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Abstract
Objective—To estimate the prevalence and risk factors for DED among US men.

Methods—Cross-sectional prevalence survey among male participants aged 50y and older in the
Physicians’ Health Studies | (N=18,596) and Il (N=6,848). We defined DED as the presence of
clinically diagnosed dry eye or severe symptoms (both dryness and irritation constantly or often).
We calculated the age-standardized prevalence of DED adjusted to the age distribution of US men
in 2004, and projected estimates forward to 2030. We compared DED prevalence to a similar cohort
of women, and examined associations with possible risk factors.

Results—The prevalence of DED increased with age, from 3.90% among men 50-54y old to 7.67%
among men 80y and older (P for trend <0.0001). High blood pressure (OR=1.28; Cl=1.12-1.45) and
benign prostatic hyperplasia (OR=1.25; Cl=1.09-1.44) were associated with a higher risk of DED.
Use of antidepressants, antihypertensives, and medications to treat benign prostatic hyperplasia were
also associated with increased risk of DED. The age-standardized prevalence of DED was 4.34%,

or 1.68 million men aged 50y or older, and is expected to affect over 2.79 million US men by 2030.

Conclusions—DED is prevalent and increases with age, hypertension, benign prostatic
hyperplasia and antidepressants.
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Introduction

Dry eye is one of the most prevalent eye diseases and reasons for seeking eye care among older
people. It is an important public health problem, causing increased risk of ocular infections
and bothersome symptoms of ocular discomfort, fatigue, and visual disturbance that interfere
with crucial activities such as reading, working on a computer, and driving a car (1-3). Studies
over the past decade have identified older age, female sex, reduced androgen levels, exogenous
estrogen use, and an imbalance in the dietary intake of essential fatty acids as important risk
factors for dry eye disease (DED) (1,4-7). A large-scale study of participants’ in the Women’s
Health Study estimated that 3.25 million US women aged 50 and older are affected with
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clinically important DED (8). The present study examined the prevalence and risk factors for
DED among 25,444 middle-aged and older men participating in the Physicians’ Health Studies
I and/or 11 (PHS I and PHS 11).

Design and Methods

Study Subjects

The PHS 1 began in 1982 as a randomized, double-masked, placebo-controlled trial of aspirin
and beta-carotene for the primary prevention of cardiovascular disease and cancer among
22,071 US male physicians (9). The PHS Il is a randomized, double-masked, placebo-
controlled factorial trial of alternate day beta-carotene, alternate day vitamin E, daily vitamin
C, and a daily multivitamin in the prevention of cardiovascular disease, total and prostate
cancer, cataract and macular degeneration (10). Beginning in 1999, after the end of the
randomized component of PHS I, the PHS |1 enrolled 7644 willing and eligible PHS |
participants, as well as 7000 newly recruited US physicians aged 55 years and older. The
remaining PHS | participants who elected not to enroll in PHS 11 continue to be followed with
annual questionnaires. Because of their medical training, PHS participants have reliably
reported specific details about their health. Participants receive mailed questionnaires every
year on which they record a number of health-related exposures and any health outcomes
experienced over the previous year. The PHS | and Il are approved by the Human Subjects
Committee at Brigham and Women’s Hospital, and all subjects gave informed consent.

Ascertainment of DED

Assessment of DED was conducted following the previously reported and validated protocol
that was also used in the Women’s Health Study (4,6,8,11). We asked participants three
questions pertaining to diagnosis or symptoms of DED: 1) ‘Have you ever been diagnosed by
aclinicianas having dry eye syndrome?’ 2) *‘How often do your eyes feel dry (not wet enough)?’
3) “How often do your eyes feel irritated?” Possible answers to the two questions about
symptoms included ‘constantly’, ‘often’, ‘sometimes’, or ‘never’. These questions were
previously found to provide high specificity for the diagnosis of dry eye. For our primary
analyses, we defined DED as the presence of either a previous clinical diagnosis of DED or
severe symptoms (both dryness and irritation either constantly or often). We also analyzed
separately clinically diagnosed DED and severe DED symptoms.

