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Utilizing Data Mining Algorithms and Geospatial Analysis to
Study Cataract Surgeries in Florida

Mahmood Khan', Amritha Kanakamedala?, Zaina Al-Mohtaseh®

"Department of Ophthalmology, Weill Cornell Medical College, New York, New York, USA, *Department of Ophthalmology and Visual Sciences,
Washington University in St. Louis, St. Louis, Missouri, USA, *Department of Ophthalmology, Cullen Eye Institute, Baylor College of Medicine, Houston, Texas, USA

Purpose: To determine statewide cataract surgery rates with cataract extraction with intraocular lens implantation (CEIOL) in Florida from
2005 to 2014 among Caucasians, African—Americans, Hispanics, and Asian/Pacific Islanders.

Methods: This is a retrospective database study analyzing ambulatory surgical data in Florida from 2005 to 2014. Using the Agency for Healthcare
Research and Quality’s Healthcare Cost and Utilization Project (HCUP) and State Ambulatory Surgery and Services Databases (SASD), the
authors utilized data mining algorithms to analyze and graphically represent disparities in the delivery of cataract surgery, changes in surgery
volume, and demographic characteristics in patients 65 years and older in all Florida counties from 2005 to 2014.

Results: Cataract surgeries performed in patients >65 years of age represented 1,892,132 (14.90%) of the 12,695,932 total ambulatory surgical
procedures from 2005 to 2014 in the HCUP-SASD Florida database. More surgeries were performed in females versus males, P < 0.001.
Caucasians, African—Americans, and Hispanics represented 82.23%, 4.95%, and 10.69% of the utilization rate of all CEIOLs, respectively.
From 2005 to 2014, the average surgery volume increased by an average rate of change of 1.29%. Cataract surgery penetration in the general
population observed a steady decrease from 18.82% in 2005 to 16.66% in 2014.

Conclusions: Cataract surgery in Florida exhibited an unequal distribution with respect to gender and race, and select counties exhibited
marked changes in surgical volume over the past 11 years. This study establishes a method for data mining and geospatial analysis to study
surgical and epidemiological trends and identify disparities in delivery of healthcare.

Keywords: Cataract, Data mining, Epidemiology, Public health

Address for correspondence: Zaina Al-Mohtaseb, Department of Ophthalmology, Baylor College of Medicine, 6565 Fannin, NC205, Houston,
Texas 77030, USA.

E-mail: zaina@bcm.edu

Submitted: 11-Apr-2021;  Revised: 06-Jul-2021;  Accepted: 07-Jul-2021;  Published: 16-Apr-2022

INTRODUCTlON quality of life, making it a growing public health concern.*
Cataract continue to be a target of epidemiologic and genetic
research that serves to provide insight into causative factors
and develop novel treatment options aimed at reducing disease
burden.’

Cataract is one of the leading causes of blindness worldwide. It
is estimated that 25.4 million Americans 40 years and older in
the United States suffer from this condition.! Moreover, recent

studies in the literature estimate that 13.5 million people in the
year 2020 were blind secondary to cataract.>? Cataract extraction and intraocular lens (CEIOL) placement is

the mainstay treatment. Currently, 18 million cataract surgeries
are performed worldwide annually, and it is estimated that
the number of operations will increase to 24 million in years

Given the increasing aging population, the number of
individuals with cataract is estimated to increase to 30 million
by 2020.> Cataract impair vision and can negatively affect
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to come as the aging population increases.® Furthermore,
treatment for cataract comprises a substantial portion of
Medicare costs.* Americans spend approximately $6.8 billion
annually on medical costs and services related to cataract
treatments, which account for approximately 5% of the total
Medicare budget.*’

Existing population-based studies on cataract surgery in the
United States are limited in power and number of years studied.**
Existing studies have found that cataract disproportionately
affect the elderly and females more than males.” There is a
disparity not only in the incidence of cataract but also in access
to cataract surgery for racial and ethnic minorities. In one study
analyzing racial differences in blindness among Caucasians
and African—Americans in Baltimore, results showed that
un-operated cataract accounted for 27% of all blindness among
African—Americans. Furthermore, un-operated cataract were
four times more prevalent among African—Americans than
Caucasians. In fact, Caucasians were almost 50% more likely
than African—Americans to have undergone cataract extraction
before the age of 80.!°

