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D

RY EYE SYNDROME, OR KERA-

toconjunctivitis sicca, damages the ocular surface and
can cause debilitating symptoms of dryness and irritation, which may
result in psychological comorbidity and
reduced work capacity.1-4 Dry eye syndrome is associated with an enhanced
risk of corneal infection, and, when
severe, can cause permanent visual impairment.2,3 Treatments for dry eye syndrome are generally costly and inadequate, and many patients are unable to
find satisfactory relief from their symptoms.5 Finally, dry eye syndrome accounts for a substantial burden on the
health care system,5 comprising one of
the leading causes of patient visits to both
ophthalmologists and optometrists.2
Hormone replacement therapy (HRT)
is used by an estimated 38% of postmenopausal women in the United States.6
It has been shown to have a clear role
in the treatment of a variety of menopausal symptoms,7 and may confer
other health benefits.8-11 However, some
deleterious effects of HRT are increasingly recognized,12-14 and estrogen may
have adverse effects on the ocular surface.15-17 Despite this, virtually no data are
available on the relationship of HRT and
dry eye syndrome. Therefore, we examined this relationship in the Women’s
Health Study.
METHODS
Study Subjects

The Women’s Health Study is a randomized trial among 39876 health profes2114

Context Postmenopausal hormone replacement therapy (HRT) use is common in the
United States. Some research suggests that estrogen may have detrimental effects on
the tear film and could influence the development of dry eye syndrome, but few data
are available on this relationship.
Objective To determine the relationship of HRT and dry eye syndrome.
Design, Setting, and Participants The Women’s Health Study, a large cohort study
in which 25665 postmenopausal women provided information about use of HRT at
baseline (1992), 12, and 36 months and dry eye syndrome at 48 months.
Main Outcome Measures (1) Clinically diagnosed dry eye syndrome, as reported
by participants; (2) severe symptoms (both ocular dryness and irritation either constantly or often); and (3) either clinically diagnosed dry eye syndrome or severe symptoms, compared between women who used HRT vs those who did not.
Results For the combined end point of either clinically diagnosed dry eye syndrome
or severe symptoms, the multivariable-adjusted odds ratios were 1.69 (95% confidence interval [CI], 1.49-1.91) for estrogen use alone and 1.29 (95% CI, 1.13-1.48)
for estrogen plus progesterone/progestin use compared with no HRT use. Each 3-year
increase in the duration of HRT use was associated with a significant 15% (95% CI,
11%-19%) elevation in risk of clinically diagnosed dry eye syndrome or severe symptoms. Results were similar for the combined end point of clinically diagnosed dry eye
syndrome and severe symptoms.
Conclusions These data suggest that women who use HRT, particularly estrogen
alone, are at increased risk of dry eye syndrome. Physicians caring for women who
are taking or considering HRT should be apprised of this potential complication.
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sionals (aged 45 to 84 years in 1992) to
assess the benefits and risks of aspirin and
vitamin E in the prevention of cardiovascular disease and cancer.18 Women
were also initially randomized to beta
carotene, but this component of the trial
was terminated after an average treatment time of 22.8 months. To be eligible for the Women’s Health Study,
women must have been postmenopausal or have no intention of becoming pregnant. At baseline, all participants were free of cancer (except possibly
nonmelanoma skin cancer), myocardial infarction, stroke, transient cerebral ischemia, liver disease, renal disease, peptic ulcer, or gout. Women using
anticoagulants, corticosteroids, or
supplements of vitamins A, E, or beta
carotene were also excluded. Partici-
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pants completed annual questionnaires
reporting health-related exposures and
any health outcomes experienced over
the previous year.
Risk Factor Information

At baseline, participants reported demographic information including age,
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race/ethnicity, educational level, and
household income, as well as a detailed medical history and information on lifestyle factors. Women reported their HRT use at baseline and
at 12 and 36 months of follow-up. We
classified postmenopausal women by
their use at 36 months as either never
or ever users of HRT. We further classified ever users as using estrogen alone,
or estrogen combined with progesterone/progestins based on their most recent use pattern.
Dry Eye Syndrome Ascertainment

