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! PURPOSE: Dry eye syndrome (DES) is believed to be
one of the most common ocular problems in the United
States (US), particularly among older women. However,
there are few studies describing the magnitude of the
problem in women and how this may vary with demo-
graphic characteristics.
! DESIGN: Cross-sectional prevalence survey.
! METHODS: Study population: we surveyed 39,876 US
women participating in the Women’s Health Study about
a history of diagnosed DES and dry eye symptoms. Main
outcome measure: we defined DES as the presence of
clinically diagnosed DES or severe symptoms (both dry-
ness and irritation constantly or often). We calculated
the age-specific prevalence of DES and adjusted the
overall prevalence to the age distribution of women in the
US population. We used logistic regression to examine
associations between DES and other demographic factors.
! RESULTS: The prevalence of DES increased with age,
from 5.7% among women < 50 years old to 9.8% among
women aged > 75 years old. The age-adjusted prevalence
of DES was 7.8%, or 3.23 million women aged > 50 in
the US. Compared with Whites, Hispanic (odds ratio
[OR] ! 1.81, confidence interval [CI] ! 1.18–2.80) and
Asian (OR ! 1.77, CI ! 1.17–2.69) women were more
likely to report severe symptoms, but not clinically
diagnosed DES. There were no significant differences by
income (P[trend] ! .78), but more educated women were
less likely to have DES (P[trend] ! .03). Women from the
South had the highest prevalence of DES, though the
magnitude of geographic differences was modest.

! CONCLUSIONS: Dry eye syndrome leading to a clinical
diagnosis or severe symptoms is prevalent, affecting over
3.2 million American women middle-aged and older.
Although the condition is more prevalent among older
women, it also affects many women in their 40s and 50s.
Further research is needed to better understand DES and
its impact on public health and quality of life. (Am J
Ophthalmol 2003;136:318–326. © 2003 by Elsevier
Inc. All rights reserved.)

T HE TEAR FILM IS FUNDAMENTAL TO THE MAINTE-
nance of the ocular surface. Deficiencies in tear
quantity or quality, which can be caused by low tear

production or excessive tear evaporation, result in an
unstable tear film and dry eye syndrome (DES).1 Dry eye
syndrome is characterized by symptoms of ocular dryness
and discomfort. Dry eye syndrome has been demonstrated
to affect functional visual acuity2 and impact the ability to
work, read, use a computer or bank machine, and drive at
night.3 Dry eye symptoms can be debilitating and affect
psychologic health and overall sense of well being. In addi-
tion, DES leads to increased risk of infection and visual
impairment.4 Although a number of treatments of varying
efficacy exist, there is no known cure for DES, which is one
of the leading causes of patient visits to ophthalmologists and
optometrists in the United States (US).4 The National Eye
Institute (NEI) has identified tear film and dry eye research as
important areas in need of further study.5 Although clinical
observations have long suggested that DES is more common
in women, particularly among older women, there are few
epidemiologic data available to describe the magnitude of the
problem of DES among women. The present study examined
the prevalence of DES among middle-aged and older women
participating in the Women’s Health Study (WHS).

METHODS

! STUDY PATIENTS. Participants in the present study
included the 39,876 health professionals ages 45 to 84
years old in 1992 who are enrolled in the WHS, a
randomized trial designed to assess the benefits and risks of
aspirin and vitamin E in the primary prevention of
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cardiovascular disease and cancer in healthy women.6
Because of their training in nursing or other areas of health
care, participants have reliably reported specific details
about their health. Participants receive mailed question-
naires every year on which they record a number of
health-related exposures and any health outcomes experi-
enced over the previous year. This study was approved by
the Human Subjects Committee at Brigham and Women’s
Hospital, and all participants gave informed consent.

