic pain conditions had more severe DE
symptoms.12 Interestingly, ocular surface signs of DE were
comparable among those with and without chronic pain. The
generalization of these data is limited by the fact that our study
evaluated a sample population from a single center in South
Florida. To build on our previous work, we re-examined
associations betweenDE and nonocular pain conditions in a large
nationwide population of veterans over a 5-year period.
Specifically, we evaluated the association between DE subtypes
(including ocular pain and tear film dysfunction) with nonocular
pain conditions listed under the heading of COPC. Based on our
previous work, we hypothesized that DE, specifically the subtype
defined by ocular pain, would be more prevalent in individuals
with pain conditions with functional conditions known to
associate with central sensitization compared with individuals
with a reported diagnosis of DE with tear film dysfunction.

2. Methods

2.1. Study methodology

This retrospective review ofmedical records examined all patients
seen in the nationwide Veterans Affairs Healthcare System
between January 1, 2010, and December 31, 2014. Institution
Review Board approval of Miami Veterans Affairs was obtained to
allow the retrospective evaluation of charts. The study was
conducted in accordance with the principles of the Declaration of
Helsinki and complied with the requirements of the United States
Health Insurance Portability and Accountability Act.

2.2. Study population

Between January 1, 2010, and December 31, 2014, 3,265,894
patients were evaluated within the Veterans Affairs Healthcare
System.

2.3. Data collected

Data were extracted from the clinical charts by a programmer
and arranged into an excel sheet so that each row represented

a unique patient, identified by an assigned number, followed by
information on demographics (sex, race, ethnicity, and age),
comorbidities (DE and pain diagnoses by International Classi-
fication of Diseases, Ninth Revision [ICD-9] codes), and
medication use (artificial tears, cyclosporine, analgesics,
antidepressants, and anxiolytics). Dry eye was defined as the
presence of an ICD-9 code for sicca syndrome, keratocon-
junctivitis sicca, tear film insufficiency, visual discomfort, or pain
in or around the eye. We further separated DE into 2 categories:
tear film dysfunction (sicca syndrome, keratoconjunctivitis
sicca, and tear film insufficiency) and ocular pain (visual
discomfort and pain in or around the eye). We organized pain
diagnoses in Tables 2 and 3 using “functional or structural”
pain classification by Yunus and the IASP axis I regional
classification of chronic pain.

2.4. Statistical analysis

Descriptive statistics were prepared for the study population.
Frequencies were compared using x2 tests; means were
compared with 2-sample t tests. Binary logistic regression
analysis was used to calculate odds ratios (ORs) between DE
and chronic pain conditions. Multivariable analyses were
performed to evaluate the influence of multiple variables (de-
mographic and pain conditions) on DE. A sum score was
generated representing the total number of chronic pain
conditions carried by an individual.

3. Results

3.1. Study population

Over the 5-year period, 3,265,894 veterans were seen at
a Veteran Affairs medical center, of which 959,881 veterans
carried an ICD-9 diagnosis of DE (29.4%). Of those, 26.2%
(854,480) had a diagnosis of tear film dysfunction and 5.7%
(186,299) had a diagnosis of ocular pain. The 2 DE subtypes
were not mutually exclusive with 2.5% (80,898) of veterans
having both diagnoses. Patients with tear film dysfunction were
older compared with their counterparts without DE (mean 69.4
years SD 12.9 vs 64.5 years SD 14.3, P , 0.0005), whereas
individuals with ocular pain were younger (63.4 years SD 15.3,
P , 0.0005). Examining age groups, the frequency of tear
dysfunction DE increased with age (Fig. 1) while ocular pain
occurred at a higher frequency in younger individuals (Fig. 2).
Women were more likely to have diagnosis of both ocular pain
and tear film dysfunction (OR 1.51 and 1.25, respectively,
Table 1). Blacks had a higher risk of ocular pain compared with
whites (OR 1.25); the risk of tear film dysfunction was also
increased but to a lesser magnitude (OR 1.05). In a similar
pattern, smokers had a higher risk of ocular pain (OR 1.29) and
a slightly higher risk of tear film dysfunction (1.08) compared
with nonsmokers, P , 0.0005 for both.