On the 4-year follow-up questionnaire we included 3 questions to assess dry eye syndrome: How often do
your eyes feel dry (not wet enough)?
How often do your eyes feel irritated?
and Have you ever been diagnosed by
a clinician as having dry eye syndrome? The 2 questions pertaining to
symptoms had possible answers of constantly, often, sometimes, or never.
These 2 questions alone were previously found to have a sensitivity of 60%
coupled with a specificity of 94% compared with clinical diagnosis of dry eye
syndrome, and to provide nearly the
same predictability as a 14-item questionnaire.19
We defined 3 outcome measures for
dry eye syndrome. We defined clinically diagnosed dry eye syndrome as a
self-reported diagnosis of dry eye syndrome by a clinician, and severe symptoms as a report of both dryness and
irritation either constantly or often.
We also formed a composite end point
of either a previous clinical diagnosis
or severe symptoms of dry eye syndrome.
Statistical Analysis

We used 2 tests to examine the relationship of HRT with several potential
determinants of its use as well as with
dry eye syndrome. We then constructed multivariable logistic regression models (separate models for each
definition of dry eye syndrome) to obtain odds ratios (ORs) and 95% confidence intervals (CIs) to estimate the effects of estrogen use only, and estrogen

plus progesterone/progestin. We initially adjusted for age in 5-year categories and, since subjects were participants in a randomized trial, randomized
treatment assignments (aspirin vs placebo, vitamin E vs placebo, and beta
carotene vs placebo). We then extended the models to account for predictors of HRT, as well as other medical conditions that may have influenced
the prevalence of dry eye syndrome.
Although our primary analysis was
restricted to postmenopausal women,
we also fit models in which premenopausal women formed the reference
group. In additional analyses, we fit
models to examine whether the dose of
estrogen or progesterone/progestin or
duration of HRT were related to dry eye
syndrome.
There is evidence that androgens
are protective against dry eye syndrome.20,21 Since women who had oophorectomy would be expected to have
lower androgen levels22 and to be more
likely to take HRT, we also conducted
separate analyses among women based
on oophorectomy history.
Finally, to address the issue of the
timing of the onset of dry eye syndrome relative to initiation of HRT, we
conducted an additional analysis for the
end point of clinically diagnosed dry eye
syndrome, in which we excluded
women who were diagnosed with dry
eye syndrome prior to the initiation of
HRT. In this analysis, we chose an index date of 10 years prior to our assessment of dry eye syndrome and excluded all women with a date of
diagnosis prior to this index date. Beginning from the index date, we then
constructed a series of consecutive
1-year intervals, which included data
from all women who remained free of
dry eye syndrome at the beginning of
the interval. We used data on duration of HRT to estimate the time of initiation of therapy to determine each participants’ HRT status at the beginning
of each interval, and data on the date
of diagnosis of dry eye syndrome to assign the diagnosis to the interval in
which it occurred. We used Cox proportional hazards models to obtain es-
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timates of the relative risk and 95% CI
associated with HRT.
RESULTS
Information about dry eye syndrome
was provided by 36995 (93%) of the
39 876 women enrolled in the Women’s Health Study. Among the women
with data on dry eye syndrome, 25665
(69%) were postmenopausal. We excluded from further analyses 156
women who were taking either vaginal estrogen or progesterone alone, as
well as 120 women for whom data on
HRT were unavailable. Of the remaining 25 389 women, 61.1% had ever
taken HRT and 90% of these women
were current users. As expected, HRT
was related to a number of demographic and social characteristics, being
more common among younger women,
women who identified themselves as either white or Asian, and women with
higher levels of education and household income (TABLE 1). Use of HRT also
varied by geographic region with the
highest prevalence in the West, and the
lowest levels in the Northeast. Women
who had taken HRT were also more
likely to have had an eye examination
in the past 2 years.
Use of HRT was significantly related to the prevalence of dry eye syndrome (F IGURE ). Considering the
prevalence of either clinically diagnosed dry eye syndrome or severe
symptoms, women who never used
HRT had the lowest prevalence (5.9%).
Women who used estrogen alone had
the highest prevalence (9.1%), and
women who used a combination of estrogen plus progesterone/progestin had
a prevalence that was intermediate between never users and users of estrogen alone (6.7%). Relationships were
similar for severe symptoms and clinically diagnosed dry eye syndrome.
After adjusting for age and randomized treatment assignments, HRT was
still significantly associated with clinically diagnosed dry eye syndrome for
estrogen alone (OR, 1.70 [95% CI, 1.491.95] and for estrogen and progesterone/progestin OR, 1.30 [95% CI, 1.121.50]); severe symptoms (OR, 1.72
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[95% CI, 1.46-2.03] and OR, 1.24 [95%
CI, 1.04-1.48]); and the combined end
point of either clinically diagnosed dry
eye syndrome or severe symptoms (OR,
1.69 [95% CI, 1.51-1.90] and OR, 1.27