! DRY EYE SYNDROME ASCERTAINMENT. Our assess-
ment of DES has been described previously.7 Briefly, on
the 4-year WHS follow-up questionnaire we included the
following three questions pertaining to diagnosis or symp-
toms of DES: (1) have you ever been diagnosed by a
clinician as having dry eye syndrome? (2) how often do
your eyes feel dry (not wet enough)? and (3) how often do
your eyes feel irritated? Possible answers to the two
questions about symptoms included “constantly,” “often,”
“sometimes,” or “never.” These two questions were previ-
ously found to provide nearly the same predictability as a
longer 14-item questionnaire and had a sensitivity of
approximately 60% coupled with a specificity of 94%
compared with a clinical diagnosis of dry eye.8 For our
primary analyses, we defined DES as the presence of either
a previous clinical diagnosis of DES or severe symptoms
(both dryness and irritation either constantly or often).
We also analyzed separately clinically diagnosed DES and
severe DES symptoms.

! VALIDATION STUDY. To investigate the performance
of our short dry eye questionnaire, we selected a sample of
450 women to whom we administered a longer dry eye
symptom questionnaire by mail (90%) or phone (10%).
Selection was based on participants’ responses to the initial
questionnaire to obtain a subsample with approximately
one third of patients with either severe symptoms or a
history of diagnosed DES, one third with strongly negative
symptoms (a response of “never” to both symptom ques-
tions), and one third with intermediate responses to the
two symptom questions (that is, at least one symptom
sometimes or more frequently but not severe symptoms).
We assessed the repeatability of the dryness and irritation
questions using the intraclass correlation coefficient among
the 408 respondents (91%), which revealed a correlation
of 0.75 for dryness and 0.65 for irritation. In addition,
responses to the dryness and irritation questions correlated
highly with the total symptom score (r ! .75), which
included symptoms of dryness, irritation, sandy or gritty
feeling, burning or stinging, pain, itching, light sensitivity,
blurry vision, tiredness, soreness, scratchiness, redness,
stickiness, achy feeling, watery eyes, and swollen eyelids.
Further, we performed a standardized clinical examination
on 27 study participants from the New England area. In
this subgroup, 13 were determined to have DES based on
an a priori clinical definition of a Schirmer test score ! 5

mm in at least one eye or a rose bengal staining score " 3
in at least one eye9 and 14 patients did not meet these
criteria. Of the 13 patients who met our clinical criteria, 10
had been classified as having DES based on their responses
to our initial study questionnaire (that is, either severe
symptoms or clinically diagnosed DES) corresponding to a
sensitivity of 77% for our questionnaire-based instrument
vs clinical examination. Of the 14 patients who did not
have DES based on clinical criteria, 12 had also been
classified as normal based on our initial study questionnaire
(specificity ! 86%).

! STATISTICAL ANALYSIS. In our initial analyses, we
calculated the prevalence of DES overall, as well as
according to demographic characteristics including: age
(in 5-year categories); geographic region (South, West,
Midwest, and Northeast, based on US census regions);
race/ethnicity (White, Black/African-American, Hispanic,
Asian/Pacific Islander, Native American/Alaskan Native,
or other); education (licensed nurse training, 2-year asso-
ciate’s degree, 3-year registered nurse diploma, bachelor’s
degree, master’s degree, and doctoral degree); and annual
household income levels (" $10,000, $10,000–$19,999,
$20,000–$29,999, $30,000–$39,999, $40,000–$49,999,
$50,000–$99,999, and " $100,000). Using US census
figures for US women in 1999, we used the direct-
adjustment method to calculate age-adjusted prevalence of
DES in the US. Following these analyses, we constructed
multivariable logistic regression models using a dichoto-
mous outcome variable that indicated whether or not a
study participant had DES and indicator variables for each
demographic characteristic. In these models, we also con-
trolled for having had an eye examination in the past 2
years, as well as for use of postmenopausal estrogens only
and estrogens plus progesterone/progestin, which were
found previously to be associated with the prevalence of
DES.7 From these models, we obtained odds ratios (OR)
and their corresponding 95% confidence intervals (CI). In
additional analyses, we fit models to examine predictors of
clinically diagnosed DES among the subgroup of women
who reported severe symptoms, as well as models to
examine predictors of severe symptoms among women who
had clinically diagnosed DES.