Statistical Analysis

We combined data from the PHS | and PHS Il and calculated the prevalence of DED in this
study population overall, as well as according to age in 5-year categories, geographic region
(South, West, Midwest, Northeast, or other, based on US census regions), and race/ethnicity
(White, Black/African American, Hispanic, Asian/Pacific Islander, Native American/Alaskan
Native, or other). Then, using US census figures for US men in 2004 and projected estimates
for 2030, we used the direct-adjustment method to calculate age-adjusted prevalence of DED
among US men currently, and projected estimates for the year 2030, respectively. Projections
assumed current rates of DED. We also compared rates of DED in women versus men by
directly standardizing and comparing rates derived from the Women’s Health Study (for
women) and PHS (for men) using US census estimates for the total population in 2000. To
evaluate potential risk factors, we constructed multivariable logistic regression models using
a dichotomous outcome variable that indicated whether or not a study participant had DED,
and indicator variables for each demographic characteristic or other potential risk factor. From
these models, we obtained odds ratios (OR) and their corresponding ninety-five percent
confidence intervals (CI). The risk factors evaluated were selected based on specific hypotheses
regarding dry eye pathogenesis, and included age, benign prostatic hyperplasia, and history of
hypertension (treated and untreated) and diabetes.
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In the PHS Il population, we had additional information on some commonly used medication
groups that have biologically plausible associations with DED. Thus, in this subgroup, we
further evaluated possible associations with reported use medications for treatment of benign
prostatic hyperplasia and hypertension, as well as reported use of antidepressants and statin
medications. Finally, we also had information on diagnosis of rheumatoid arthritis in this
subgroup and evaluated its association with DED.

We assessed the prevalence of dry eye among 25444 men, including 18596 original participants
in the PHS 1, and 6848 men who did not participate in PHS | but were randomized into the
PHS 11, representing 93.8% of men who were potentially eligible for this study of DED. The
age range of the men in the study was from 50 to 99 years (median=64.4 years) and 90.6% of
the men where white (Table 1). The men resided in all regions of the US, with the largest
proportion living in the South (39.1%). A total of 1103 men (4.3%) reported a clinical diagnosis
or severe symptoms of DED.

The distribution of symptoms in the population showed 204 men (0.8%) who experienced
dryness constantly, 924 (3.6%) often, 4716 (18.5%) sometimes, and 19597 (77.0%) never. For
symptoms of irritation, 126 (0.5%) men reported experiencing irritation constantly, 1050
(4.1%) often, 10622 (41.8%) sometimes, and 13644 (53.6%) never. Considering both
symptoms together, the proportion of the population experiencing at least one symptom
sometimes or more frequently was 49.2%, whereas 21.8% of men reported both symptoms at
least sometimes. There were 6.8% of men who reported experiencing at least one symptom
constantly or often, and 2.2% who reported experiencing both dryness and irritation either
constantly or often. Less than half (40.7%) of the men with severe symptoms reported a history
of a diagnosis of dry eye, and the probability of having such a diagnosis increased significantly
with age (P<0.001). Overall, diagnosed dry eye was reported by 765 men (3.0%). Of the 765
men with diagnosed dry eye, 232 men (30.3%) also reported severe symptoms, 528 men
(69.0%) had less severe symptoms, and 5 men (0.7%) did not provide data on dry eye
symptoms. Among men with diagnosed dry eye, older men tended to be more likely than
younger men to have a concurrent complaint of severe symptoms, but this trend was not
statistically significant (P=0.14).

Men aged 75 years and older were more likely to have DED. The observed prevalence rose
from 3.9% among men aged 50-54 years to 7.7% among men aged 80 and older (P for
trend<0.0001). Adjusting the observed age-specific prevalence of DED in the PHS to US
census estimates for men in 2004 resulted in an overall population adjusted estimate of 4.4%
for men aged 50 and older in the US. This translated into an estimated 1.68 million men aged
50 and older in the US with dry eye. Given that DED becomes more prevalent among the 75
years and older group, we were interested to see what impact the projected growth of the older
segments of our population would have on the magnitude of the DED among the US male
population. Estimates obtained using projected 2030 census figures and the observed
prevalence of DED in the PHS, showed a predicted growth to 2.79 million US men affected
by DED in 2030.

