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Abstract
Purpose—To determine the prevalence of follow-up and factors associated with completing an
eye exam after a glaucoma public service announcement.

Design—Cross-sectional observational study

Participants—Individuals who participated in the Glaucoma EyeCare Program by calling a toll-
free telephone number and receiving referral by meeting inclusion criteria.

Methods—The Glaucoma EyeCare Program uses public service announcements to encourage
those at increased risk for glaucoma to obtain an eye exam. The program requires interested
persons to dial a toll-free telephone number to collect demographic, medical, and socioeconomic
information, and refers those at higher risk of glaucoma to an ophthalmologist for a free eye exam.
The ophthalmologist completes an outcome form, which indicates whether the participant obtained
an eye exam, and the results of this eye exam. We determined the factors associated with obtaining
an eye exam.

Main Outcome Measures—Sociodemographic characteristics associated with obtaining an eye
exam after referral through the Glaucoma EyeCare Program

Results—Ophthalmologists returned outcome forms for 24% (1514/6343) of participants. Of
those with outcome forms, 671 (44.3%) had an eye exam, 756 (49.9%) did not make an
appointment, and 87 (5.7%) made an appointment but did not complete the exam. A multivariate
logistic regression model showed younger age, female gender, lack of health insurance, medical
history of diabetes, and shorter distance to be associated with obtaining an eye exam.

Conclusion—Public service announcements encourage participants to have an eye exam.
Multiple factors alter the success of obtaining an eye exam. Future studies are needed regarding
the best method of decreasing the risk of undiagnosed glaucoma.
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Glaucoma is the second leading cause of blindness worldwide.1 At least 50% of patients
with glaucoma have not been diagnosed.2–4 Organizations have attempted to decrease the
proportion of undiagnosed glaucoma by performing screening tests (such as frequency
doubling technology perimetry) in the community.5,6 However public service
announcements are another way of decreasing undiagnosed glaucoma. For example, public
service announcements may highlight the risks of glaucoma, the need for eye exams, and
encourage people at risk to have an eye exam. They also may have the advantage of
reaching a larger audience when compared to screening tests because they utilize mass
media, and don’t require interested participants to come to a particular location on a certain
date for a screening test.

The Foundation of the American Academy of Ophthalmology established the EyeCare
America program in 1985. The program uses public service announcements to educate its
audience about the risks associated with various eye diseases and to publicize the
availability of free ophthalmic care for those without insurance who are at greater risk for
developing these diseases. It employs various forms of mass media including newspaper,
television, radio, and Internet. The program also engages local celebrities to increase
exposure. One subsection of EyeCare America is the Glaucoma EyeCare Program, whose
mission is detection of undiagnosed glaucoma through eye exams by volunteer
ophthalmologists.

We were interested in the proportion of participants who have an eye exam after the
Glaucoma EyeCare Program identifies them as having a higher risk for the development of
glaucoma and eligible for an eye exam. Glaucoma screenings with frequency doubling
technology perimetry result in 40% to 70%5,6 of screening failures having an eye exam. To
our knowledge, no study has reported the ability of public service announcements to
encourage participants to have an eye exam and the factors associated with obtaining an eye
exam. This information will provide guidance for designing and enhancing glaucoma public
service announcements in the future to decrease the risk of undiagnosed glaucoma.

Methods
The Glaucoma EyeCare Program provided the authors with a de-identified database. The
Institutional Review Board (IRB) of Legacy Health System approved this study.

Participants and data collection
The Glaucoma EyeCare Program uses nationwide public service announcements to
encourage their audience to call a toll-free telephone number to determine whether callers
are at increased risk for glaucoma and therefore eligible to receive a free glaucoma eye
exam. Each public service announcement briefly discusses natural history and risk factors
for glaucoma, often in conjunction with a real-life clinical vignette, and concludes with
information on how to contact the program (see
http://www.youtube.com/user/eyecareamerica for examples [accessed September 15, 2010]).
During this portion of the telephone call, the program collects gender, age, ethnicity,
medical insurance status, personal history of diabetes, home address, family history of eye
problems, duration since their last eye exam, and calculates glaucoma risk score.

The glaucoma risk score survey questions are listed in Table 1 and are based on age, family
history of glaucoma, and race. Two members of the Glaucoma EyeCare Program advisory
committee, M. Roy Wilson and James F. Martone, created this scoring system in the 1980’s
to be internally consistent with risk factors from then current prevalence studies.7–11
Another goal was to create a simple scoring system that was suitable for primary care
medical providers and glaucoma patients (Personal communication-M. Roy Wilson and
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James F. Martone). The Glaucoma EyeCare Program considers a survey score of 4 or
greater (≥4) as high risk, with a total range of possible scores from 0 to 10. For example, a
55-year-old African American caller with a brother who has glaucoma would be given a
score of 9.