RESULTS

OF THE 39,876 PARTICIPANTS IN THE WHS, 38,124 (96%)
returned the questionnaire on which we assessed DES.
Among these women, 36,995 (97%) answered the three
dry eye questions. The study population ranged in age from
49 to 89 years old (Table 1). Ninety-four percent of the
women indicated they were white, with the largest propor-
tion of women living in the South (31.0%). All women
were health professionals with at least some secondary
education, the majority (74.0%) having a 3-year registered
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nurse diploma or higher. Household income levels varied
from " $20,000 per year for 5.1% of the women to over
$100,000 per year for 11.8% of the women.

A total of 1,743 women (4.7%) reported a clinical
diagnosis of DES. With regard to symptoms of dryness, 381
women (1.0%) reported experiencing dryness constantly,
2,109 (5.7%) often, 10,474 (28.3%) sometimes, and
24,031 (65.0%) never. For symptoms of irritation, 207

(0.6%) reported experiencing irritation constantly, 2,102
(5.7%) often, 18,901 (51.1%) sometimes, and 15,785
(42.7%) never; 61.8% of women reported experiencing at
least one of the symptoms sometimes or more frequently,
30.6% reported both symptoms at least sometimes, 9.5% of
women reported experiencing at least one symptom con-
stantly or often, and 3.4% of women reported experiencing
both dryness and irritation either constantly or often.

TABLE 1. Demographic Characteristics of the 36,995 Participants in the Women’s Health
Study With Information on Dry Eye Syndrome

Characteristic Total in Category Number (%) With DES*

Age (years)
! 49 3,029 173 (5.71)
50–54 13,101 789 (6.02)
55–59 9,047 605 (6.69)
60–64 5,701 393 (6.89)
65–69 3,582 294 (8.21)
70–74 1,851 168 (9.08)
" 75 684 67 (9.80)

Race/ethnicity
White 34,845 2336 (6.70)
African American 800 51 (6.38)
Asian/Pacific Islander 501 37 (7.39)
Hispanic 385 37 (9.61)
American Indian/Alaskan Native 90 9 (10.00)
Other/unknown 63 3 (4.76)
Not indicated 311 16 (5.14)

Region of residence†

West 7,973 550 (6.90)
Midwest 10,318 650 (6.30)
Northeast 7,151 419 (5.86)
South 11,452 864 (7.54)
Outside of US (including Puerto Rico, Guam, and

other US territories)
101 6 (5.94)

Education
LPN or LVN training 4,937 357 (7.23)
2-year Associate’s degree 4,094 290 (7.08)
3-year Registered Nurse Diploma program 11,609 780 (6.72)
Bachelor’s degree 8,504 577 (6.79)
Master’s degree 5,485 342 (6.24)
Doctoral degree 1,761 109 (6.19)
Not indicated 605 34 (5.62)

Household income
" $10,000 296 28 (9.46)
$10,000–19,999 1,585 124 (7.82)
$20,000–29,999 3,505 259 (7.39)
$30,000–39,999 4,968 342 (6.88)
$40,000–49,999 5,782 387 (6.68)
$50,000–99,999 14,361 928 (6.46)
" $100,000 4,370 283 (6.48)
Not indicated 2,128 138 (6.48)

*Total percentages for categories may be slightly higher or lower than 100 due to rounding.
†According to US census regions.

DES ! dry eye syndrome, defined as a reported clinical diagnosis or symptoms of both dryness and
irritation either constantly or often; LPN ! licensed practical nurse; LVN ! licensed vocational nurse.
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When we considered our definition of DES as either a
clinical diagnosis or severe symptoms (that is, both dryness
and irritation either constantly or often), 6.7% of women
in the present study had DES. The prevalence was higher
among older women (9.8% among women " 75 compared
with 5.7% among women under 50 years of age, Table 1).
Adjusting the age-specific prevalences of DES from the
present study to the age distribution of US women in 1999
resulted in an overall estimate of 7.8% for women aged 50
and older in the US. This translated into an estimated 3.23
million women age 50 years old and older in the US with
dry eye. The corresponding age-standardized prevalence
was 6.1% for clinically diagnosed DES and 3.4% for severe
dry eye symptoms. The age-standardized prevalence of at
least one symptom constantly or often was 9.5%.