Recently, policy reform has focused on attempting to reduce
racial disparities in healthcare utilization. Race, one’s
geographic location, and other socioeconomic factors play a
major role in healthcare utilization, access, and outcomes.'!
While a number of studies have analyzed the influence of
geography and race on access to healthcare treatments, only
one study published in 2015 used geospatial analysis to analyze
the effect of racial residential segregation on access to cataract
extraction by African—-Americans and Caucasians.® In that
study, researchers used the national prevalence data from the
National Institute of Eye Health and the 2010 Healthcare Cost
and Utilization Project (HCUP)-Florida State Ambulatory
Surgery Database (SASD) to estimate the number of cataract
cases and the actual number of cataract procedures performed
on four race/gender-determined groups aged 65 and over in
the state of Florida in 2010. Our work expands on this study
by analyzing data in Florida from 2005 to 2014 in addition to
analyzing several other factors, explained below. Geospatial
analysis can provide a visual representation of access to
healthcare and demonstrate patterns across regions. This type
of analysis can help policy makers, researchers, and healthcare
providers in identifying underserved areas.'?

Given the increasing volume of cataract surgeries and other
ophthalmological procedures, there will be a growing demand
for ophthalmologists to meet patient care needs.* Studies are
needed to analyze the increasing volume of cataract surgery
and the regional differences in availability of ophthalmologists
in order to assess and predict access to cataract surgery by
geographic region.

The purpose of this study is five fold: (1) To determine the
statewide cataract surgery rates in Florida from 2005 to
2014 among Caucasians, African—Americans, Hispanics,
and Asian/Pacific Islanders; (2) To examine the county-level
racial and geographic variations in receiving cataract surgery
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amongst gender and these four populations; (3) To assess
and predict future case volumes for cataract surgery; (4) To
predict physician needs for the future; (5) To apply geospatial
analysis to graphically represent health disparities and surgical
volume by county.

MEeTHODS

All research activities adhered to the tenets of the Declaration
of Helsinki. Data for the state of Florida from 2005 to 2014
was used for this study.

Data for this study were obtained from the Agency for
Healthcare Research and Quality’s (AHRQ) (U.S. Department
of Health and Human Services, Washington D.C., USA)
HCUP-SASD which captures all ambulatory procedures
performed on the same day in which patients are treated and
discharged from an ambulatory surgical center. This database
captures data from all hospital-owned ambulatory surgery
facilities. All data contained in this database are de-identified
and publicly available.!

Florida was selected for this study due to its large and diverse
population and high concentration of individuals >65 years
of age." Primary analysis was restricted to persons >65 years
who underwent a CEIOL placement. Surgeries were queried
using Current Procedural Terminology codes for extra
capsular cataract removal with insertion of intraocular lens
prosthesis (66982, 66983, 66984). Using the five-digit Federal
Information Processing Standards (FIPS) codes associated
with each surgical encounter, state and county-level data were
obtained from this database. Surgical volume for Caucasian,
African—American, Hispanic, and Asian/Pacific Islander races
are coded within this database and were included in this study.

Data mining and processing were performed using R
(The R Foundation, Vienna, Austria), an open-source
programming language. All data acquisition, processing, and
mapping were performed in accordance with the U.S. Health and
Human Services terms of use. Census data from the Florida Office
of Economic and Demographic Research (Tallahassee, USA)
was used to obtain state and county-level population data from
2005 to 2014." Using national population data statistics from
The World Bank Group (Washington, D.C., USA), percentage
rates for persons >65 years of age in the United States were
estimated.'® Using the National Eye Institute (Bethesda, USA)
U.S. age-specific prevalence for cataract by age, the number of
persons affected by cataract in the state of Florida from 2005 to
2014 was estimated by multiplying national prevalence to the
total number of adults >65 years of age."”

The number of cataract surgeries performed by year was
obtained for each of the 67 counties in Florida. The number of
cataract surgeries for each race within each county and payer
status, gender, and setting of surgery (urban or rural) for each
surgery were also obtained. Similarly, the total number of
ambulatory surgeries including cataract surgeries performed
by race and county were obtained. The percent change in each
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county from 2005 to 2014 was calculated. Using the average
percent change from 2005 to 2014, predicted cataract surgery
volume till 2024 was projected.