3.2. Relationship between ocular pain and tear film
dysfunction with nonocular pain diagnosis

We first added the number of pain diagnoses present per
individual, of a total of 21 possible diagnoses (listed in Tables 2
and 3, excluding mental health disorders), to arrive at a sum
score. We found that the mean number of pain diagnoses
carried by an individual was 2.51 SD 2.10. Only 17.6% of
individuals had no pain diagnosis, 54.6% had 1 to 3 pain
diagnoses, 25.4% had 4 to 7 pain diagnoses, and 2.4% had 7
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or more diagnoses. The frequency of DE in the population
sample increased with an increasing number of pain di-
agnoses. Specifically, the frequency of DE was 16.3% in those
with no pain diagnosis, 26.4% in those with 1 to 3 pain
diagnoses, 42.0% in those with 4 to 7 pain diagnoses, and
59.7% in those with more than 7 pain diagnoses, (P, 0.0005).
A similar pattern emerged when examining separating DE into
ocular pain and tear film dysfunction (Figs. 3 and 4). As
a control, we ran a similar analysis using ICD-9 codes for

tobacco use disorder (305.1), tics (307.23), and anorexia
nervosa (307.1 or 307.53) and found relatively stable frequen-
cies of tobacco use disorder, tics, and anorexia nervosa as the
number of pain diagnoses increased (data not shown).

Tables 2 and 3 describe the relationship between DE
subtypes and specific pain diagnoses. Ocular pain more closely
associated with functional (as opposed to structural) pain
conditions (Table 2) but associated to an equal magnitude with
IASP axis I generalized and regional syndromes. Tear film

Figure 1. Frequencies of tear film dysfunction in each age group of veterans seen in the VAHealthcare System between January 1, 2010, and December 31, 2014.
Total number of veterans in the study n 5 3,265,894. VA, Veterans Affairs.

Figure 2. Frequencies of ocular pain in each age group of veterans seen in the VA Healthcare System between January 1, 2010, and December 31, 2014. Total
number of veterans in the study n 5 3,265,894. VA, Veterans Affairs.
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dysfunction more strongly associated with structural pain
conditions (Table 3) and IASP axis I generalized syndromes.
Specifically, ocular pain most strongly associated with headache
(OR 2.98; 95% confidence interval [CI] 2.95–3.01), tension
headache (OR 2.64; 95% CI 2.58–2.71), migraine (OR 2.58;
95% CI 2.54–2.61), TMD (OR 2.39; 95% CI 2.34–2.44), pelvic
pain (OR 2.30; 95% CI 2.24–2.37), central pain syndrome (OR
2.24; 95%CI 1.94–2.60), and fibromyalgia/muscle pain (OR 2.23;
95% CI 2.20–2.26), all P, 0.0005 (Table 2). The pain diagnoses
most closely related to tear film dysfunction were osteoarthritis
(OR 1.97; 95% CI 1.96–1.98) and postherpetic neuralgia (OR
1.95; 95%CI 1.90–2.00), both P, 0.0005 (Table 3). Dry eye also
associated with mental health diagnoses but at magnitudes
generally lower than with pain disorders. In addition, those using
medications such as analgesics, antidepressants, and anxiolytics
had a higher frequency of DE (both ocular pain and tear film
dysfunction) compared with their counterparts who were not
using these medications.

In a multivariable analysis, considering the effect of de-
mographics, medications, and pain comorbidities on DE, we
found that all variables examined associated with ocular pain
except for sex, smoking status, tension headache, and
neoplasm-related pain. In a similar manner, all variables
associated with tear film dysfunction except for tension head-
ache, migraine, and complex regional pain syndrome. The pain
diagnosesmost closely related to ocular pain were headache (OR
1.96; 95% CI 1.94–1.98), postherpetic neuralgia (OR 1.42; 95%
CI 1.35–1.49), and migraine (OR 1.41; 95%CI 1.39–1.44), all P,
0.0005. The pain diagnoses most closely related to tear film
dysfunction were postherpetic neuralgia (OR 1.41; 95% CI
1.36–1.45), osteoarthritis (OR 1.39; 95% CI 1.38–1.40), and
diabetic neuropathy (OR 1.25; 95%CI 1.24–1.27), allP, 0.0005.