For comparison of the prevalence of DED in men and women, we calculated the ratio of
prevalence of dry eye among women versus men in each age group and used the age distribution
of the US population as a whole (men and women) as a common standard to calculate an age-
standardized prevalence ratio. These analyses demonstrated a significantly higher prevalence
of DED among women in all age groups (Figure), and the age-standardized ratio reflected a
70% higher prevalence among women versus men in the 50 years and older group as a whole
(Figure).
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After controlling for age and other variables, there were no substantial differences in the
prevalence of DED among men by either race or geographic region of the US (Table 2). There
was also no significant difference in the prevalence of DED among men with and without
diabetes mellitus. In contrast, men with treated or untreated hypertension (OR=1.28, CI=1.12
to 1.45) and men with benign prostatic hyperplasia (OR=1.26, CI=1.09 to 1.44) were
significantly more likely to have DED. In an alternative model in which we considered only
treated cases of hypertension, we also observed a significant association between use of
antihypertensive medications and DED (OR=1.28, CI=1.12 to 1.46).

Information on medication use and rheumatoid arthritis was available among 6034 men, among
whom 446 had DED. After controlling for age and other variables, we observed a significant
association between the use of medications to treat benign prostatic hyperplasia (OR=1.35,
ClI=1.01to 1.80) and DED. In addition, men who used antidepressants had a nearly two-fold
higher risk of DED compared to men who did not use these drugs (OR=1.90, CI=1.39t0 2.61).
On the other hand, there was no significant association between use of antihypertensive
medications and DED among this subgroup of men (OR=1.15, CI=0.93 to 1.43). Use of statin
drugs was not associated with DED (OR=1.07, C1=0.85 to 1.34). Finally, there was a non-
significant trend toward a higher risk of DED men with rheumatoid arthritis (OR=1.90, CI1=0.90
to 4.02), however the confidence interval was wide due to the small number of men with this
diagnosis (n=53).

Discussion

The present study estimates that approximately 1.68 million men aged 50 and older are affected
with DED in the US. These data derived from studying over 25000 men, show a significantly
lower prevalence of DED than was found in a similar study using the same methodology among
US women, among whom the prevalence was estimated at 3.23 million women (8).
Nonetheless, there is a significant increase in the prevalence of DED among with age among
men, as is the case among women; and there is a predicted growth to 2.79 million US men
affected by DED in 2030. There are no significant variations in the prevalence of DED among
the racial/ethnic groups represented in the PHS, or within US geographical regions.
Hypertension and benign prostatic hyperplasia are associated with an increase in the prevalence
of DED in this population. Medications associated with DED included drugs to treat
hypertension and benign prostatic hyperplasia, and antidepressants.

Since the prevalence of DED is related to factors such as hypertension and benign prostatic
hyperplasia, the prevalence estimates we present might differ somewnhat from the true
prevalence among US men because our study was carried out in a cohort of initially healthy
male physicians. The PHS population includes men from across the US, however, and although
participants were required to be free of cardiovascular disease and cancer at the start of the
PHS, many of them had developed comorbid conditions during their many years of
participation in the PHS and prior to our assessment of DED. Other epidemiological studies
of DED have been restricted to single towns or cities (12-15) and these populations are also
likely to differ from the general US population in important ways. Nevertheless, since one prior
study found a higher prevalence of DED among people with a higher number of comorbidities
(14), and we also find significant associations with two common medical conditions in this
age group, it is important to keep in mind that prevalence estimates may be affected by the
prevalence of comorbid conditions in any population studied.

Another potential limitation relates to our assessment of DED using self-reports of clinically
diagnosed dry eye and severe symptoms. There is growing international consensus, however,
that such methods are valuable for studies of DED and provide useful information about its

public health significance because these symptoms have a substantial impact on vision related
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quality of life in DED patients (1,2,16). Clinicians in practice also rely heavily on the evaluation
of dry eye symptoms for both the diagnosis of DED and patients’ responses to treatment (17,
18). Our validated questionnaire and strict criteria to identify men as having DED has been
shown to achieve a good balance of sensitivity and specificity versus commonly used clinical
tests for DED (11). It remains possible that some of the men in our study may have experienced
symptoms of both dryness and irritation from something other than dry eye, but it was not
possible to perform standardized clinical examinations in such a large and geographically
dispersed cohort. Several other factors such as the lack of correspondence between symptoms
and other clinical signs of DED, under-diagnosis of the condition in the US population, the
healthy nature of our study populations, and the high threshold for our definition of DED based
on symptoms alone, suggest that our estimates might represent a lower bound of the prevalence
of DED in the population and that the true prevalence, particularly of less severe disease, is
likely to be substantially higher. The estimates we provide of the prevalence of DED are based
on the presence of either severe symptoms or a reported clinical diagnosis of dry eye and should
accordingly encompass many clinically significant cases with only milder symptoms as well
as undiagnosed cases of DED with severe symptoms.