After controlling for age and other variables, there were
no substantial differences in the prevalence of DES by race
or household income level (Table 2). Women with higher
levels of education were less likely to report DES (OR !
0.79, CI ! 0.61 to 1.01 for doctoral degree vs licensed
nurse training, P[trend] ! 0.03). Women from the Midwest
(OR ! 0.91, CI ! 0.86–0.96) and Northeast (OR ! 0.94,
CI ! 0.90–0.98) were somewhat less likely to have DES
compared with women from the South. Although results
were generally similar in separate models for clinically
diagnosed DES (Table 3) and for severe DES symptoms
(Table 4), there were two exceptions. First, a higher
prevalence of diagnosed DES among older women (OR !
2.97, CI ! 2.07–4.25 for " 75 vs " 50 years old) was seen
for the clinically diagnosed patients but not for the end
point of severe DES symptoms. Second, both Hispanic
women (OR ! 1.81; CI ! 1.18–2.80) and those with
ancestry from Asia/Pacific Islands (OR ! 1.77; CI !
1.17–2.69) were more likely than White women to report
severe symptoms of dry eye, though this was not the case
for clinically diagnosed DES or our combined end point.

In light of these apparent differences, we examined the
probability of having diagnosed DES among women with
severe symptoms of DES, according to demographic factors
that were predictive of at least one definition of DES. In
these analyses, which also adjusted for frequency of eye
examinations as well as postmenopausal estrogen and
estrogen plus progesterone/progestin therapy, older symp-
tomatic women were more likely to be diagnosed with DES
compared with younger symptomatic women (OR ! 4.13;
CI ! 1.46–11.65 for age " 75 vs " 50 years old; P[trend] "
0.0001). Although there was a tendency for lower levels of
diagnosed DES among symptomatic women from the
ethnic minority groups, particularly for Hispanic women
(OR ! 0.47, CI ! 0.18–1.21), these results were not
statistically significant. There were no significant associa-
tions of education (P[trend] ! .4) or region (each P " .5)
with the probability of having diagnosed DES among
symptomatic women.

Among women with diagnosed DES, we also examined
the probability of reporting severe symptoms of DES.

Among women who reported a clinical diagnosis of DES,
older women were less likely to report symptoms compared
with younger women (OR ! 0.60, CI ! 0.28–1.29 for
" 75 vs " 50 years old; P[trend] ! 0.03). There were no
significant differences with respect to region of residence
(each P " .3) or race/ethnicity, but women with Asian/
Pacific Islands ancestry tended to be more symptomatic
(OR ! 2.41; CI ! 0.97–5.97). Diagnosed women with a
higher educational level were somewhat less likely to
report severe symptoms compared with women with lower
levels of education (OR ! 0.64; CI ! 0.38–1.29 for
doctoral degree vs licensed nurse training; P[trend] ! .06).

DISCUSSION

WE FOUND DES TO BE A RELATIVELY COMMON CONDITION
among a large group of middle-aged and older US women.
When adjusted to the age distribution of US women, data
from the present study suggest that over 3.2 million women
age 50 years old and older in the US suffer from DES. The
prevalence of DES appears to increase with age, although
we did not observe a significant age-related increase when
DES symptoms are considered alone. The prevalence of
DES does not appear to vary greatly by race/ethnicity, with
the exception of more prevalent symptoms among His-
panic women and those of Asian/Pacific Islander descent.
Some modest regional differences in the prevalence of DES
were also observed, with the highest prevalence among
women from the South. There was some indication of a
relationship with socioeconomic status, in that women
with higher levels of education generally reported a lower
prevalence of DES.