Any high risk participant is eligible for a free glaucoma eye exam if he or she is a United
States citizen or legal resident; has not had an eye exam in 12 or more months; and does not
belong to a health maintenance organization or Veterans Administration health plan. These
exclusion criteria were incorporated based on Medicare restrictions and this information was
included in the public service announcements. If eligible, the Glaucoma EyeCare Program
provides the participant the name, office address, and telephone number of a volunteer
ophthalmologist in their area and encourages them to call for an appointment. The
Glaucoma EyeCare Program sends the participant’s information to the ophthalmologist and
instructs the ophthalmologist to complete and return the outcome form after the visit, which
includes whether the participant obtained an eye exam and the results of this exam.
Information gathered from the telephone interview was used for data analysis.

Data Analysis
We include participants enrolled between January 15, 2006 and January 14, 2007. All
statistical analyses were performed using SPSS® (v16.0, SPSS, Inc. Chicago, Illinois)
statistical software. We created dichotomous variables for gender; ethnicity (white vs.
other); insurance status (yes vs. no); family history of glaucoma; and medical history of
diabetes. We included age and distance (between the participant and doctor’s office) as
continuous variables.

We compared the characteristics of those included in the study (had an outcome form
returned) to those excluded (did not have an outcome form returned) to evaluate selection
bias. We compared characteristics of those who obtained an eye exam to those who did not
obtain an eye exam to determine the factors related to obtaining an eye exam after a public
service announcement. We used a chi-square test to evaluate the association of gender, race,
insurance status, family history of glaucoma, and history of diabetes. We used a t-test to test
the association of age and distance from the doctor’s office after confirming a normal
distribution. We performed a multivariate logistic regression using an automated step-wise
(Wald) selection procedure to select the factors most likely to be associated with obtaining
an eye exam. Finally, we used a univariate logistic regression model to determine the
association of glaucoma risk score with diagnosis of glaucoma, diagnosis of glaucoma
suspect, and a combined diagnosis including glaucoma or glaucoma suspect.

We used the inverse probability weighting method12 to statistically weight and adjust for
selection bias, resulting in differences between those included (had outcome forms returned)
and excluded (no outcome forms) from the analysis. Briefly, this method creates statistical
weighting using the inverse estimated probability of selection into the sample. Weighting
creates up-regulation or down-regulation of the i-th individual to create a pseudosample that
would have been observed if there were no differences between the included and excluded
groups. We created fitted probabilities by using a logistic regression model with the
dependent variable of outcome form returned (yes/no), and covariates with p values below
0.10.

Results
Participants

Figure 1 shows the total number of participants who called the toll-free telephone number,
completed the telephone survey and received referral. Ten thousand nine hundred forty five
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(10,945) persons called the Glaucoma EyeCare toll-free phone number. Some callers
(n=2519, 23%) did not want an eye exam but wanted more information regarding eye
disease. Others were not eligible (n=2083, 19%). Of those not eligible, the reasons were: had
a glaucoma risk score under 4 (n=1605); had health maintenance organization insurance or
VA insurance (n=261); had a recent eye exam in the last 12 months (n=153); not United
States citizens or resident (n=54); and unknown reason (n=10).

Of the 6343 persons referred, ophthalmologists returned 1514 (24%) outcome forms. A form
was not returned for 4829 (76%) participants. Six hundred seventy one participants (n=671,
44.3%) obtained an eye exam after the referral generated from the public service
announcement. Among those participants who did not have an eye exam, 756 (49.9%) did
not make an appointment, and 87 (5.7%) made an appointment but did not come to the
appointment.

Those referred (n=6343) had an average (+/− standard deviation) age of 62.3 (+/−11.7)
years; were predominately female (65.8%); and were more likely to be uninsured (52.2%).
They had a family history of glaucoma in 39.4%; had an average (+/−standard deviation)
glaucoma score of 5.1 (+/−1.5); had a medical history of diabetes in 23.5%; and lived an
average (+/−standard deviation) of 10.7 (+/−21.5) miles from the ophthalmologist’s office.
Their ethnicities included 62.0% white, 27.0% African-American, 9.0% Hispanic, 0.9%
Asian/Pacific islander, and 1.1% “other ethnicities”.