4. Discussion

To summarize, we found that within our population, 29.4% of
individuals carried a diagnosis of DE, 5.7% of which were
subtyped as ocular pain and 26.2% as tear film insufficiency;
2.5%carried both diagnoses. Consistent with other reports,19 the
frequency of tear film deficiency steadily increased with age, and
both DE types are more common in women. In support of our
hypothesis, DE occurred at a higher frequency in those with pain
conditions compared with those without pain conditions. In fact,
the frequency of DE increased steadily with increased number of
pain diagnoses. Our findings are important because they strongly
support DE represents a COPC. Moreover, our data showed
a stronger relationship between ocular pain and functional pain
disorders as compared with tear film dysfunction in both
generalized and regionalized syndromes under IASP axis I

classification for chronic pain. These data are consistent with
underlying somatosensory dysfunction as a shared mechanism
among some DE subtypes and other COPC.17,21,48

We previously found that DE symptoms correlated more
strongly with nonocular pain and chronic pain conditions than
with tear film parameters in a predominantly male veteran
population.13 In a complimentary fashion, Vehof et al.49 found
that chronic pain syndromes were the most significant predictors
of DE symptoms in a predominantly female population in the
Netherlands. The current study expands on these findings by
demonstrating that correlation between DE and other pain
conditions remains strong when considering a large predomi-
nantly male population of veterans spanning the entire United
States suggesting a mechanistic relationship.

Dry eye has much in common with COPC including a higher
incidence in women,46 strong associations with mood disorders
like anxiety and depression,42,45 sleep impairment,10 and de-
creased quality of life.27 From a symptom perspective, many
patients with DE with sensations of ocular dryness endorse other
pain complaints that are frequently found in those with nonocular
pain, namely hot-burning pain, hyperalgesia (eg, sensitivity to
wind), and allodynia (eg, sensitivity to light).21 These symptoms
are often chronic32 and do not completely respond to therapies
targeting the tear film and ocular surface.11,41

Similar to other COPC, individuals with DE symptoms
demonstrate evidence of somatosensory dysfunction.17,48 Spe-
cifically, in a large cohort of British women, those with DE
symptoms had lower heat pain tolerance in an area remote from
the eye (ie, the forearm).48 In a similar manner, in a predominantly
male cohort, individuals with DE symptoms were found to have
higher temporal summation scores and increased aftersensa-
tions to hot and cold pain on the forearm.17 These latter metrics
are frequently abnormal in individuals with neuropathic pain and
central sensitization.4,26 Furthermore, both conditions have been
linked to inflammation and neuroendocrine dysregulation. Sys-
temic inflammation has been implicated in the development and
maintenance of central sensitization by means of proinflamma-
tory cytokines like tumor necrosis factor–alpha, interleukin (IL)1
and IL6,22 and activation of glial cells25, with a resultant increase
in nociceptor excitability and response. Circulating proin-
flammatory cytokines have been found elevated in complex re-
gional pain syndrome,35,44 fibromyalgia,28,52 and some forms of
chronic back pain.20,53 Ocular surface inflammation is an im-
portant component of some forms of DE,39,40 and in animal
models, adoptive transfer of CD41 cells was sufficient to induce
disease in naive animals.31 Interestingly, hormonal disturbances
have been found to influence maintenance of chronic pain, such
as estradiol alterations in individuals TMD and IBS,43 and an-
drogen alterations in DE,47 serving as a possible explanation of

Table 1

Demographics of the study population and risk factor for DE by demographics.

Demographic; risk factor comparison Tear film dysfunction OR (95% CI) Ocular pain OR (95% CI) Control (no DE)

Age, mean (SD) 69.4 (12.9) 1.03 (1.03–1.03) 63.4 (15.3) 0.99 (0.99–0.99) 64.5 (14.3)

Sex, % male (n); F/M 91.8 (784,299) 1.25 (1.24–1.27) 90.0 (167,597) 1.51 (1.49–1.53) 93.4 (2,154,610)

Race
% White (n) 73.0 (623,727) 1.05 (1.04–1.05) 69.6 (129,603) 1.25 (1.24–1.27) 74.0 (1,705,916)
% Black, B/W 19.6 (167,344) 22.3 (41,605) 18.8 (434,104)

Ethnicity, % H (n); H/non-H 5.7 (48,805) 0.90 (0.89–0.91) 6.7 (12,435) 1.10 (1.08–1.12) 6.3 (144,600)

Smoker, % (n); S/non-S 16.8 (143,344) 1.08 (1.08–1.09) 19.5 (36,334) 1.29 (1.28–1.31) 15.5 (357,508)

All P values ,0.0005.

