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Abstract

PURPOSE—To estimate the incidence of cataract surgery in a defined population and to
determine longitudinal cataract surgery patterns.

SETTING—Mayo Clinic, Rochester, Minnesota, USA.
DESIGN—Cohort study.

METHODS—Rochester Epidemiology Project (REP) databases were used to identify all incident
cataract surgeries in Olmsted County, Minnesota, between January 1, 2005, and December 31,
2011. Age-specific and sex-specific incidence rates were calculated and adjusted to the 2010
United States white population. Data were merged with previous REP data (1980 to 2004) to
assess temporal trends in cataract surgery. Change in the incidence over time was assessed by
fitting generalized linear models assuming a Poisson error structure. The probability of second-eye
cataract surgery was calculated using the Kaplan-Meier method.

RESULTS—Included were 8012 cataract surgeries from 2005 through 2011. During this time,
incident cataract surgery significantly increased (P < .001), peaking in 2011 with a rate of 1100
per 100&thinsp;000 (95% confidence interval, 1050-1160). The probability of second-eye surgery
3, 12, and 24 months after first-eye surgery was 60%, 76%, and 86%, respectively, a significant
increase compared with the same intervals in the previous 7 years (1998 to 2004) (P < .001).
When merged with 1980 to 2004 REP data, incident cataract surgery steadily increased over the
past 3 decades (P < .001).

CONCLUSION—Incident cataract surgery steadily increased over the past 32 years and has not
leveled off, as reported in Swedish population-based series. Second-eye surgery was performed
sooner and more frequently, with 60% of residents having second-eye surgery within 3-months of
first-eye surgery.
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Age-related cataract affects more than 22 million people in the United States, with direct
medical costs for cataract treatment estimated at $6.8 billion annually.! It is estimated that
the number of persons with cataract will rise to 30 million by 2020.2 The resultant cataract
treatment burden will likely influence the distribution of future U.S. health care funding.
Understanding temporal cataract surgery rates and factors that influence these rates will
better allow us to develop effective policies and procedures to manage costs and to ensure
access to appropriate care.

In the U.S., limited population-based cross-sectional or annual rates of incident cataract
surgery are available.3-8 Few data on longitudinal cataract surgery rates exist.”~1 Much of
the U.S. data are nearly a decade old, lack historical depth, and are limited to the Medicare
population. In contrast, population-based cataract surgery databases outside the U.S. are
more common.11-17

Population-based incidence data for cataract surgery is advantageous over cross-sectional
prevalence data in that it more accurately estimates changes in annual demand. The
Rochester Epidemiology Project (REP) is a rare example of a population-based medical
record linkage system in the U.S. that has almost a half a century of activity. The REP
databases record virtually all patient—physician encounters within a stable well-defined
geographic area for which the REP has complete data capture. The usefulness of the REP in
providing accurate long-term population-based studies of disease incidence is well
established.18-20

In this population-based study, we determined the incident cataract surgery rates in the 7-
year period from January 1, 2005, through December 31, 2011, in Olmsted County,
Minnesota, and merged the data with earlier observations over the previous 25 years,3-10
thereby allowing collection of long-term longitudinal cataract surgery patterns and factors
that influence cataract surgery incidence rates.

PATIENTS AND METHODS

Data Sources

Data were obtained using the resources of the REP, a medical records linkage system that
has linked and archived the medical records, medical diagnoses, surgical interventions, and
demographic information of virtually all persons residing in Olmsted County, Minnesota, for
more 40 years.18:20.21 Compared with the entire U.S. population, the county is less
ethnically diverse (72.4% versus 85.7% white), more educated (85% versus 94% high
school graduates), and wealthier ($51&thinsp;914 versus $64&thinsp;090 median household
income; 2010 U.S. census data).However, the characteristics of the population are very
similar to the populations of Minnesota and the Upper Midwest.22 Only a small proportion
of the population (approximately 2%) does not allow any of their medical records to be used
for research.22

Health care institutions in the REP provide virtually all medical care for this relatively
isolated semi-urban county (2010 total county population, 144&thinsp;248) and include the
Mayo Clinic and its 2 affiliated hospitals, Olmsted Medical Center and its affiliated hospital,
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and the Rochester Family Medicine Clinic. To enumerate the population, the medical
records are linked across different health care providers to create a list of unique subjects.
Then, residency criteria and imputations are applied to describe the residency status of
residents over time. As a result, the REP provides a data-retrieval system for a complete
description of virtually all sources of medical care used by the Olmsted County population
over time.18:20-22