DED has received recognition as a common ocular problem for older women, but there have
been fewer data to describe the magnitude of the problem and its risk factors among US men.
Estimates from the present study, the largest study to date on DED among men, show that 1.68
million men in the US have DED of sufficient severity to meet our definition. Because of the
use of similar populations and methodologies, we were able to directly compare this estimate
to our prior estimate of the prevalence of DED among women and these analyses confirm the
lower prevalence of DED among men. The reason for this is not entirely clear, but several lines
of evidence implicate a role for sex steroid hormone levels.

The meibomian gland is a large modified sebaceous gland that produces the tear film lipid
layer. Aging is associated with the development of meibomian gland dysfunction, which
promotes tear film instability and evaporative dry eye. Of interest, some of the anatomical and
physiological modifications of the meibomian gland during aging have been linked to androgen
deficiency (19), concurring with androgenic control of sebaceous glands in the skin (20). Both
the observations of a higher prevalence of dry eye among women and an increasing prevalence
of DED with aging in both sexes are also consistent with the hypothesis that loss of androgen
support can contribute to an increased risk of DED. Androgen levels are higher in men than in
women throughout life, and both sexes experience a decline in bioavailable androgen levels
during aging (21-24). The range of effects of the decline in androgen bioavailability with aging
are only beginning to be elucidated, and it seems plausible that these age-related declines in
the androgen pool might be related to the development of DED.

We also found that men with a diagnosis of benign prostatic hyperplasia and those using
medications to treat this condition were more likely to have DED. We speculate that these
findings could possibly relate to use of anti-androgen therapy, as a prior clinical study showed
that men receiving anti-androgen drugs had significant adverse changes in several measures
of ocular surface health (25,26). Indeed, androgen deficiency could provide a unifying
explanation for observations of a higher prevalence of DED in aging, menopause, complete
androgen insufficiency syndrome, and Sjogren’s syndrome (27-30). The lack of data specific
to the use of anti-androgen medications in the present study is a major limitation, however,
that leaves the door open to confounding or chance. In that regard, the use of alpha-1 adrenergic
receptor blockers is an even more common treatment for benign prostatic hyperplasia than anti-
androgens are. As the conjunctiva is reported to express alpha-1 receptors (31), potential effects
of these drugs on the ocular surface may be plausible, though it is unclear whether they would
be beneficial or harmful. Future study of the possible effects of these medications on the ocular
surface is needed to address these issues.
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We observed a strong association between the use of antidepressant medications and risk of
DED, a finding consistent with data from at least two other epidemiological studies (32,33).
In contrast, dry eye is not common in the reporting of clinical trials of antidepressant drugs,
whereas dry mouth is prevalent (34,35). However, this may be a methodological issue, as side
effects in such trials are often assessed by spontaneous reporting by patients or by closed-ended
lists that do not include dry eye (36). For example, a recent study presented patients with a list
of 17 common side effects reported by patients taking antidepressants. The only ocular
symptom on the list was blurred vision, which was reported by 11% of patients. In light of the
knowledge that DED is known to cause fluctuating visual blur, one wonders whether the blurred
vision reported by patients could have been due at least in part to DED.

Men with hypertension were also more likely to report dry eye in the present study, and treated
hypertension was significant associated with DED in the full cohort. A previous cross-sectional
study found a significantly higher prevalence of symptoms of dry eye or dry mouth among
people who took diuretics or other hypotensive medications (33). A more recent study of found
a borderline increased risk of DED with use of diuretics, but a decreased risk of DED with use
of ACE inhibitors (32). In our subgroup analysis on a smaller group of men, we did not find a
significant association with the use of antihypertensive medications generally, but specific data
on which medications were being used (i.e. diuretics versus ACE inhibitors or other types) was
not available and may have diluted underlying associations.