Because our study was carried out in a cohort of female
health professionals, we cannot be certain that our preva-
lence estimates accurately reflect the prevalence among all
US women. However, there is no evidence to suggest that
the prevalence of DES should be any different in health
professionals per se, so projection of our estimates should at
least roughly reflect the prevalence of DES among US
women unless there are substantial differences in the
prevalence of DES according to factors that differ between
our cohort and women in general. In this regard, it is
impossible to determine how prevalence estimates in our
study, or indeed in other studies, might have been affected
because few risk factors for DES have been identified.
Previous epidemiologic studies of DES, although popula-
tion based, have been restricted to single towns or cit-
ies10–13 that are likely to differ from the general US
population in important ways. In contrast, the WHS
population includes women from across the US. In terms
of potential risk factors for DES, the WHS population is
more healthy than the general population in some respects
and comparable in others. They are less likely to be current
smokers, and smoking has been found to be a risk factor for
DES in one previous study13 though not in others.11,12
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TABLE 2. Logistic Regression Model of Predictors of the Prevalence of Clinically Diagnosed
Dry Eye Syndrome or Severe Symptoms* of Dry Eye Syndrome

Variable Odds Ratio 95% Confidence Interval

Age
! 49 1.00
50–54 1.02 0.86–1.22
55–59 1.12 0.93–1.34
60–64 1.17 0.97–1.43
65–69 1.46 1.18–1.79
70–74 1.69 1.33–2.14
" 75 1.87 1.36–2.58 P(trend) ".0001

Race/ethnicity
White 1.00
African American 0.93 0.69–1.26
Asian/Pacific Islander 1.28 0.90–1.83
Hispanic 1.41 0.98–2.04
American Indian/Alaskan Native 1.40 0.67–2.90
Other/unknown 0.77 0.24–2.48

Region of residence†

South 1.00
West 0.90 0.80–1.01
Midwest 0.91 0.86–0.96
Northeast 0.94 0.90–0.98
Outside of US (including Puerto Rico, Guam,

and other US territories)
0.95 0.80–1.13

Education
LPN or LVN training 1.00
2-year Associate’s degree RN 0.96 0.81–1.15
3-year RN Diploma program 0.90 0.78–1.04
Bachelor’s degree 0.92 0.79–1.07
Master’s degree 0.86 0.72–1.02
Doctoral degree 0.79 0.61–1.01 P(trend) ! .03

Household income
" $10,000 1.28 0.82–1.95
$10,000–19,999 1.00
$20,000–29,999 0.96 0.77–1.21
$30,000–39,999 0.95 0.76–1.19
$40,000–49,999 0.95 0.76–1.20
$50,000–99,999 0.96 0.77–1.19
" $100,000 0.99 0.78–1.27 P(trend) ! .78

*Clinically diagnosed dry eye syndrome was assessed by self-reports from the Women’s Health
Study (WHS) participants. Severe symptoms of dry eye syndrome were defined as a self-report of
both dryness and irritation either constantly or often. The logistic regression model included each of
the variables listed in the table as well as indicators for WHS randomization assignments, having had
an eye examination in the past 2 years, estrogen replacement therapy, and estrogen # progesterone/
progestin replacement therapy; 34,014 women with complete data on dry eye syndrome and all other
variables listed were included in the models. P values for trend were calculated in a separate logistic
regression model containing ordinal variables for levels of age, education, and household income, as
well as the other variables listed in the table and indicators for WHS randomization assignments,
having had an eye examination in the past 2 years, estrogen replacement therapy, and estrogen #

progesterone/progestin replacement therapy.
†Defined according to US Census regions

LPN ! licensed practical nurse; LVN ! licensed vocational nurse; RN ! registered nurse.
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Conversely, WHS participants are more likely to use
postmenopausal hormone replacement therapy, which has
been associated with a higher risk of DES.7 The prevalence

of medical conditions such as obesity, hypertension, and
high cholesterol is comparable to the general population,
so it is unlikely that our estimates were affected by these

TABLE 3. Logistic Regression Model for Demographic Predictors of the Prevalence of
Clinically Diagnosed* Dry Eye Syndrome

Variable Odds Ratio 95% Confidence Interval

Age
! 49 1.00
50–54 1.06 0.85–1.33
55–59 1.27 1.01–1.61
60–64 1.61 1.27–2.05
65–69 2.15 1.67–2.76
70–74 2.48 1.87–3.30
" 75 2.97 2.07–4.25 P(trend) ".0001

Race/ethnicity
White 1.00
African American 0.80 0.55–1.17
Asian/Pacific Islander 1.05 0.67–1.67
Hispanic 1.00 0.61–1.65
American Indian/Alaskan Native 1.54 0.67–3.55
Other/unknown 0.76 0.18–3.12