The penetration rate of cataract surgeries in the general
population >65 years of age was calculated for each of the 67
counties in Florida. This calculation was performed by using
the number of cataract surgeries as the numerator and dividing
that into the estimated number for the incidence of cataracts in
the general population. The utilization rate was calculated for
each of the 67 counties and also for both males and females
by dividing the total number of cataract surgeries into the
total number of ambulatory surgeries performed. Next, the
total difference in cataract surgery volume by state and each
county was calculated from 2005 to 2014. The codes used to
perform the above analyses can be provided at the request of
other researchers.

Statistical analysis

The Kruskal-Wallis test was used to compare mean differences
between racial and gender groups. Excel (Microsoft, Redmond,
USA) and R were used for all statistical analyses. P<0.05 was
considered statistically significant.

Using county names, FIPS codes, and the software Tableau
Public (Tableau Software, Seattle, USA), differences in case
volume, percentage changes, and disparities in cataract surgery
were mapped. Disparities in cataract surgery were mapped
by calculating the percentage of non-Caucasians undergoing
cataract surgery with intraocular lens implantation in each
county.

ResuLts

Detailed information on total ambulatory surgeries, CEIOL
surgeries, race, and gender are presented in Table 1 and
graphically in Figure 1. The cataract surgeries performed in
individuals >65 years of age represent 1,892,132 (14.90%) of
the 12,695,932 total ambulatory surgical procedures from 2005
to 2014 in the HCUP-SASD Florida database. Furthermore,
the number of surgeries performed in females was found to be
statistically different, P<0.001. All races and genders observed
steady growth in surgical volume from 2005 to 2014.

Caucasians, African—Americans, and Hispanics represented
82.15% (95% confidence interval [CI] [83.10%, 83.21%)]),
4.95% (95% CI [4.89%, 4.95%]), and 10.63% (95% CI[10.59,
10.67]) of the utilization rates of all CEIOLs, respectively.
In Table 2, a total of 1,892,132 surgeries were performed
on 1,076,848 patients. Females outnumbered males by
approximately 3:2 in terms of cataract surgery volume.
Furthermore, the most frequent payers were Medicare
and private insurances [Table 2]. From 2005 to 2014, the
average rate of change in surgical volume increased 1.29%
per year [Table 3]. From 2009 to 2010, the surgical volume
decreased by 5.41%, but from 2011 to 2012, the surgical
volume increased by 5.09%. In 2009, the rate of CEIOL
implantation observed a noticeable decrease for the Hispanic
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race [Figure 1]. Past and predicted future surgical volumes in
all 67 counties in Florida were also represented in Figures 2
and 3. CEIOL penetration in the general population observed
a steady decrease from 18.82% in 2005 to 16.66% in
2014 [Table 3].

Figure 2 shows a graphical representation of the percent
change in cataract surgery from 2005 to 2014. Figure 2
shows a graphical representation of the percentage of CEIOLs
performed in non-Caucasians over the 11 years. Sumter county
observed a 196% increase in surgical volume [Figure 2].
Figure 3 depicts predicted cataract surgery volume changes
from 2014 to 2024. Our results support the existence of
gender differences with Caucasian females having the highest
likelihood of receiving cataract surgery [ Table 1]. At the county
level, Miami-Dade and Sumter counties observed the greatest
increase in surgical volume from 2005 to 2014 and predicted
surgical volume in 2024 [Figures 2 and 3].

Discussion

Cataract is the leading cause of blindness in the world,
primarily affecting the elderly.!® Timely surgical intervention
for cataract not only serves as a curative treatment but also
acts as a preventative measure for overall mortality risk
and injuries secondary to compromised visual acuity."
Despite breakthrough developments in surgical technology,
instrumentation, and research, the delivery and access
to quality surgical care continues to benefit only a select
population in the U.S. Often, preexisting medical conditions,
age, gender, and payer status serve as surrogates for the
prediction of surgical outcomes in most patient populations.
This study intends to show that in addition to these variables,
race is an additional factor that can increase disparities in
access to quality surgical care, specifically cataract surgery.?
The resulting unequal rates of surgery and limited access
to healthcare can negatively affect the clinical outcomes of
millions of patients every year.!’