In the present study there was no association between use of statins and risk of DED. We
examined this association in view of reported immunosuppressive effects of statins that could
impact development of DED (37). In addition, statins were shown to decrease ocular surface
damage in graft-versus-host disease, a T-cell mediated condition in which dry eye is a frequent
complication (38). However, although T cells are also implicated in mediating development
of DED (39,40), we did not observe an association with statins in this study. Future studies of
systemic medications and risk of DED would be informative.

In summary, we estimate that 1.68 million US men aged 50 and older currently suffer from
clinically important DED, and this number is likely to grow to an estimated 2.79 million by
2030. Although this number is only about half the estimated prevalence of DED among women
in the same age group, it points to a substantial burden of disease in this segment of the US
population. Our data indicating a high frequency of less severe symptoms, suggest that the
inclusion of milder cases of DED would swell prevalence estimates considerably. Given the
increasing recognition of the adverse visual impact of DED, and the high level of bother patients
report due to its irritative symptoms, we hope that these data from a large and well-characterized
group of US men will provide further motivation for clinicians and researchers to understand
this disease and develop more effective and targeted interventions for patients.
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Figure 1.

The Figure depicts the rate ratio for dry eye disease within 5-year age groups among 36,995
women participating in the Women’s Health Study [REF] compared to the prevalence observed
in the present study of 25,444 men participating in the Physicians’ Health Studies | and II. The
black boxes indicate the rate ratios and the horizontal bars show the 95% confidence interval
for the rate ratio within each age group. The size of the box is proportional to the number of
subjects in each age group. The unfilled diamonds show the overall rate ratio comparing the
prevalence of dry eye disease in women versus men in these two studies based on the observed
data (top diamond), an age-standardized estimate derived by using the age distribution of the
US population as a whole (men and women) as a common standard to calculate an age-
standardized prevalence ratio (bottom diamond). The horizontal lines passing through the
diamonds depict the 95% confidence intervals for these rate ratios.
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Demographic Characteristics of the N=25444 Participants in the Physicians’ Health Studies I and Il with

Table 1

Information on Dry Eye Disease

Characteristic

Total in Category  Number (%) With DED”

Age
50 - 54 2513
55-59 5936
60 - 64 4805
65— 69 4326
70-74 3554
75-79 2433
80 + 1877

Race/ethnicity
White 23056
African American 609
Asian/Pacific Islander 241
Hispanic 1182
Unknown, Other 356

Region of residence’
West 5668
Midwest 6561
Northeast 5622
South 7417
Outside of US (including Puerto Rico, Guam and other US 176

territories)

98 (3.90)
197 (3.32)
145 (3.02)
173 (4.00)
184 (5.18)
162 (6.66)
144 (7.67)

993 (4.31)
30 (4.93)
14 (5.81)
53 (4.48)
13 (3.65)

249 (4.39)
284 (4.33)
233 (4.14)
324 (4.37)
13 (7.39)

*
DED = dry eye disease, defined as a reported clinical diagnosis or symptoms of both dryness and irritation either constantly or often

Fk

According to US census region
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Table 2
Predictors of Clinically Important Dry Eye Disease in US Men

Variable Odds Ratio 95% Confidence Interval
Age

50 - 54 1.00

55-59 0.81 0.64-1.04

60 - 64 0.72 0.55-0.93

65— 69 0.92 0.71-1.20

70-74 1.18 0.92-1.53

75-79 151 1.15-1.97

80 + 1.76 1.34-2.32

Race/ethnicity

White 1.00

African American 1.13 0.76-1.68
Asian/Pacific Islander 1.36 0.79-2.35
Hispanic 1.25 0.93-1.67
Unknown, Other 0.93 0.53-1.63

Region of residence

South 1.00

West 0.93 0.53-1.63
Midwest 1.01 0.85-1.18
Northeast 0.96 0.81-1.14
Other 161 0.85-3.04

Hypertension

No 1.00

Yes 1.28 1.12-1.45
Benign Prostatic Hyperplasia

No 1.00

Yes 1.26 1.09-1.44
Diabetes Mellitus

No 1.00

Yes 0.97 0.74-1.24
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