Region of residence†

South 1.00
West 0.83 0.72–0.96
Midwest 0.90 0.84–0.96
Northeast 0.96 0.91–1.00
Outside of US (including Puerto Rico, Guam,

and other US territories)
0.95 0.78–1.17

Education
LPN or LVN Training 1.00
2-year Associate’s degree RN 0.96 0.78–1.18
3-year RN Diploma Program 0.94 0.80–1.12
Bachelor’s degree 0.93 0.77–1.12
Master’s degree 0.88 0.72–1.08
Doctoral degree 0.78 0.58–1.06 P(trend) ! .09

Household income
" $10,000 1.25 0.76–2.05
$10,000–19,999 1.00
$20,000–29,999 0.91 0.70–1.18
$30,000–39,999 0.95 0.74–1.23
$40,000–49,999 0.94 0.72–1.22
$50,000–99,999 1.01 0.79–1.29
" $100,000 1.05 0.79–1.40 P(trend) ! .45

LPN ! licensed practical nurse; LVN ! licensed vocational nurse; RN ! registered nurse.
*Clinically diagnosed dry eye syndrome was assessed by self-reports from the Women’s Health

Study (WHS) participants. The logistic regression model included each of the variables listed in the
table as well as indicators for WHS randomization assignments, having had an eye examination in the
past 2 years, estrogen replacement therapy, and estrogen # progesterone/progestin replacement
therapy; 34,014 women with complete data on dry eye syndrome and all other variables listed were
included in the models. P values for trend were calculated in a separate logistic regression model
containing ordinal variables for levels of age, education, and household income, as well as the other
variables listed in the table and indicators for WHS randomization assignments, having had an eye
examination in the past 2 years, estrogen replacement therapy, and estrogen # progesterone/
progestin replacement therapy.

†Defined according to US census regions.
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factors. Nevertheless, because one prior study found a
higher prevalence of DES among people with a higher
number of comorbidities,12 our prevalence estimate may be

lower than in the general US population because our
participants were required to be free of cardiovascular
disease and cancer at the start of the WHS.

TABLE 4. Logistic Regression Model of Predictors of the Prevalence of Severe Symptoms*
of Dry Eye Syndrome

Variable Odds Ratio 95% Confidence Interval

Age
! 49 1.00
50–54 0.95 0.76–1.19
55–59 0.95 0.76–1.20
60–64 0.78 0.60–1.01
65–69 0.91 0.69–1.20
70–74 0.90 0.64–1.27
" 75 0.87 0.53–1.44 P(trend) ! .18

Race/ethnicity
White 1.00
African American 1.04 0.71–1.53
Asian/Pacific Islander 1.77 1.17–2.69
Hispanic 1.81 1.18–2.80
American Indian/Alaskan Native 0.92 0.29–2.92
Other/unknown 1.00 0.24–4.12

Region of residence†

South 1.00
West 1.00 0.86–1.17
Midwest 0.92 0.85–1.00
Northeast 0.91 0.86–0.97
Outside of U.S. (including Puerto Rico, Guam,

and other US territories)
0.99 0.80–1.22

Education
LPN or LVN training 1.00
2-year Associate’s degree RN 1.03 0.82–1.29
3-year RN Diploma program 0.79 0.65–0.97
Bachelor’s degree 0.90 0.74–1.11
Master’s degree 0.79 0.62–0.99
Doctoral degree 0.73 0.52–1.04 P(trend) ! 0.02

Household income
" $10,000 1.40 0.70–2.46
$10,000–19,999 1.00
$20,000–29,999 0.80 0.58–1.10
$30,000–39,999 0.82 0.61–1.12
$40,000–49,999 0.78 0.58–1.07
$50,000–99,999 0.78 0.58–1.05
" $100,000 0.81 0.58–1.13 P(trend) ! .18

LPN ! licensed practical nurse; LVN ! licensed vocational nurse; RN ! registered nurse.
*Severe symptoms of dry eye syndrome were defined as a self-report by the Women’s Health Study