B, black; CI, confidence interval; DE, dry eye; F, female; H, Hispanic; M, male; OR, odds ratio; S, smoker; W, white.
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the higher frequency in women of DE and other COPC in
women.7,27,34,37

Dry eye and other COPC have also been linked in previous
genetic studies.51 Specifically DE, chronic widespread musculo-
skeletal pain, chronic pelvic pain, and IBS were linked by 2 latent
genetic factors shared among these conditions.51 Furthermore,

specific to inflammation, DNA variants in IL1 and IL6R have been
associated with non-Sjogren DE in Korean patients.30 Genome
wide association studies in European23 and Chinese24 popula-
tions have also found multiple loci associated with Sjogren
syndrome. Interestingly, none of the identified genes encoded for
salivary or lacrimal components but instead associated with

Table 2

Frequency of ocular pain in those with and without specific diagnoses.

% Ocular pain in those with
conditions (number)

% Ocular pain in those
without conditions (number)

Odds ratio* 95% CI

Conditions classified as generalized syndromes†
and functional pain disorders‡ (ICD-9 code)

Fibromyalgia or muscle pain§ (729.1) 10.9% (32,506) 5.2% (153,793) 2.23 2.20–2.26
Migraine§ (346.00–346.93) 12.4% (28,761) 5.2% (157,538) 2.58 2.54–2.61
Chronic pain or syndrome (338.2 or 338.4) 9.8% (31,227) 5.3% (155,072) 1.97 1.94–1.99
Central pain syndrome (338.0) 11.9% (203) 5.7% (186,096) 2.24 1.94–2.60

Conditions classified as generalized syndromes†
and structural pain disorders‡ (ICD-9 code)

Rheumatoid arthritis (714.0–714.2) 8.2% (6372) 5.6% (179,927) 1.49 1.45–1.53
Osteoarthritis (7153) 7.1% (107,974) 4.5% (78,325) 1.64 1.63–1.66
Arthritis (716.50–716.99 or
719.80–719.99)

8.2% (52,007) 5.1% (134,292) 1.67 1.65–1.69

Postoperative pain (338.22 or 338.28 or
709.2)

9.0% (9215) 5.6% (177,084) 1.67 1.63–1.71

Diabetic neuropathy (250.63 or 357.2) 6.9% (29,210) 5.5% (157,089) 1.27 1.26–1.29

Conditions classified as regional syndrome† and
functional pain disorders‡ (ICD-9 code)

Headaches (3393 or 784.0 or 307.81) 11.7% (74,144) 4.3% (112,155) 2.98 2.95–3.01
Tension headache§ (307.81 or
339.1–339.12)

13.5% (7289) 5.6% (179,010) 2.64 2.58–2.71

Back pain§ (724.1 or 724.2 or 724.5) 7.6% (128,159) 3.7% (58,140) 2.18 2.16–2.20
Temporomandibular joint dysfunction§
(524.6)

12.3% (9531) 5.5% (176, 768) 2.39 2.34–2.44

Digestive symptoms (787.00–787.3 or
787.60–787.99)

8.7% (81,084) 4.5% (105,215) 2.01 1.99–2.03

Abdominal pain (789.03 or 789.63 or
557.1)

9.2% (74,372) 4.6% (111,927) 2.13 2.11–2.15

Pelvic pain§ (625.0–625.4 or 625.7–625.9) 12.0% (5803) 5.6% (180,496) 2.30 2.24–2.37
Irritable bowel syndrome§ (564.1) 10.7% (10,894) 5.5% (175,405) 2.05 2.01–2.09

Conditions classified as regional syndromes†
and structural pain disorders (ICD-9 code)‡

Sciatica (724.3) 8.9% (18,701) 5.5% (167,598) 1.69 1.66–1.72
Postherpetic neuralgia (053.19) 9.6% (2312) 5.7% (183,987) 1.75 1.68–1.83
Neoplasm-related pain (338.3) 7.2% (486) 5.7% (185,813) 1.29 1.18–1.42

Individual central sensitivity syndrome (ICD-9
code)

Complex regional pain syndrome§ (337.2 or
733.7)

11.4% (1349) 5.7% (184,950) 2.14 2.02–2.27

Mental health disorders (ICD-9 code)
Anxiety (300.03) 8.2% (71,916) 4.8% (114,383) 1.78 1.77–1.80
Depression (296.20–296.39 or 300.4 or
311)

7.7% (108,008) 4.2% (78,291) 1.89 1.88–1.91

Posttraumatic stress disorder§ (309.81) 8.7% (67,310) 4.8% (118,989) 1.90 1.88–1.92
Sleep disturbance (780.53) 7.7% (89,041) 4.6% (97,258) 1.74 1.72–1.75
Nonorganic sleep disorder (307.43) 9.8% (13,140) 5.5% (173,159) 1.85 1.82–1.89
Chronic fatigue or malaise§ (780.71 or
780.79)