Studies using single-year data with fewer surgical procedures
have shown increased cataract rates in Caucasians and
females, and a lower utilization rate of cataract surgery
amongst African—Americans.®?° In this study, the authors
report that Caucasians observed the highest utilization rate
at 82.23% followed by Hispanics at 10.69%. Consistent with
previous studies, African—Americans had a lower rate of
utilization, 4.95%, of cataract surgery than Caucasians despite
comprising 13.4% of the population of Florida greater than
age 65 in the most recent census.?'* Although Hispanics and
African—Americans comprise 18.3% and 13.4% of the Florida
population greater than age 65, respectively, there exists a
disproportionate difference in the rate of cataract surgery
utilization between the two groups.?'?* Alternatively, this
difference is visualized in Figure 1, where the rate of change
in cataract surgery from 2005 to 2014 is lower in African—
Americans than in Hispanics and Asian/Pacific Islanders. This
observed disparity toward African—Americans could be due to

39



Khan, et al.: Utilizing data mining algorithms to study cataract surgeries

Table 1: Cataract surgery volume, by race and gender, =65 years, Florida 2005-2014

Year Total Total Caucasian Caucasian  African- African-  Hispanic Hispanic Asian-Pacific  Asian-Pacific
surgeries CEIOL male female American  American male female Islander male Islander
male female female
2005 1,140,317 179,673 64,772 90,944 2644 4809 5922 9320 343 525
2006 1,182,974 180,400 64,961 90,353 2695 4896 6349 9537 395 659
2007 1,262,775 187,011 66,747 90,921 2873 5385 7233 10,667 428 701
2008 1,316,736 188,463 67,164 90,962 3071 5466 7512 11,167 372 722
2009 1,306,748 195,944 69,627 95,652 3412 6327 7192 10,714 469 781
2010 1,289,273 185,352 66,153 87,610 3511 5932 8610 12,356 706 1087
2011 1,263,370 182,183 63,677 85,263 3511 6125 8706 12,678 644 1070
2012 1,298,307 191,465 66,619 88,073 3892 6389 9312 13,322 651 1073
2013 1,316,107 200,946 69,326 93,055 3978 6799 9932 15,129 767 1137
2014 1,319,325 200,695 69,518 91,975 4288 7066 10,212 15,275 755 1205
P* - - <0.001 <0.001 <0.001 <0.001
Total 12,695,932 1,892,132 668,564 904,808 33,875 59,194 80,980 120,165 5530 8960

There was noted a significant difference in cataract surgery volume between genders in each race.*Kruskal-Wallis test. CEIOL: Cataract extraction with intraocular
lens implantation

Cataract ion and IOL ion in i T 65 Years Cataract ion and IOL ion in Afri i Over 65 Years

100000 © Male = Female 8000 © Male = Female

Surgeries
Surgeries

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2005 2006 2007 2008 2000 2000  20m 202 2013 2014

Year Year

Cataract tion and 10L ion in Hispanics Over 65 Years Cataract Extraction and IOL Implantation in Asian or Pacific Islanders Over 65 Years

15000 © Male = Female 1250 © Male = Female

2005 2006 2007 2008 2008 2000 2011 202 2013 2014 2005 2006 2007 2008 2000 2000 20m 202 2018 2014

Surgeries
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Figure 1: Cataract surgery by race and gender, Florida 2005-2014. (Top left) Caucasians, (top right) African—Americans, (bottom left) Hispanics, (bottom
right) Asian or Pacific Islanders

Change in Cataract Surgery Percentage from 2005 to 2014 Percentage of Cataract Surgeries Performed in Non-Caucasians from 2005 to 2014
} SUM(Oference) SUMOterence)

{ X

— ]
302 833

30 E___om

Figure 2: (Left) Change in cataract surgery percentage from 2005 to 2014. (Right) Percentage of cataract surgeries within counties performed in
non-Caucasians from 2005 to 2014

two reasons. First, their residential clustering apart from other ~ access to healthcare and economic opportunities.'® Second, the
races may result in and continue to reinforce disparities in their ~ geographical proximity of Florida relative to US territories and
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Table 2: Demographic, race, setting, and payer status in

patients =65 years, Florida 2005-2014

South American countries that observe high rates of emigration
to this state may artificially increase the difference in rates
of cataract surgeries between the different racial groups. In
certain counties such as Miami-Dade County, there is a high
concentration of immigrant populations that may artificially
inflate the number of cataract surgeries being performed on