(WHS) participants of both dryness and irritation either constantly or often. The logistic regression
model included each of the variables listed in the table as well as indicators for WHS randomization
assignments, having had an eye examination in the past 2 years, estrogen replacement therapy, and
estrogen # progesterone/progestin replacement therapy; 34,014 women with complete data on dry
eye syndrome and all other variables listed were included in the models. P values for trend were
calculated in a separate logistic regression model containing ordinal variables for levels of age,
education, and household income, as well as the other variables listed in the table and indicators for
WHS randomization assignments, having had an eye examination in the past 2 years, estrogen
replacement therapy, and estrogen # progesterone/progestin replacement therapy.

†Defined according to US census regions.
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Another potential limitation of the present study relates
to our assessment of DES using self-reports of clinically
diagnosed DES and severe symptoms. However, evaluation
of dry eye symptoms is relied upon by both clinicians in
practice14,15 and dry eye researchers,4,11–13 and there is
general consensus that symptoms should be considered a
sine qua non of DES.1 Moreover, assessment of DES
symptoms is likely to provide useful information about the
public health significance of DES because clinically impor-
tant ocular surface damage rarely occurs in the absence of
symptoms, and relief of symptoms is a major goal of DES
therapy. In the present study, we tried to achieve a balance
between sensitivity and specificity by using a validated
questionnaire to assess symptoms of DES and strict criteria
to identify women as having DES based on symptoms
alone. We also asked women whether they had previously
been diagnosed by a clinician as having DES. It remains
possible that some of the women in our study may have
experienced severe symptoms from causes other than dry
eye, but we were not able to perform clinical examinations
on such a large group of women. In the group of 27 patients
who did undergo a standardized clinical examination, the
sensitivity of our questionnaire-based instrument was 77%,
with a specificity of 86%. We have also previously found and
published biologically plausible findings using this methodol-
ogy.7 Finally, self-reported dry eye (even without specifically
reporting a diagnosis of DES) has been used in at least one
other epidemiologic study, which gave credence to its use in
epidemiologic studies, because relationships with expected
risk factors were observed.13

Unquestionably, estimates of the prevalence of DES
depend on the definition used in a particular study. We
defined DES based on the presence of either severe
symptoms or a reported clinical diagnosis of DES. Inclu-
sion of clinically diagnosed patients should have helped us
identify participants with treated DES who had received
some relief from their symptoms, as well as clinically
significant patients with only milder symptoms. Inclusion
of women with severe symptoms should have helped us
identify undiagnosed cases of DES. Other large epidemio-
logic studies of DES in the US are few and, though each
included assessment of symptoms, have defined DES in
various ways making comparisons difficult. A population-
based study of 2,520 white men and women, age 65 to 84
years old in Salisbury, Maryland, reported a prevalence of
14.6% for one or more symptoms either constantly or often
(including dryness, gritty or sandy sensation, burning
sensation, redness, crusting on lashes, eyes stuck shut in
morning), and 3.5% for symptoms plus a low Schirmer test
score or high rose bengal score.12 In another recent study13

a cohort of 3,703 men and women from Wisconsin were
asked, “for the past 3 months or longer, have you had dry
eyes?” A total of 14.4% of this population, which ranged in
age from 48 to 91 years old, reported experiencing dry eyes.
The prevalence among women was 16.7%. Our estimate of
7.8% for clinically diagnosed DES or severe symptoms is

lower, most likely because of our use of a more restrictive
definition of DES.