8.8% (40,884) 5.2% (145,415) 1.77 1.75–1.79

Medications
Artificial tears 10.3% (62,812) 4.6% (123,487) 2.36 2.34–2.38
Cyclosporine 19.4% (177) 5.7% (186,122) N/A N/A
Analgesics 6.3% (176,464) 2.1% (9835) 3.20 3.13–3.37
Antidepressants 8.6% (80,464) 4.5% (105,835) 1.97 1.95–1.99
Anxiolytics 7.4% (115,873) 4.1% (70,426) 1.87 1.85–1.89

Logistic regression analysis evaluating the risk of specific diagnoses on the presence of ocular pain.

* P-value ,0.0005 for all.

† IASP classification of chronic pain, Second Edition, 2011, https://www.iasp-pain.org/PublicationsNews/Content.aspx?ItemNumber51673&navItemNumber5677.

‡ Yunus classified pain entities into those with functional vs structural central sensitization.

§ Refers specific to conditions which were mentioned in Yunus review. Members of central sensitivity syndrome (CSS) family—Classification from Ref. 56.

CI, confidence interval; IASP, International Association for Study of Pain; ICD, international classification of diseases; N/A, not available due to unstable values.
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immune activity and inflammation, such antibody production and
clearance, cytokine production, and immune cell proliferation.6,23

It remains unclear if similar candidates will remain important in
non–Sjogren syndrome DE.

As with all studies, our results must be considered bearing in
mind the limitations of our research. In this study, data are
arranged so that every unique patient seen during the period was

placed on a row followed by a yes or no response for the items of
interest. Given this format, in this article, we focus on the period
prevalence of DE and pain conditions and cannot ascertain
incidence or which diagnosis came first. This is an important
avenue of future study. In a similar manner, only certain data
could be automatically extracted from the database and as such
we could not confirm the diagnosis by comparison with clinical

Table 3

Frequency of tear film dysfunction in those with and without specific diagnoses.

% Tear film dysfunction DE
in those with condition (number)

% Tear film dysfunction DE in
those without condition (number)

Odds ratio* 95% CI

Conditions classified as generalized syndromes†
and functional pain disorders‡ (ICD-9 code)
Fibromyalgia or muscle pain§ (729.1) 37.5% (112,361) 25.0% (742,119) 1.80 1.79–1.81
Migraine§ (346.00–346.93) 31.2% (72,679) 25.8% (781,801) 1.31 1.30–1.32
Chronic pain or syndrome (338.2 or 338.4) 34.6% (109,854) 25.3% (744,626) 1.57 1.56–1.58
Central pain syndrome (338.0) 40.8% (694) 26.2% (854,786) 1.95 1.77–2.15

Conditions classified as generalized syndromes†
and structural pain disorders‡ (ICD-9 code)
Rheumatoid arthritis (714.0–714.2) 40.2% (31,261) 25.8% (823,219) 1.93 1.90–1.96
Osteoarthritis (7153) 33.1% (501,742) 20.1% (352,738) 1.97 1.96–1.98
Arthritis (716.50–716.99 or
719.80–719.99)

36.5% (230,749) 23.7% (623,731) 1.85 1.84–1.87

Postoperative pain (338.22 or 338.28 or
709.2)

37.7% (38,575) 25.8% (815,905) 1.74 1.72–1.76

Diabetic neuropathy (250.63 or 357.2) 36.1% (152,132) 24.7% (702,348) 1.72 1.71–1.73

Conditions classified as regional syndrome† and
functional pain disorders‡ (ICD-9 code)
Headaches (3393 or 784.0 or 307.81) 33.9% (214,748) 24.3% (639,732) 1.60 1.59–1.61
Tension headache§ (307.81 or
339.1–339.12)

36.1% (19,490) 26.0% (834,990) 1.61 1.58–1.63

Back pain§ (724.1 or 724.2 or 724.5) 30.8% (516,152) 21.3% (338,328) 1.65 1.64–1.66
Temporomandibular joint dysfunction§
(524.6)

38.9% (30,139) 25.9% (824,341) 1.82 1.80–1.85

Digestive symptoms (787.00–787.3 or
787.60–787.99)

34.8% (325,513) 22.7% (528,967) 1.82 1.81–1.83

Abdominal pain (789.03 or 789.63 or
557.1)