Demographics All surgeries

Patients 1,076,848

Surgeries 1,892,132

Gender (%)* Hispanics [Figure 2].
Male (surgeries) 814,209 (42.0)

Female (surgeries)

1,126,506 (58.0)

Race
Caucasian 1,573,372
African-American 93,069
Hispanic 201,145
Asian/Pacific Islander 14,490
Native American 1520
Other 30,588
Setting (%)
Urban 1,426,797 (91.8)
Rural 126,726 (8.2)
Payer (%)
Medicare 1,577,442 (81.5)
Medicaid 19,300 (1.0)
Private 307,129 (16.0)
Self-pay 23,548 (1.41)
No charge 793 (0.04)
Other 12,201 (0.063)

*Not all surgeries include gender, race, setting, or payer codes due to

hospital coding practices

In this study, females underwent more cataract surgeries
than their male counterparts in all racial groups, P < 0.001.
Recent epidemiologic data have shown that cataract is more
prevalent in women than men, with this study showing a
30% difference between genders of all races.® Published
data on the role of endogenous versus exogenous estrogen
in formation of cataract lacks consensus; however, several
studies state that the decrease of estrogen in females during
menopause may increase the risk of cataract formation and that
hormone replacement therapy may counteract this.?>*?’ Studies
by Skiljic ef al. and Abraham et al. have hypothesized that it
is not necessarily the concentration of estrogen but rather its
withdrawal during menopause that may increase the risk of
cataract formation.>?” Estrogen, estradiol, and other derivatives
are known to exert anti-aging effects such as preservation
of telomeres, increased bone mineral density, and reduction
in damage from oxidative stress.?® It is possible that this
increase of oxidative stress during estrogen withdrawal during
menopause may accelerate the formation of cataract in females.

Table 3: Incidence and cataract surgery penetration

Year Population =65 Cataract Surgery Percentage 95% confidence 95% confidence
incidence* penetration lower limit upper limit
2005 2,133,734 954,846 179,673 18.82 18.74 18.90
2006 2,215,209 991,306 180,400 18.20 18.12 18.27
2007 2,287,768 1,023,776 187,011 18.27 18.19 18.34
2008 2,345,724 1,049,712 188,463 17.95 17.88 18.03
2009 2,392,364 1,070,583 195,944 18.30 18.23 18.38
2010 2,444,549 1,093,936 185,352 16.94 16.87 17.01
2011 2,495,847 1,116,892 182,183 16.31 16.24 16.38
2012 2,556,356 1,143,969 191,465 16.74 16.67 16.81
2013 2,619,683 1,172,308 200,946 17.14 17.07 17.21
2014 2,692,407 1,204,852 200,695 16.66 16.59 16.72
*Estimated values based on data from the U.S. Census Bureau and National Eye Institute
Change in Cataract Surgery Volume from 2005 to 2014 Change in Cataract Surgery Volume from 2014 to 2024
() 2n oo ( s 11008
Figure 3: (Left) Change in cataract surgery volume from 2005 to 2014. (Right) Projected change from 2014 to 2024
Journal of Current Ophthalmology | Volume 34 | Issue 1 | January-March 2022 41
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Consistent with the high concentration of elderly individuals in
Florida, Medicare covers 81.5% of cataract surgeries [Table 2].2
From 2005 to 2014 and based on our estimations, the incidence
of cataract in the general population grew at a rate faster than
that of CEIOL implantation. This difference is appreciated in
the penetration of CEIOLSs in the general population >65 years
with a diagnosis of a cataract. Reaching its peak in 2005, the
rate of cataract surgeries reached its lowest penetration in the
population in 2011. This is mirrored in Figure 1, which shows
the concurrent decrease in cataract surgeries in Caucasians in
2011. Given that Caucasians comprise the majority of cataract
surgeries in this study, it is likely that the drop in this racial
group was sufficient to affect the overall percent penetration
of cataract surgeries in the general population.