[95% CI, 1.12-1.44]), respectively. Further adjustment for race/ethnicity, geographic region, educational level,
household income, and frequency of
eye examinations had little impact on

Table 1. Relationship of Demographic Characteristics With Use of Hormone Replacement
Therapy (HRT) Among Postmenopausal Women*
No. (%)
Characteristic
Age, y
ⱕ49
50-54
55-59
60-64
65-69
70-74
ⱖ75
Race/ethnicity
White
Black
Asian/Pacific Islander
Hispanic
Native American/Alaskan Native
Other/unknown
Not indicated
Education
Licensed practical nurse or licensed visiting nurse training
2-Year associate’s degree (registered nurse)
3-Year diploma program (registered nurse)
Bachelor’s degree
Master’s degree
Doctoral degree (including medicine)
Not indicated
Household income, $
⬍10 000
10 000-19 999
20 000-29 999
30 000-39 999
40 000-49 999
50 000-99 999
ⱖ100 000
Not indicated
Current residence, US Census region
West
Midwest
Northeast
South
Outside of United States (Puerto Rico, Guam,
and other US territories)
Frequency of eye examinations
ⱖ1 in 2 years
⬍1 in 2 years
Not indicated

Total

HRT Users†

885 (3.5)
6316 (24.9)
6710 (26.4)
5411 (21.3)
3553 (14.0)
1834 (7.2)
680 (2.7)

684 (77.3)
4454 (72.1)
4509 (67.2)
3198 (59.1)
1688 (47.5)
695 (37.9)
192 (28.2)

23 906 (94.2)
542 (2.1)
359 (1.4)
249 (1.0)
68 (0.3)
44 (0.2)
221 (0.9)

14 726 (61.6)
257 (47.4)
211 (58.8)
131 (52.6)
35 (51.5)
21 (47.7)
132 (59.7)

3398 (13.4)
2553 (10.1)
8654 (34.1)
5521 (22.2)

1753 (51.6)
1705 (66.8)
4993 (57.7)
3611 (65.4)

3599 (14.2)
1253 (4.9)
411 (1.6)

2383 (66.2)
818 (65.3)
252 (61.3)

270 (1.1)
1351 (5.3)
2805 (11.1)
3740 (14.7)
3926 (15.5)
9110 (35.9)
2651 (10.4)
1536 (6.1)

78 (28.9)
488 (36.1)
1327 (47.3)
2072 (55.4)
2418 (61.6)
6249 (68.6)
1954 (73.7)
928 (60.4)

5494 (21.6)
7208 (28.4)
4815 (19.0)
7793 (30.7)
79 (0.3)

3807 (69.3)
4325 (60.0)
2364 (49.1)
4988 (64.0)
37 (46.8)

21 060 (83.0)
4324 (17.0)

13 141 (62.4)
2417 (55.9)

5 (0)

3 (60.0)