We explored the possibility of selection bias between those with and without outcome forms
in Table 2. This table demonstrates differences between those with outcome forms returned
(were included in the study) and those who did not have an outcome form returned (not
included). We used the inverse probability weighting method13 to adjust for these
differences. Based on the results of Table 2, we included as covariates: age, gender,
insurance status, family history of glaucoma, and medical history of diabetes. The logistic
regression model for creating weight included: dependent variable Y= outcome form
returned (yes/no), intercept= −0.653, and covariates (β=beta coefficient) of age (β=−0.012),
gender(β=0.221), insurance status(β=−0.301), family history of glaucoma(β=.032), and
medical history of diabetes(β=0.121).

Factors associated with obtaining an eye exam after referral resulting from public service
announcement

Table 3 documents the factors associated with having an eye exam. Female gender, younger
age, shorter distance from the doctor, not having insurance coverage, history of diabetes and
family history of glaucoma increased the likelihood of having an eye exam based on
univariate analysis. A multivariate regression analysis showed gender (p=0.01), insurance
status (p<0.001), history of diabetes (p<0.001) and distance from the doctor (p<0.001) to be
significantly associated with obtaining an eye exam. The results were similar when using
statistical weighting except that younger age became significant.

Table 4 shows the diagnoses of participants who obtained an eye exam. Cataract (42.6%)
was the most common diagnosis. A diagnosis of glaucoma or glaucoma suspect occurred in
18.5% of participants. Other common diagnoses included refractive error, and dry eyes. A
normal eye exam was found in 5.8%. Glaucoma risk score was not significantly associated
with a diagnosis of glaucoma (Odds Ratio=1.08, 95% confidence interval = 0.90–1.30,
p=0.44), but was significantly associated with a diagnosis of glaucoma suspect (Odds
Ratio=1.30, 95% confidence interval = 1.13–1.49, p<0.001) and a combined glaucoma or
glaucoma suspect diagnosis (Odds Ratio= 1.22, 95% confidence interval =1.09–1.37,
p<0.001).
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Discussion
Organizations use public service announcements to promote health awareness of many
issues from smoking cessation13 to colorectal cancer screening.14 To our knowledge, this is
the first study exploring the effectiveness of nationwide public service announcements to
encourage individuals at increased risk for glaucoma to have an eye exam. We were also
interested in the factors associated with obtaining an eye exam among participants identified
as being at increased risk for glaucoma. Results from our analysis show that participants are
more likely to obtain an eye exam if they are female, uninsured, have a history of diabetes
and live closer to the ophthalmologist’s office. Ophthalmologists diagnosed cataract,
refractive error, glaucoma suspect, dry eyes, and glaucoma most commonly, with only a
small proportion (5.8%) having a normal eye exam. This represents a large number of vision
threatening conditions. We also found that a one-point increase in the glaucoma risk score-
greater than or equal to the threshold score of 4 resulted in a 22% increase (Odds
Ratio=1.22, p <0.001) in the risk of having a diagnosis of glaucoma suspect or glaucoma.

Factors associated with obtaining an eye exam after referral
One factor previously reported as a barrier to seeking follow up care is lack of health
insurance,5,15,16 even when the care was provided free of charge.5 Our results may seem
contradictory since participants were more likely to have an exam if they were uninsured.
One explanation is that those with insurance had more flexibility to see an eye care provider
outside of the Glaucoma EyeCare Program. This eye care provider may have an office
location or an appointment time that is more convenient. Inability to take time away from
work, co-payments, and insurance deductibles may have also discouraged those with
insurance from obtaining an eye exam. Future studies should explore the reasons why those
with insurance are less likely to have an eye exam after a public service announcement.

Female participants in the current study were more likely to have an eye exam. Others have
previously reported gender differences in utilization of medical care.17–19 These studies
suggested that women recognize symptoms of disease and have a greater interest in health
maintenance than men. A study by Green, et al18 found that gender-related attitudinal and
behavioral factors are more powerful predictors of health care utilization than health-related
knowledge.

We also found that decreased distance between the participant and the ophthalmologist
increased the likelihood of having an eye exam. Though in a practical sense the difference
was small (9 miles for those who had an exam versus 13 miles for those who did not), it was
statistically significant. Lack of adequate transportation has often been found to be a
significant limiting factor in receiving follow up medical care.20,21 One solution may be to
provide free transportation. However, this may not be sufficient as Quigley5 found that only
9% of participants cited lack of transportation as the reason they did not appear for follow-
up. A second solution would be to increase the numbers of participating Glaucoma EyeCare
Program providers in low utilization areas.