From 2005 to 2014, the county with the greatest
percentage change in cataract surgery volume was Sumter
County [Figure 2]. According to the most recent data
published by the United States Census Bureau, Sumter County
boasts the oldest median age, 62.7 years, of any US county.'
Similarly, Figure 3 depicts surgical volume changes over the
same period. Using past surgical trends, the authors of this
study were able to extrapolate and predict future surgical
volumes at the county level. Counties with the greatest
expected increase in surgical volume were Miami-Dade,
Sumter, Broward, and Collier County [Figure 3]. Large
tertiary referral centers such as Bascom Palmer Eye Institute
in Miami-Dade County coupled with the high population
density can account for the high surgical volume observed in
Figures 2 and 3. Furthermore, Sumter County with its high
density of the elderly population can also account for the
increased predicted surgical volume.

To understand geographic and racial disparities in access to
cataract surgery, it is important to examine the distribution
of ophthalmologists in the United States. In 2011, there were
17,793 ophthalmologists and 5.7 ophthalmologists per 100,000
county residents. At that time, 61% of counties did not have
ophthalmologists, and 11.7% of the US population lived in a
county without an ophthalmologist.?!

Large data sets providing ample longitudinal data are valuable
to both clinicians and officials that oversee health policies. By
analyzing past trends in healthcare utilization, researchers,
and physicians can accurately identify utilization rates of
surgeries, gain a greater understanding of racial and ethnic
disparities in healthcare, and strategically plan healthcare
policies to preemptively address issues before they become
public health concerns. Predictions of future case volume can
help foreshadow future shortages of physicians and also serve
as a tool for academic institutions when deciding on satellite
campuses or training programs. With respect to African—
American and Hispanic populations, increasing the rate of
cataract extraction and decreasing time to surgery has benefits
that extend beyond the individual patient. Furthermore, by
avoiding visual complications associated with delayed cataract
surgery, the risk of overall mortality risk is decreased.'*
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This study has several limitations. First, the reliability of the
SASD is dependent on the accuracy of coding for surgical
procedures and the ability of the AHRQ to capture every
ambulatory surgical procedure performed from 2005 to 2014
in Florida. Second, given the paucity of published population
data and cataract prevalence data, this study relies on estimated
figures to calculate the number of individuals >65 years old
and the prevalence of cataract. Though our calculations were
based on previous data and estimations, the accuracy of
calculations is dependent on the reliability of formulas utilized.
Third, there is year-to-year variation in surgical volume in our
data set, which we attribute to changes in the economy. We
would encourage future studies that utilize multi-year data
sets to examine the potential variability. Finally, the projected
cataract surgery volume is dependent on the accuracy of the
data derived from the HCUP database.

Ophthalmological studies on longitudinal, population-based
data for cataract surgeries and other ophthalmic procedures
are limited. As mentioned previously, few studies have used
geospatial analysis to examine cataract surgery rates and
utilization. A study conducted by Shahbazi et al. utilized
geospatial analysis and calculated disparity ratios in each
county in Florida in 2010 to analyze whether there was an
association between racial composition and these disparity
ratios. Overall, the study found no overall differences between
the disparity ratios and racial composition of the communities,
though they did find that African—Americans are least likely to
receive necessary cataract surgery, as stated above.” Our study
expands on this study because we analyze cataract surgery
rates in Florida from 2005 to 2014. Furthermore, the study by
Shahbazi et al. was restricted to non-Hispanic persons 65 years
and older. Given that Hispanic individuals comprised 18.3%
of the population >65 years of age in Florida, we included
Hispanic individuals in our study, in addition to Caucasians,
African—Americans, and Asian/Pacific Islanders.?*

With the use of the AHRQ’s HCUP database, the authors of this
study were able to analyze trends in cataract surgery volume,
utilization, racial disparities, and penetration from 2005 to 2014
and predict future case volumes at the county and state level
in Florida. In this study, we found that African-Americans
were underserved when compared to their racial counterparts.
Given that racial disparities and gender differences exist in
the limited scope of our study, the utility of larger database
studies to further characterize racial and ethnic populations is
extremely valuable. Our hope is that this study will serve as
a foundation for future database studies and allow for more
robust analyses of other surgical procedures and diseases in
the rest of the United States.
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