*Total percentages across categories may be slightly higher or lower than 100 due to rounding.
†Includes both past and current users (as of the 3-year Women’s Health Study follow-up questionnaire) of either estrogen alone or estrogen plus progesterone/progestin. Of all HRT users, 90% were current users.
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these findings. Additional adjustment
for diabetes mellitus, hypertension,
rheumatoid arthritis, and other connective tissue diseases also had no effect
(TABLE 2). Compared with no HRT use,
the multivariable-adjusted ORs for the
combined end point of clinically diagnosed dry eye syndrome or severe
symptoms were 1.69 (95% CI, 1.491.91) for estrogen use alone and 1.29
(95% CI, 1.13-1.48) for estrogen plus
progesterone/progestin use.
In models that included premenopausal women as the reference group,
the multivariable-adjusted ORs for clinically diagnosed dry eye syndrome or severe symptoms were 1.02 (95% CI,
0.86-1.22) for postmenopausal women
who never used HRT; 1.71 (95% CI,
1.46-2.00) for postmenopausal women
who used estrogen alone; and 1.29
(95% CI, 1.10-1.51) for postmenopausal women who used estrogen plus
progesterone/progestin.
In models examining dose, the risk of
dry eye syndrome was elevated compared with nonusers in all women who
took estrogen, including women who
used less than 1 mg/d, the lowest prescribed doses (multivariable-adjusted
OR, 1.73 [95% CI, 1.25-2.41]), and there
was no clear dose-response relationship. Use of progesterone/progestin in
combination with estrogen resulted in
lower risks of dry eye syndrome compared with those associated with use of
estrogen alone regardless of progesterone dose. For example, in women taking the lowest doses of progesterone/
progestin in combination with the lowest
doses of estrogen, the multivariableadjusted OR was reduced from 1.73 for
estrogen alone to 1.31 (95% CI, 0.802.14) for the combination. Duration of
HRT was significantly associated with a
multivariable-adjusted 15% higher risk
(95% CI, 11%-19%) of dry eye syndrome for each 3-year increase in the duration of HRT use.
Among the subgroup of postmenopausal women without a history of oophorectomy, the multivariableadjusted ORs for the end point of
clinically diagnosed dry eye syndrome
or severe symptoms were 1.38 (95% CI,
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COMMENT
In this study, postmenopausal women
who used HRT had higher prevalences of dry eye syndrome than never
users (estrogen alone, 69%; estrogen
plus progesterone/progestin, 29%). Adjusting for age and other factors, postmenopausal women who had never
used HRT did not differ from premenopausal women in the prevalence of dry
eye syndrome. The relationship of HRT
and dry eye syndrome was consistent
for all definitions of dry eye syndrome
used in the present study, and held for
clinically diagnosed cases diagnosed after the initiation of therapy. The longer
the duration of HRT, the higher the risk
of dry eye syndrome.
Since we were not able to determine
if initiation of HRT preceded the onset
of dry eye syndrome, the relationships
we observed may reflect a higher tendency of women with dry eye syndrome to be prescribed HRT. However, given the lack of evidence of any
beneficial effect of replacement hormones in this context, its prescription
specifically for dry eye syndrome is not
likely to be common and certainly cannot be considered a standard of practice. Moreover, when we excluded cases
that were clinically diagnosed prior to
the initiation of HRT, we continued to

observe a significantly elevated risk of
subsequent dry eye syndrome among
women who took exogenous estrogen.
Although we could not address the issue of timing for our analysis based on
dry eye symptoms, the similarity of our
findings for symptoms compared with
clinically diagnosed cases as well as the
consistently stronger relationship with
estrogen alone and significant increased risk with longer duration HRT
use argue against this as a major source
of bias. These factors, and the fact that
participants were unaware of our hypothesis when they provided information about HRT use and dry eye syndrome (collected at different times and
on different questionnaires), also argue against the possibility that women
taking HRT were more likely to think
that such therapy caused dry eye syndrome and therefore were more likely
to report dry eye symptoms.
Residual confounding is a concern in
any epidemiological study. In the present study, we were not able to control for

factors such as contact lens use or use of
other medications that might lead to an
increased frequency of dry eye synFigure. Prevalence of Dry Eye Syndrome
(DES), by Categories of Use of Hormone
Replacement Therapy (HRT), Among 25389
Postmenopausal Women
No Hormone Replacement Therapy
Estrogen Plus Progesterone/Progestin
Estrogen Alone
10

9.1

8

Prevalence, %

1.04-1.83) for estrogen alone and 1.32
(95% CI, 1.14-1.54) for estrogen plus
progesterone/progestin. Among postmenopausal women with a history of
oophorectomy, the multivariableadjusted ORs were 1.53 (95% CI, 1.241.89) for estrogen alone and 1.24 (95%
CI, 0.79-1.94) for estrogen plus progesterone/progestin.
Finally, in models examining the timing of the initiation of HRT relative to
the diagnosis of dry eye syndrome, we
observed a higher incidence of clinically diagnosed dry eye syndrome
among women who were free of clinically diagnosed dry eye syndrome at the
time they began using HRT (multivariable-adjusted relative risk, 1.48 [95%
CI, 1.27-1.72] for estrogen alone; relative risk, 1.15 [95% CI, 0.97-1.37] for
estrogen plus progesterone/progestin).