34.8% (280,787) 23.3% (573,693) 1.75 1.74–1.76

Pelvic pain§ (625.0–625.4 or 625.7–625.9) 35.6% (17,190) 26.0% (837,290) 1.57 1.54–1.60
Irritable bowel syndrome§ (564.1) 36.9% (37,395) 25.8% (817,085) 1.68 1.66–1.70

Conditions classified as regional syndromes†
and structural pain disorders‡ (ICD-9 code)
Sciatica (724.3) 35.0% (73,438) 25.6% (781,042) 1.57 1.56–1.59
Postherpetic neuralgia (053.19) 40.8% (9863) 26.1% (844,617) 1.95 1.90–2.00
Neoplasm-related pain (338.3) 32.2% (2160) 26.2% (852,320) 1.34 1.27–1.41

Individual central sensitivity syndrome (ICD-9
code)
Complex regional pain syndrome§ (337.2 or
733.7)

37.5% (4427) 26.1% (850,053) 1.70 1.64–1.76

Mental health disorders (ICD-9 code)
Anxiety (300.03) 30.1% (263,135) 24.7% (591,345) 1.31 1.30–1.32
Depression (296.20–296.39 or 300.4 or
311)

29.6% (415,656) 23.6% (438,824) 1.36 1.35–1.37

Posttraumatic stress disorder§ (309.81) 29.8% (230,656) 25.0% (623,824) 1.27 1.26–1.28
Sleep disturbance (780.53) 31.3% (360,931) 23.4% (493,549) 1.50 1.49–1.50
Nonorganic sleep disorder (307.43) 32.8% (44,044) 25.9% (810,436) 1.40 1.38–1.41
Chronic fatigue or malaise§ (780.71 or
780.79)

36.2% (167,803) 24.5% (686,677) 1.74 1.73–1.76

Medications
Artificial tears 62.9% (383,250) 17.7% (471,230) 7.87 7.82–7.91
Cyclosporine 95.7% (875) 26.1% (853,605) N/A N/A
Analgesics 27.9% (779,201) 15.8% (75,279) 2.07 2.05–2.08
Antidepressants 32.2% (302,009) 23.7% (552,471) 1.53 1.52–1.54
Anxiolytics 29.8% (464,704) 22.8% (389,776) 1.44 1.43–1.45

Logistic regression analysis evaluating the risk of specific diagnoses on the presence of tear film dysfunction.

* P-value ,0.0005 for all.

† IASP classification of chronic pain, Second Edition, 2011, https://www.iasp-pain.org/PublicationsNews/Content.aspx?ItemNumber51673&navItemNumber5677.

‡ Yunus classified pain entities into those with functional vs structural central sensitization.

§ Refers specific to conditions which were mentioned in Yunus review. Members of central sensitivity syndrome (CSS) family—Classification from Ref. 56.

CI, confidence interval; DE, dry eye; IASP, International Association for Study of Pain; ICD, international classification of diseases; N/A, not available due to unstable values.

6 C.J. Lee et al.·2 (2017) e629 PAIN Reports®

https://www.iasp-pain.org/PublicationsNews/Content.aspx?ItemNumber=1673&tnqh_x0026;navItemNumber=677


notes, determine whether DE was the presenting diagnosis,
ascertain the chronicity of DE and other pain diagnoses, or
identify which physician made the diagnosis or the intention
behind the diagnosis. Furthermore, ICD-9 coding does not
capture the full complexity of DE, wheremanifestations can range
from mostly symptoms, mostly signs, or by an overlap in
symptoms and signs. Because of inherent limitation with ICD-9
coding methodology, we were unable to access information
necessary to use IASP axis II, III, IV, and V classifications; as
a result, this study primarily used IASP axis I regional classification

of chronic pain. Finally, veterans represent a unique population
with a male predominance and a high frequency of mental health
disorders and chronic pain diagnoses. Despite these limitations,
our study provides the benefit of using a very large nationwide
database to evaluate our research questions. To conclude, this
study provides further evidence that the frequency of DE
increases with increasing numbers of nonocular pain conditions
and should be considered a COPC group member. These
findings suggest that pain specialists who screen for DE
symptoms in those with COPC, and work with eye care providers

Figure 3. Frequencies of tear film dysfunction by number of pain diagnoses. Pain conditions included all those listed in Table 2 (other thanmental health disorders).

Figure 4. Frequencies of ocular pain by number of pain diagnoses. Pain conditions included all those listed in Table 2 (other than mental health disorders).
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to optimize both topical and systemic therapy, may improve
patient outcomes.
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