Of three other large epidemiologic studies to date, two
have reported a higher prevalence of DES in older per-
sons.11,13 Consistent with this, we found a higher preva-
lence of DES among older women. A higher prevalence of
DES among older women would be expected even if the
incidence of DES remained constant with age, unless there
was a tendency for earlier mortality or loss to follow-up
among women with DES. Nonetheless, several lines of
evidence support the hypothesis that the incidence of DES
increases with age. For example, there is an age-related
decrease in meibomian gland secretion,16,17 possibly due to
atrophy of acinar cells, a finding that is consistent with the
age-related decline in the function of other sebaceous
glands.18 Moreover, aging is associated with significant
alterations in the quality and lipid profiles of meibomian
gland secretions (Sullivan BD, Dana MR, Sullivan DA.
Influence of aging on the polar and neutral lipid profiles in
human meibomian gland secretions. ARVO abstract. Inves
Ophthalmol Vis Sci 2001;42:539). The lacrimal gland also
appears to undergo a number of age-related changes,
including diffuse fibrosis, atrophy, periductal fibrosis,19 and
a gradual shift from protein producing and secreting acini
to mucous producing and secreting acini.20 Interestingly,
however, whereas older women in the current study were
more likely to have clinically diagnosed DES they were not
more likely than were younger women to report severe
symptoms of DES. The reason for these findings is unclear.
Given the greater likelihood of eye examinations among
older women21 one could also speculate that older women
are more likely to report diagnosed DES simply because
they are more likely to have their eyes examined for other
problems. However, controlling for the frequency of eye
examinations did not affect our findings. It is possible that
clinicians are more likely to diagnose DES among women
of advanced age than among younger women. When we
looked separately at women with severe dry eye symptoms,
we observed a higher likelihood of diagnosed DES among
older vs younger women, a finding that is consistent with
the possibility of diagnostic bias. However, we also ob-
served that in the subgroup of women with diagnosed DES,
older women were less likely than younger women were to
report severe symptoms. This could indicate a bias in
reporting of dry eye symptoms by age or perhaps an
avoidance of activities that might exacerbate dry eye
symptoms. Conversely, it may also be indicative of more
successful treatment among older women, who might be
more likely to use artificial tears or to receive punctal
occlusion. Other possible explanations include a decrease
in symptoms with a longer duration of DES (for example,
via the development of corneal hypesthesia) or an age-
related decrease in corneal sensation.

Compared with women from Southern states, women
from the Midwest, Northeast, and Western states were less
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likely to report DES. These differences cannot be ac-
counted for by variations in race/ethnicity, educational
achievement, income levels, or differences in the fre-
quency of eye examinations as these factors were controlled
for in our analyses. Geographic variations in other environ-
mental or lifestyle factors that increase the risk of dry eye may
be responsible for the modest differences observed in the
prevalence of DES across the country. Development of DES
is dependent in part on a fine balance between surface
lubrication by various tear constituents and evaporative loss,
which can be influenced by environmental factors such as
ambient temperature and humidity.

With the exception of one other study, which included
several hundred Black patients and found no differences in
the prevalence of DES between Blacks and Whites,12 most
data on the prevalence of DES have been derived from
White populations. The current study included women
from several minority groups and allowed us to estimate
the prevalence of DES among these women, albeit with
less precision than that with which we could estimate the
prevalence among White women, who made up the large
majority of our study population. The prevalence of severe
symptoms of dry eye was higher among both Hispanic
women and women of Asian/Pacific Islander ancestry
compared with White women. The reasons for this are
unclear but may be related to several factors. For example,
some groups of women with DES may be getting less relief
from dry eye symptoms, perhaps due to a lack of knowledge
about or availability of treatments. In addition, the higher
prevalence of dry eye symptoms in some minority groups
could be related to a greater number of health problems in
these women, which, either themselves or by virtue of side
effects of their treatments, may be associated with a higher
prevalence of dry eye symptoms. Given that the relation-
ships of race/ethnicity with DES were primarily observed
only for the end point of dry eye symptoms and not for
diagnosed DES, there is also the possibility of underdiag-
nosis of DES among some minority groups. Further studies
are needed to clarify these issues.

In summary, clinical observations have long suggested
that DES is a common ocular problem for women, partic-
ularly older women. However, there have been few epide-
miologic studies of the magnitude of the problem of DES
among women. The present study is the largest study to
date on the prevalence of DES among women and its
relationship to demographic characteristics. According to
the results of this study, DES is indeed a common problem
among middle aged and older women. Overall, we have
estimated that approximately 3.2 million women age 50
years old and older in the US may suffer from DES leading
to a clinical diagnosis or severe symptoms, and millions
more have less severe symptoms of dry eye. Further studies
are needed to increase our understanding of this significant
public health problem.
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