6.7

6.6
5.9

6
4.6

4

4.4 4.7

3.3
2.7

2
0

Severe
Symptoms

Clinically
Diagnosed
DES

Severe Symptoms
and/or Clinically
Diagnosed DES

Users of HRT include both past and current users (90%
of ever users were still using HRT), with the type of
therapy assigned according to the type used most recently. Differences in the prevalence of DES by category of HRT were significant for each definition (each
P⬍.001).

Table 2. Results of Logistic Regression Models Examining the Association of Hormone
Replacement Therapy (HRT) With Dry Eye Syndrome (DES) Among Postmenopausal Women*

HRT Use†
Model 1 (n = 25 389)‡
Severe symptoms
Clinically diagnosed DES
Symptoms and/or clinically diagnosed DES
Model 2 (n = 23 269)§
Severe symptoms
Clinically diagnosed DES
Symptoms and/or clinically diagnosed DES
Model 3 (n = 23 269)㛳
Severe symptoms
Clinically diagnosed DES
Symptoms and/or clinically diagnosed DES

Never

Estrogen Only

Estrogens Plus
Progesterone/
Progestin

1.00
1.00
1.00

1.72 (1.46-2.03)
1.70 (1.49-1.95)
1.69 (1.51-1.90)

1.24 (1.04-1.48)
1.30 (1.12-1.50)
1.27 (1.12-1.44)

1.00
1.00
1.00

1.64 (1.37-1.95)
1.69 (1.47-1.96)
1.65 (1.45-1.87)

1.25 (1.03-1.50)
1.31 (1.12-1.53)
1.27 (1.11-1.45)

1.00
1.00
1.00

1.66 (1.40-1.97)
1.74 (1.50-2.00)
1.69 (1.49-1.91)

1.27 (1.05-1.53)
1.33 (1.14-1.56)
1.29 (1.13-1.48)

*Values are expressed as odds ratios (95% confidence intervals) and are based on the results of separate multivariable
regression models for each outcome (ie, severe symptoms, clinically diagnosed DES, symptoms and/or clinically
diagnosed DES).
†Women who had ever used HRT were classified as users according to the type used most recently (either estrogen
alone, or estrogen plus progesterone/progestin. Ninety percent of ever users were still using HRT.
‡Adjusted for age (5-year categories), and randomization assignments to aspirin, vitamin E, and beta carotene (each
vs placebo).
§Excludes 2120 women with missing data on 1 or more covariates. Adjusted for age (5-year categories), race
(white, black, hispanic, Asian/Pacific Islander, Native American, other) and randomization assignments to aspirin,
vitamin E, and beta carotene (each vs placebo), education (licensed practical or visiting nurse training; 2-year
associate’s degree for registered nurse [RN]; 3-year RN diploma program; bachelor’s, master’s, or doctoral
degree), household income level (ⱕ$10 000, $10 000-$19 999, $20 000-$29 999, $30 000-39 999, $40 000$49 999, $50 000-$99 999, ⱖ$100 000), frequency of eye examinations (ⱖ1 every 2 years vs ⬍1), and US Census region (West, Midwest, Northeast, South, outside of the United States [Puerto Rico, Guam, and other US territories]).
㛳See the section symbol for the variables adjusted for. In addition, the following variables were adjusted for: a history
of hypertension (yes vs no), diabetes mellitus (yes vs no), rheumatoid arthritis (yes vs no), and other connective tissue
diseases (yes vs no).
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drome. However, given the high prevalence of HRT and the magnitude of the
observed effects, any extraneous factor
would need to be prevalent as well as
strongly related to both HRT and dry eye
syndrome to explain the observed associations. With regard to contact lens use,
in a subgroup of 393 women, we determined that HRT was not associated with
contact lens use (26.8% of never users
wore contact lenses vs 24.8% of HRT users), making residual confounding by
this factor unlikely. Moreover, control for
medical conditions such as hypertension, diabetes, rheumatoid arthritis, and
other connective tissue diseases had little
impact on our findings.
An additional consideration relates
to our use of a questionnaire-based
assessment of dry eye syndrome,
although there is consensus among
both researchers2 and clinicians23,24
that ascertainment of dry eye symptoms provides important information.
In fact, assessment of symptoms was
determined to be the single most
important test for dry eye syndrome
identified by clinicians in practice.23,24
An expert panel also identified these
symptoms to be the sine qua non of
dry eye syndrome.2 This seems appropriate since ocular surface damage
rarely reaches clinical importance in
the absence of symptoms, 25 and a
major goal of therapy for dry eye syndrome is the relief of debilitating
symptoms. Moss et al 26 identified
expected relationships when using
self-reported dry eye syndrome in epidemiological studies. In the present
study, we used a validated questionnaire to assess symptoms of dry eye
syndrome, and strict criteria to identify women as having dry eye syndrome based on symptoms alone. We
also assessed previous clinical diagnoses of dry eye syndrome, which
should have helped us identify participants with treated dry eye syndrome
who had received some relief from
their symptoms, as well as cases with
only milder symptoms. Because we
were not able to examine study participants, however, estimates could
have been biased by a higher likeli2118