Participants with diabetes in our study were found to be more likely to follow up than those
who did not. Diabetic patients are known to have a high prevalence of comorbidities and
disabilities.22 Participants without diabetes in our study may have had less comorbidity and,
consequently, they may also have felt that their overall health status was better and did not
require an eye exam.

Surprisingly, family history was not found to be significant factor for increasing the
likelihood of having an eye exam. As in many previous glaucoma prevalence studies23,24,
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our family history data was based solely on participant recall and this may have led to an
underrepresentation of family history of glaucoma.

Effectiveness of Public Service Announcements
The advantage of utilizing public service announcements when compared to glaucoma
screenings is that public service announcements facilitate exposure to a wide sector of the
community through mass media advertising. The Glaucoma EyeCare Program used several
proven methods to increase the effectiveness of public service announcements, including the
incorporation of emotional appeals (Kean LG, Albada KF. The effectiveness of anti-
smoking public service announcements: do emotional appeals work? Paper presentation:
International Communication Association, New Orleans Sheraton, New Orleans, LA Online
May 27, 2004), the highlighting of negative consequences of the disease25 and the use of
celebrity spokespersons.26 In one year of this program, 10,945 people called the toll-free
telephone number. Other programs, such as that launched by The Cancer Project, are known
to have reached an audience in the millions using similar mass media outlets
(www.cancerproject.org; accessed June 14, 2009). Similarly, over the last 20 years, the
Glaucoma EyeCare Program may have impacted hundreds of thousands of people by raising
awareness of glaucoma and its risk factors, and the need for an eye exam.

Although effective in reaching their intended audience, one limitation of recruitment
through public service announcements is that they depend on high-risk participants to seek
their own follow up care. Our study showed that 44% of participants presented for follow up
care, which is similar to the 41% reported by Quigley5 in a glaucoma screening study, but
lower than the 69% reported by Mansberger.6 Differences between public service
announcements and glaucoma screening studies may account for some of the differences in
results. For example, the Glaucoma EyeCare Program referred only those who were eligible
via a telephone interview, while the glaucoma screening studies5,6 used an abnormal
Frequency Doubling Technology result and a written detailed explanation to encourage
participants to seek follow-up. This written visual representation of visual field loss may
have encouraged follow up with an eye exam. The glaucoma screening studies contacted
participants by telephone and mail after the initial screening to encourage follow-up.5,6
Perhaps additional follow-up mail or telephone calls would have increased the proportion of
participants presenting for an eye exam after a public service announcement. Indeed, a major
challenge in decreasing undiagnosed glaucoma lies in getting patients into the physician’s
office. A recent study by Topouzis27 found that patients who had not visited an
ophthalmologist in the previous 12 months were six times more likely to have undiagnosed
glaucoma as those who had. Regardless of the method employed, increased awareness of
glaucoma risk factors and of the importance of having an eye exam remains a key factor in
providing treatment to those who need it. Overall, our results suggest that a similar
proportion of participants obtain an eye exam after a public service announcement when
compared to glaucoma screening studies. Future studies should examine methods of
increasing the proportion of participants who obtain an eye exam after public service
announcements and glaucoma screenings.

Limitations
In order to be included in our study population, participants must have been witness to one
of the public service announcements. We acknowledge that this creates a selection bias for
individuals with the means and opportunity to bear witness to a public service
announcement. This limitation is inherent in the nature of our study and inevitable. A second
possible source of selection bias could have arisen from a relatively low participation from
participating providers. Some of our results were dependent on ophthalmologists returning
the outcome forms and only 24% of outcome forms were returned. We do not know the
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reason for this low proportion, nor why differences were present between those with and
without outcome forms. However, we found similar results after adjusting for this potential
bias. It is also possible that the proportion of participants who obtained an eye exam was
higher than the 41% reported in this study. This may have occurred if participants chose to
see an eye care provider outside of the Glaucoma EyeCare Program.

Ophthalmologists reported a large number of vision threatening conditions. These results are
similar to a previous community screening for glaucoma, which also showed a high
proportion of cataract, glaucoma or glaucoma suspect diagnoses.6 However, these results
should be treated with caution since our methods did not include a case definition for
diagnoses such as cataract, and we were unable to scrutinize medical records to verify
diagnoses. These methods would increase the validity of the proportion and type of eye
disease found in this study. Also, we determined that the glaucoma risk score was associated
with glaucoma suspects and a combined diagnosis that included either glaucoma or
glaucoma suspects. It was not predictive of a glaucoma diagnosis. Determining the
predictive value of the glaucoma risk score would require an analysis including all risk
scores, not just those included in this study with a threshold score ≥4.