Cataract Surgery Cohort

With approval from the Mayo Clinic and Olmsted Medical Center institutional review
boards, all incident primary cataract surgeries performed on Olmsted County residents
during the 7-year period between January 1, 2005, through December 31, 2011, were
retrospectively identified using the International Classification of Diseases, 9th Revision,
ICD-9 procedure codes and Current Procedural Terminology, CPT Procedure codes.
Included were cataract extractions performed by phacoemulsification, extracapsular cataract
extraction, intracapsular cataract extraction, lens aspiration, and pars plana lensectomy as a
primary procedure or as a combined procedure with penetrating keratoplasty,
trabeculectomy, or glaucoma shunt procedure. Pars plana lensectomy when combined with a
vitreoretinal procedure to improve surgical visualization and cataract extraction in the
surgical management of ocular trauma were excluded. Olmsted County residence at the time
of surgery was verified using previously validated procedures.18:20.21 A previous REP
record review verified case over-ascertainment of less than 1%.23

During the study period, 13 ophthalmologists were available to provide cataract surgery to
county residents, as well as regional, national, and international patients. Cataract surgery
referrals were from county ophthalmologists, optometrists, and nonophthalmology physician
colleagues. Surgeons had varying levels of experience ranging from beginning surgeons in
an ophthalmology residency program to surgeons practicing more than 25 years and
performing more than 500 cataract surgeries annually. There were no changes in
reimbursement rules during the study period.

Data Collection and Analysis

In all identified cohort cases, REP databases provided sex, operated eye, date of birth, and
date and type of cataract extraction. The medical records of all identified cohort cases that
were not coded as phacoemulsification were manually reviewed to confirm the accuracy of
coding.

Annual incidence rates for each sex and age groups were calculated by dividing the number
of cataract surgery cases by REP census population estimates. The REP census data provide
a validated, virtually complete enumeration of the Olmsted County population at any point
in time.18:20.21.24.25 Estimates from the State of Minnesota Demographers Office were used
to aid with linear interpolation between census years. Incidence rates were age-adjusted and
sex-adjusted to the population structure of the 2010 U.S. white population to allow
comparison of this data to data from other populations that may have different age and sex
distributions.
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The 95% confidence intervals (Cls) for the rates were calculated assuming Poisson error
distribution. The relation of cataract surgery incidence rates to age and time of surgery was
assessed by fitting generalized linear models assuming a Poisson error structure. The
cumulative probability of second-eye cataract surgery was calculated using the Kaplan-
Meier method. The comparison of the curves between time periods was completed using a
log-rank test.

RESULTS

During the study period 2005 through 2011, 8012 incident cases of cataract surgery in 5725
Olmsted County residents were identified. Table 1 shows the demographic and clinical data.
The mean age at cataract surgery was 73 years £ 11 (SD) (range 4 weeks to 100 years), with
1552 cataract surgeries (19%) performed in residents younger than 65 years.

Figure 1 shows age-adjusted and sex-adjusted incidence of cataract surgery during the study
period (2005 through 2011). During this time, the overall cataract surgery incidence, age-
adjusted and sex-adjusted to the U.S. white population in 2010, was 950 per 100&thinsp;000
(95% Cl, 930-970). The mean annual rate for women was 1020 per 100&thinsp;000 (95%
Cl, 990-1050) and was significantly higher than for men (870 per 100&thinsp;000) (95%
Cl, 840-900; P < .001). Incident cataract surgery increased substantially during the 7-year
study period (P < .001), reaching a peak overall incidence of 1100 per 100&thinsp;000
(95% ClI, 1050-1160) in 2011.

The overall rate at which incident cataract surgery increased in 2005 through 2011 was
unchanged compared with the previous 7-year period, 1998 through 2004 (P = .10). There
was, however, a sex-specific difference. The rate at which cataract surgery increased in
women was significantly higher in 2005 through 2011 than in 1998 through 2004 (P = .01),
whereas no significant difference was found in men (P = .73) (Figure 1).

Figure 2 shows the age-specific incidence of cataract surgery from 2005 through 2011, and
merged with previous REP data from 1980 through 2004. During the 2005 through 2011
study period, the mean incident cataract surgery was highest in persons 80 to 89 years of age
(6940 per 100&thinsp;000 [95% CI, 6630-7510]), and this group also showed the highest
cataract surgery incidence rate over the extended period, 1980 through 2004. There was a
significant increase in incident cataract surgery over the 32-year study period in the age
groups younger than 50 years, 50 to 59 years, 60 to 69 years, 70 to 79 years, and 80 to 89
years from 1980 through 2011 (all P < .001). There was no significant increase over time in
the age group 90 years and older (P =.08).