hood of diagnosis among women
using HRT, although controlling for
more frequent eye examinations did
not have any impact on our findings.
This explanation also seems unlikely
given the significant relationship of
HRT with symptoms alone, the stronger effect of estrogen taken alone, and
the significant increase in risk with
longer duration of HRT use.
Despite the common occurrence of
dry eye syndrome, basic epidemiological data are limited. Clinical observations suggest, and most epidemiological studies26-28 support, that dry eye
syndrome is more common in women,
a finding that would be consistent with
either a detrimental effect of estrogen or
a beneficial role of androgens,1,21 or both.
Indeed, it may be the balance of androgens and estrogen that is important in
determining risk of dry eye syndrome.
Since women with oophorectomy would
be expected to have lower androgen levels22 and are also more likely to be prescribed estrogen replacement, we were
concerned that low androgen levels
might have confounded the relationship of exogenous estrogen with dry eye
syndrome. However, when we looked
separately among the subgroups of
women based on history of oophorectomy, we observed elevated risks of dry
eye syndrome associated with estrogen
in each subgroup, suggesting that these
relationships were not likely to be purely
a consequence of confounding by low
androgen levels.
There are few epidemiological studies that directly assess the potential relationship of exogenous estrogen use
with dry eye syndrome, and none that
has examined the relationship in as
much detail as the present study. Two
studies26,27 reported that there was no statistically significant relationship of HRT
with the presence of self-reported dry eye
symptoms. However, the data were not
actually presented in either study, estrogen and estrogen plus progesterone/
progestin were not examined separately, and it is unlikely that either study
had sufficient statistical power to detect an association of the magnitude we
observed.
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Strengths of the present study include its large sample size and the prevalent use of HRT, which provided a high
degree of precision for our estimates of
an association with dry eye syndrome.
We also used a validated questionnairebased assessment of dry eye symptoms
with high specificity for identifying subjects with dry eye syndrome. In addition, we obtained information on clinical diagnoses of dry eye syndrome from
our population of knowledgeable female health professionals, and reporting of medical diagnoses has proven reliable among such populations.29,30
Information on HRT was obtained without knowledge of dry eye status (and
vice-versa). The results of the present
study consistently showed a higher
prevalence of dry eye syndrome among
women who used HRT, regardless of the
way in which we defined dry eye syndrome. As would be expected if the relationship were real rather than spurious, similar findings were observed for
clinically diagnosed dry eye syndrome,
severe symptoms, or either condition.
Moreover, there was a significant trend
of increasing prevalence of dry eye syndrome with longer duration of HRT use.
Basic research suggests that sex hormone levels may influence both the lacrimal and meibomian glands.15,21 Laboratory and preliminary clinical studies
suggest that whereas androgens have a
beneficial influence on lacrimal and
meibomian gland function,15,21 estrogen may play a role in exacerbating dry
eye syndrome.15-17,21,31,32 Given our findings as well as the known inhibitory effects of estrogen on other sebaceous
glands,33 further study of the effects of
estrogen on the function of the meibomian gland—a large sebaceous gland
containing estrogen receptors 34 —
would be interesting. Moreover, the apparently beneficial modifying effect of
progesterone/progestin on the relationship of estrogen with dry eye syndrome requires further study.
In summary, the present study suggests that postmenopausal women who
use HRT have a higher prevalence of dry
eye syndrome compared with those who
have never used HRT, and this is par-
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ticularly true of women who used estrogen alone. Given these findings and the
high prevalence of HRT in the United
States, further studies of the effects of sexsteroid hormones on dry eye syndrome
are recommended. Meanwhile, physicians caring for women who are taking
or are considering HRT should be informed of the potential increased risk of
dry eye syndrome with this therapy.