Additionally, our study is limited by the lack of set definitions for glaucoma and glaucoma
suspect. Topouzis27 found that among a population of randomly selected participants, one
out of three with undiagnosed glaucoma had visited an ophthalmologist in the previous year.
These results are likely influenced by provider variability in relation to diagnostic protocols.
Indeed the lack of a universal set of criteria for glaucoma diagnosis continues to present
challenges. A panel of glaucoma experts was recently presented with clinical case scenarios
and agreement on the appropriateness and inappropriateness of treatment glaucoma suspects
was measured28. While the experts were in close agreement on appropriate and
inappropriate treatment, they also agreed that for 35% of the scenarios they were uncertain.
For the time being, standardized criteria for glaucoma diagnosis will remain elusive.

We cannot suggest public service announcements or community screenings as the preferred
approach to decrease the risk of undiagnosed glaucoma. Each method has advantages and
disadvantages, and each may reach different segments of the population. We need future
studies comparing these approaches.
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Figure 1.
Flowchart of Glaucoma EyeCare Program Participants (US= United States, HMO=Health
Maintenance Organization, VA=Veterans Administration)
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Table 1

Telephone survey questions with associated score values

1. Family history Score value

 My parent or child has glaucoma 2

 My brother or sister has glaucoma 4

 My parent and brother or sister has glaucoma 4

 There is no known glaucoma in my family 0

2. Race

 I am white/Caucasian 1

 I am Hispanic 2

 I am black/African American 3

3. Age

 I am younger than 40 years old 0

 I am 40–49 years old 1

 I am 50–59 years old 2

 I am 60 or older 3

*
A total score of 4 or greater (≥4) is considered high risk for glaucoma.
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Table 2

Sociodemographic characteristics for referred participants who did and did not have outcome forms returned

Outcome Form Returned (n=1514) Outcome Form Not Returned (n=4829) p value*

Age (mean +/− std) 60.3 +/− 11.0 62.9 +/− 11.8 <0.001

 < 40 43 (2.8) 116 (2.4)

 41–60 688 (45.4) 1728 (35.8)

 61–80 707 (46.7) 2604 (53.9)

 >80 76 (5) 381 (7.9)

Gender (% female) 1054 (69.6) 3122 (64.7) <0.001

Ethnicity (white vs. Other) 0.001

 White 886 (58.5) 3048 (63.1)

 African American 420 (27.7) 1290 (26.7)

 Hispanic 172 (11.4) 400 (8.3)

 Asian/Pac Islander 9 (0.6) 49 (1)

 Other 27 (1.8) 41 (0.8)

Uninsured 854 (56.4) 2181 (45.2) <0.001

Family History of Glaucoma 658 (43.5) 1842 (38.1) <0.001

Glaucoma Score 5.2 +/− 1.5 5.1 +/− 1.5 0.21

Medical History of Diabetes 381 (25.2) 1109 (23.0) 0.08

Distance from ophthalmologist (miles) 11.2 10.5 0.26

*
Compared groups using chi-square tests for dichotomous variables, and t-test for continuous variables.
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Table 4

Eye problems of participants who attained an eye exam (n=671 participants).

Eye Problem* n (%)

Cataract 286 (42.6)

Refractive error 97 (14.5)

Glaucoma suspect 76 (11.3)

Dry eyes 59 (8.8)

Glaucoma 48 (7.2)

Normal eye exam 39 (5.8)

Diabetic retinopathy 38 (5.7)

Posterior capsular opacity 24 (3.6)

Other retinal disease** 22 (3.3)

Conjunctival and/or lid problem 22 (3.3)

Amblyopia 12 (1.8)

Macular degeneration (dry and/or wet) 11 (1.6)

Other diseases† 9 (1.3)

Vitreous opacities 9 (1.3)

Traumatic injury 4 (0.6)

Unknown diagnosis 3 (0.4)

*
Total does not add to 671 because some participants had multiple eye problems.

**
Other retinal diseases (some had multiple retinal problems) included: lattice degeneration (n=4), hypertensive retinopathy (n=4), retinal vein

occlusion (n=4), chorioretinal scars from histoplasmosis (n=3), choroidal nevus (n=2), epiretinal membrane (n=2), macular hole (n=2), retinal
detachment (n=2), and central serous chorioretinopathy.

†
Other diseases included corneal disease (n=4), strabismus (n=3), and optic atrophy (n=2).
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