Figure 3 is a Kaplan-Meier plot showing the probability of second-eye cataract surgery.
During the 7-year study period (2005 through 2011), the probability of second-eye cataract
surgery 3 months, 12 months, and 24 months after first-eye surgery was 60%, 76%, and
86%, respectively. In contrast, in the previous 7-year period (1998 through 2004), the
probability of second-eye surgery 3 months, 12 months, and 24 months after first-eye
surgery was significantly less at 28%, 45%, and 60%, respectively (all P <.001).
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Current data were merged with previous REP data (1980 through 2004) to create a 32-year
population-based longitudinal cataract surgery registry (Figure 4). In this extended study,
cataract surgery was higher in women (P < .001) and increased with age (P < .001) and the
overall incident cataract surgery rates continued to steadily increase (P < .001) with no
indication of leveling off.

DISCUSSION

Incident cataract surgery steadily increased during the study period of 2005 through 2011,
reaching a peak rate of 1100 per 100&thinsp;000 residents in 2011, the highest rate recorded
in our population over the past 32 years. Merging the current incidence data with previously
published data from 1980 through 2004 provides more than 3 decades of continuous
population-based information on temporal cataract surgery incident rates in the U.S. During
the past 32 years, incident cataract surgery continued to steadily increase in our population
base, with no indication of leveling off, as reported in large population-based studies in
Sweden.12.16

There are few previous estimates of the incidence of cataract surgery in the U.S.,57:8.10.11
and some data are more than a decade old.>10-11 More recently, Williams et al.,” in a
national self-reported cataract surgery survey of 8670 person 69 years or older, found an
annual cataract surgery incidence of 5.3% between 1995 and 2002. Comparable REP data
for persons older than 65 years during the same time period would have found an annual
cataract surgery incidence of 4.5%. Schein et al.,3 using a 100% sample of Medicare
beneficiaries aged 65 years or older, report a national cataract surgery incidence of 61.8 per
1000 persons in 2003 to 2004. During the same period, our REP data showed a lower
incidence of 46.2 per 1000 residents aged 65 years and older. This difference may be, in
part, because Medicare procedure codes will overestimate procedure frequency when a
second physician provider uses the same code for support services or when the code is used
for comanagement of patients.>°

Medicare databases are very valuable because they are large and racially and geographically
diverse.346 However, these databases are limited to the U.S. population 65 years and older.
Thus, Medicare databases miss many younger patients who have cataract surgery. In our
study, Medicare databases would have missed 19% of cataract surgeries performed on
county residents younger than 65 years. Although not applicable to our population,
Medicare databases also exclude patients in Medicare health maintenance organizations,
which comprise approximately 15% of all Medicare beneficiaries.

Population-based estimates of incident cataract surgery are more common in other
developed countries.12-17 The Swedish National Cataract Register (SNCR) contains
incidence data on more than 1 million cataract surgeries and comprises more than 95% of
surgeries performed in Sweden.12 Until 2002, REP cataract surgery incidence data®19 nicely
paralleled incidence data in the SNCR. In 2002, the SNCR documented a leveling off of
incident cataract surgery to between 8000 and 9000 procedures per million, and the rate has
remained stable up to 2009. In contrast, REP incident cataract surgery continued to steadily
increase after 2002 at a rate of growth unchanged from previous years and has reached
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higher surgical rates (11&thinsp;000 procedures per 1 million in 2011) than reported in the
SNCR.

In recent surveys, the frequency of second-eye surgery has increased and now accounts for
35% to 40% of all cataract operations.3:8:12.26.27 Bjlateral cataract surgery has been shown
to be cost effective?8 and to improve patient satisfaction??:29:30 compared with unilateral
cataract surgery. Disturbed motion perception, disturbed stereoacuity, and disturbances from
anisometropia are reported disabilities perceived by patients after unilateral cataract surgery
or with a cataract in the fellow eye after first-eye surgery.31-33 In addition, second-eye
surgery improves mobility orientation and aids in avoiding falls.3* The patient’s perception
of disability and visual functioning is an important factor in a surgeon’s final decision
making on whether second-eye cataract surgery should be performed.

In our population, there has been a shift to earlier and more frequent second-eye surgery,
perhaps due to these documented benefits. In the current 7-year study period, the rate of
second-eye surgery 3-months after first-eye surgery more than doubled compared with the
previous 7-year period (60% versus 28%) (P < .001). In addition, the rate of second-eye
surgery 12 months and 24 months after first-eye surgery (76% and 86%, respectively) was
significantly increased over the same time intervals (45% and 60%, respectively) in the
previous 7-year period (1998 through 2004) (P < .001).

Consistent with other studies, persons in the ninth decade of life have the highest incidence
of cataract surgery,’10.11 |ikely due to the slowly progressive and age-related nature of
cataracts. This trend likely does not continue for persons in their 90s because many
individuals in this group have already had cataract surgery or may be deemed poor surgical
candidates.3! Similar to previous studies,3 71912 our study showed a consistently higher
incidence of cataract surgery among women throughout the past 32 years. In the past 7
years, there has been a significant acceleration in the rate of cataract surgery in women, but
not in men.