Author Contributions: Study concept and design:
Schaumberg, Dana.
Acquisition of data: Schaumberg, Buring.
Analysis and interpretation of data: Schaumberg,
Buring, Sullivan, Dana.
Drafting of the manuscript: Schaumberg, Sullivan.
Critical revision of the manuscript for important intellectual content: Schaumberg, Buring, Dana.
Statistical expertise: Schaumberg.
Obtained funding: Schaumberg, Sullivan, Dana.
Administrative, technical, or material support:
Buring.
Study supervision: Schaumberg.
Funding/Support: The research for this article was sup-

ported by National Institutes of Health grants EY00365,
CA47988, and HL43851; Allergan Inc (Irvine, Calif );
and the Joint Clinical Research Center, Massachusetts Eye and Ear Infirmary, and the Schepens Eye Research Institute (Boston, Mass).
Acknowledgment: We acknowledge the crucial contributions of the entire staff of the Women’s Health
Study, under the leadership of David Gordon, as well
as Susan Burt, Mary Breen, Marilyn Chown, Lisa
Fields-Johnson, Georgina Friedenberg, Inge Judge,
Jean MacFadyen, Geneva McNair, David Potter,
Claire Ridge, and Harriet Samuelson. We are also
indebted to the dedicated participants of the Women’s Health Study.

search Group. Randomized trial of estrogen plus progestin for secondary prevention of coronary heart disease in postmenopausal women. JAMA. 1998;280:
605-613.
13. Tavani A, La Vecchia C. The adverse effects of
hormone replacement therapy. Drugs Aging. 1999;
14:347-357.
14. Taskinen MR. Oestrogen replacement therapy and
coronary heart disease. Ann Med. 1998;30:443451.
15. Sullivan DA, Wickham LA, Rocha EM, Kelleher RS,
da Silveira LA, Toda I. Influence of gender, sex steroid hormones, and the hypothalamic-pituitary axis
on the structure and function of the lacrimal gland.
Adv Exp Med Biol. 1998;438:11-42.
16. Gurwood AS, Gurwood I, Gubman DT, Brzezicki
LJ. Idiosyncratic ocular symptoms associated with the
estradiol transdermal estrogen replacement patch system. Optom Vis Sci. 1995;72:29-33.
17. Sato EH, Sullivan DA. Comparative influence of
steroid hormones and immunosuppressive agents on
autoimmune expression in lacrimal glands of a female mouse model of Sjogren’s syndrome. Invest Ophthalmol Vis Sci. 1994;35:2632-2642.
18. Rexrode KM, Lee I, Cook NR, Hennekens CH, Buring JE. Baseline characteristic of participants in the
Women’s Health Study. J Womens Health Gend Based
Med. 2000;9:19-27.
19. Oden NL, Lilienfeld DE, Lemp MA, Nelson JD,
Ederer F. Sensitivity and specificity of a screening questionnaire for dry eye. Adv Exp Med Biol. 1998;438:
807-820.
20. Sullivan DA, Rocha EM, Ullman MD, et al. Androgen regulation of the meibomian gland. Adv Exp
Med Biol. 1998;438:327-331.
21. Sullivan DA, Wickham LA, Rocha EM, et al. Androgens and dry eye in Sjogren’s syndrome. Ann N Y
Acad Sci. 1999;876:312-324.
22. Davis S. Testosterone deficiency in women. J Reprod Med. 2001;46(3 suppl):291-296.