It is important for future planning of cataract treatment to understand the reasons for rising
cataract surgery rates. First, surgical rates increase when access to surgery is improved for
patients with new cataract and those with previously unmet needs. Over the past decade, the
number of cataract surgeons in Olmsted County increased 27% and an outpatient surgery
center was opened in the community. Higher cataract surgical rates have been correlated
with the use of outpatient surgical centers compared with hospital-based surgery among
Medicare beneficiaries.® Second, cataract surgery rates increase when widening indications
for surgery are adopted because this creates a larger surgery population and an increase in
second-eye surgery. Although second-eye surgery is associated with higher patient
satisfaction and improved quality of life,26 earlier second-eye surgery is also associated with
increased surgery rates.3

Strengths of the REP include the ability to perform accurate long-term population-based
studies within a stable well-defined geographic area for which the REP has complete data
capture. Incorrect inclusion within our cataract surgery cohort is estimated at less than 1%.23
Virtually all county residents have surgery at sites for which REP has complete data
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capture.23 Complete and long-term follow-up is possible because 90% of older adults are
seen at least once at REP sites within a 1-year period.22 In addition, the median number of
years encompassed by the combined medical records for county residents 60 years of age
and older ranges from 41 to 51 years. The REP avoids patient inclusion bias and recall bias,
which are common confounders in series that are not population based. Finally, REP

databases are inclusive of all ages, which is not possible using Medicare beneficiary
data. 18,2021

We acknowledge limitations of the REP with regard to diversity and geography. Although
the age, sex, and ethnic characteristics of Olmsted County residents are similar those in the
state of Minnesota and the Upper Midwest, Olmsted County residents are less ethnically
diverse, more highly educated, and wealthier than the overall U.S. population.1820 As a
consequence, judgment is necessary when generalizing to other populations. Blacks, for
example, are underrepresented in Olmsted County and have a lower rate of cataract surgery
than whites among Medicare beneficiaries.3” Northern U.S. latitudes, such as Olmsted
County, also have lower cataract surgery rates than southern latitudes.® Results in numerous
previous studies in Olmsted County, however, have generally been consistent with national
data where available.35-38 In addition, no single community in the U.S. is completely
representative of the entire U.S. and no specific geographic unit can claim a superior level of
representativeness.39:40

In summary, incident cataract surgery has steadily increased in our population over the past
3 decades, with no indication of leveling off as reported in large population-based series in
Sweden. Second-eye surgery is performed sooner and more frequently than in the past, with
60% and 86% of residents having second-eye surgery within 3 month and 24 months of
first-eye surgery. Our updated incidence data estimates changes in annual demand for
cataract surgery and should prove useful in planning future health care spending and in
ensuring adequate access to appropriate cataract treatment.
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Figure 1.
Overall and sex-specific incidence of cataract surgery among all residents of Olmsted

County, Minnesota, 2005 through 2011, by year.
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Figure 2.

Age-specific incidence of cataract surgery among all residents of Olmsted County,
Minnesota, 1980 through 2011, by year. Solid lines represent 2005 through 2011, and
dashed lines represent 1980 through 2004.8.10
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Figure 3.
Cumulative probability of second-eye cataract surgery in all Olmsted County residents

between 2005 and 2011 (solid line) versus the probability of second-eye cataract surgery
between 1998 and 2004 (dashed line, P < .001; Kaplan-Meier analysis).
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Figure 4.

Age-adjusted and sex-adjusted incidence of cataract surgery among all residents of Olmsted
County, Minnesota, 1980 through 2011, by year. The solid line represents 2005 through
2011, and the dashed line represents 1980 through 2004.8-10 The incidence of cataract
surgery in Olmsted County has steadily increased over the past 3 decades with no indication
of leveling off. Second-eye surgery is increasing in frequency.
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Demographic characteristics of the REP cataract surgery cohort, 2005 through 2011 (N = 8012).

Table 1

Variable Number (%6)
Cataract extraction technique
Phacoemulsification 7971 (99.5)
ECCE 34 (0.4)
ICCE 1(0.0)
Aspiration or lensectomy 6 (0.1)
Sex
Male 3209 (40)
Female 4803 (60)
Age at cataract extraction (y)
0-9 18 (0.2)
10-19 8(0.1)
20-29 14 (0.2)
30-39 39(0.5)
40-49 187 (2.3)
50-59 661 (8.2)
60-69 1743 (21.8)
70-79 3131 (39.1)
80-89 2008 (25.1)
=90 203 (2.5)

ECCE = extracapsular cataract extraction; ICCE = intracapsular cataract extraction
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