23. Nichols KK, Nichols JJ, Zadnik K. Frequency of dry
eye diagnostic test procedures used in various modes
of ophthalmic practice. Cornea. 2000;19:477-482.
24. Korb DR. Survey of preferred tests for diagnosis
of the tear film and dry eye. Cornea. 2000;19:483486.
25. Taylor HR, Louis WJ. Significance of tear function test abnormalities. Ann Ophthalmol. 1980;12:
531-535.
26. Moss SE, Klein R, Klein BE. Prevalence of and risk
factors for dry eye syndrome. Arch Ophthalmol. 2000;
118:1264-1268.
27. McCarty CA, Bansal AK, Livingston PM, Stanislavsky YL, Taylor HR. The epidemiology of dry eye in
Melbourne, Australia. Ophthalmology. 1998;105:
1114-1119.
28. Caffery BE, Richter D, Simpson T, Fonn D, Doughty
M, Gordon K. CANDEES: the Canadian Dry Eye Epidemiology Study. Adv Exp Med Biol. 1998;438:805806.
29. Hunter DJ, Colditz GA, Stampfer MJ, Rosner B,
Willett WC, Speizer FE. Risk factors for basal cell carcinoma in a prospective cohort of women. Ann Epidemiol. 1990;1:13-23.
30. Frieling UM, Schaumberg DA, Kupper TS, Muntwyler J, Hennekens CH. A randomized, 12-year primaryprevention trial of beta carotene supplementation for
nonmelanoma skin cancer in the physician’s health
study. Arch Dermatol. 2000;136:179-184.
31. Brennan NA, Efron N. Symptomatology of HEMA
contact lens wear. Optom Vis Sci. 1989;66:834838.
32. Nagler RM, Pollack S. Sjogren’s syndrome induced by estrogen therapy. Semin Arthritis Rheum.
2000;30:209-214.
33. Thody AJ, Shuster S. Control and function of sebaceous glands. Physiol Rev. 1989;69:383-416.
34. Esmaeli B, Harvey JT, Hewlett B. Immunohistochemical evidence for estrogen receptors in meibomian glands. Ophthalmology. 2000;107:180-184.

REFERENCES
1. Sullivan DA. Gender and dry eye. In: Research to
Prevent Blindness Science Writers Seminar. New York,
NY: Research to Prevent Blindness; 1997:57-60.
2. Lemp MA. Epidemiology and classification of dry
eye. Adv Exp Med Biol. 1998;438:791-803.
3. Gilbard JP. Dry eye disorders. In: Albert DM, Jakobiec FA, eds. Principles and Practice of Ophthalmology. Philadelphia, Pa: WB Saunders; 1994:257276.
4. McMonnies CW, Ho H. Patient history in screening for dry eye conditions. J Am Optom Assoc. 1987;
58:296-301.
5. Nelson JD, Helms H, Fiscella R, Southwell Y, Hirsch
JD. A new look at dry eye disease and its treatment.
Adv Ther. 2000;17:84-93.
6. Keating NL, Cleary PD, Rossi AS, Zaslavsky AM,
Ayanian JZ. Use of hormone replacement therapy by
postmenopausal women in the United States. Ann Intern Med. 1999;130:545-553.
7. Belchetz PE. Hormonal treatment of postmenopausal women. N Engl J Med. 1994;330:1062-1071.
8. The Writing Group for the PEPI Trial. Effects of estrogen or estrogen/progestin regimens on heart disease risk factors in postmenopausal women: the Postmenopausal Estrogen/Progestin Interventions (PEPI)
Trial [published erratum appears in JAMA. 1995;274:
1676]. JAMA. 1995;273:199-208.
9. Stampfer MJ, Colditz GA. Estrogen replacement
therapy and coronary heart disease: a quantitative assessment of the epidemiologic evidence. Prev Med.
1991;20:47-63.
10. The Writing Group for the PEPI Trial. Effects of
hormone therapy on bone mineral density: results from
the postmenopausal estrogen/progestin interventions (PEPI) trial. JAMA. 1996;276:1389-1396.
11. Grodstein F, Stampfer MJ, Colditz GA, et al. Postmenopausal hormone therapy and mortality. N Engl
J Med. 1997;336:1769-1775.
12. Hulley S, Grady D, Bush T, et al, for the Heart and
Estrogen/progestin Replacement Study (HERS) Re-

©2001 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 01/31/2015

(Reprinted) JAMA, November 7, 2001—Vol 286, No. 17 2119

