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Abstract

Research has often examined geographical bamaehealthcaraccessibility. These
examinations, however, are usually focused on primary care and urgent or specialty care. This
study focuses on access to @rsicare and services with the goabafiging the gap imesearch
for this category of healthcar&patial &@cessibility for Kaiser Permanente membses
examined using the Enhanced 2 Step Floating Catchment Area (E2SFCA) métkadethod
has been used in previous studies to examine spatial accessibility of patients to healthcare
services It examines bothupply {he amount of services or providers available to provide
service$ and demandp@atients who may or have used such seryiddss study also examined
the differences betwearsingZIP codesand Censutracts as the base geography and for
understandig how this choice is likely to affect thgerformanceof the E2SFCA methodndthe
final outpus. Theanalysisshowedthat the southern region of the Riverside Medical Services
Area (MSA) has a shortage of optical serviaad thaimembers must travénger distances for
these serviced-uure research shoufdrtheranalyze the accessibility of the members living

within the Riverside MSA to vision services offered by Vision Essentials of Kaiser Permanente.



Chapter 1introduction

Kaiser Permanente is known for the integratégh qualityhealthcare that they provide
as well as their superior work environments which aids in their efficiency (McHugh, Aiken,
Eckenhoff &Burns, 2016)One part of this healthcare includes optical services provided by
Vision Essentials, a department within Kaiser Permanente. All Kaiser Permanente members have
access to basic eye exams as a part of their medical benefits. There are suapleaptcal
benefits available to members that may be purchased in addition to their medical insurance
which may in turn,provide additional funds for eyeglasses or contact lenses. The optometry
departments that offer these services, however, are ndyelspersed and therefore not as
easily accessible to all Kaiser Permanente members.

This study examines the spatial accessibility to Vision Essentials optometry department
services in the Riverside Medl Service Area (MSA) of theosithern Californiaegion. The
objective is to determine areas of low spatial accessibility to Vision Essential optometry
departments using the Enhanced 2 Step Floating Catchment Area (E2SFCA).rAathod
analysis for the department has already been completed, focused anedhisxamining the
members that live in this area and which medical centers they are visiting. A comparison
between these findings and the findings from this study will be provided as well.

Kaiser Permanente is different from some other medical sguuséders in that it is
both the provider and insurer. Members will most likely only go to Kaiser Permanente facilities,
as receiving service from a different provider is considered outside of the insurance network,
which may mean that the patient wouldun increasedut-of-pocketcosts.Due to this factor, it
is important to identify areas of low accessibilityhopes that new centers can be developed to

provide a more even distribution of access to the members.



Vision Essentials is the branch of Kaiser Permanente that provides vision care services to
its members. There are 47 optometry departmentsad@ilo members throughout theughern
California region. This israarea that stretches from Kern County to San Diego County; which is
divided into 12 MSAgsee Figure 1)The optometry departments are not dispersed evenly

through the region, and they are also not available at every Kaiser medical center.

Kaiser Permanente MSAs

-
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Kilometers

Figurel: Southern California Kaiser Permanente M¢

There are thee components that must be met in order to provide spatial accessibility.
This includes the supply of services or providers, demand for supply, and the distance or time
barriers to the healthcare locations (Luo & Wang, 2003; Jamtsho & Corner, 2014; Rédi&r,
When analyzing accessibility as it pertains to healthsaréicesthere are two possible types

identified: revealed and potential accessibilkhan, 1992; Luo & Wang, 2003). Revealed



accessibility relates to services that have been identifidetimg utilized. Potential accessibility
includes the services that may be used but are not guarankeedtudyexaminel revealed
accessibility to vision servicefccess has spatial and nspatial features (Khan, 1992). Spatial
access takes into aaott geographic barriers or facilitators, such as a distance variable, and non
spatial features include barriers and moderators such as income or social class (Khan, 1992; Luo
& Wang, 2003).

As stated earlier, Kaiser Permanente is unique in that it isthetinsurer and provider.
Members will typically not access outside medical services unless a referral is received from
their primary care provider. As with other insurance providers, patients are responsible for
medical costs that are obtained outsidéhefr network unless a referral has been issued and
approval received from the insurance provider. This study focuses solely on Kaiser Permanente
members. This simplifies the analysis in that other service providers did not have to be included
in the stud, as it is most likely that members will not seek outside care for eye exams. This is
due to two reasons: (1) the basic eye exam is covered under the primary medical insurance and
additional optical coverage is not necessary; and (2) to receive outsuigep services would
mean owbf-pocket costs for the member. No other population group was examined for this
particular study.

The E2SFCA method was used to examine spatial accessibility and health plan service
areas (HPSASs) in this study as it is &tee-based method that allowed for the examination of
both spatial and nespatial variablegJamtsho & Corner, 2014XIP code and census tract areas
werebothusedas map unitén this study Analysis examiningdrge service areas, such as
counties, ar@ot able to distinguish the detailed spatiatiations that may occur when studying

spatial accessibility (Luo & Wang, 2003; Luo, 2014). Only ZIP code data was available for both



members and optometrists. Membership numbers were available by ZIP ceadienf p
residence; optometrists were linked to the ZIP code of the optometry department in which they
provided services. Since only ZIP code data was available the patient membership data was
converted to census tracts using the U.S. Department of Houslrigrean Development
(HUD) crosswalk file. Weighted centroids of population were created for each census tract and
ZIP code. The optometrists and optometry departments were weighted to determine exam room
capacity.

The data obtained from Kaiser Permaeentluded member demographics, optometry
and medical center locations, type of vision care services, and additional attributes for each
dataset. Once obtained, data was recoded to remove member personal health information to
follow all HIPAA requirementsHIPAA requires that personal health information remain
private. ZIP code data for members was used in this study and is still considered to be personal
heal th information, although |l ow risk. Approv

was obt&ned prior to performing the analysis reported in this thesis.

1.1 Motivation

There is limited background research examining spatial accessibility to vision services.
This study will work to bridge the gap of research on vision services and to add to dity eéli
the E2SFCA method. The importance of filling the gap of research for vision services lies with
the significance of preventative care. One of the Healthy People 2020 initiatives is to improve
the visual health of peoplerttugh preventative care apdrly detection and treatment.g.
Dept of Health and Human Servi¢917. As people age, bodies begin to change and need to
be monitored for any adverse effects that could affect health. The eyes are important to monitor

as an individual gets older tatch eye diseases at an early stage. There are many types of



disease that could occur which inclybtet are not limited tgpresbyopiaor farsightedness,
glaucoma, andataracts.

As people age, the need for optical services for preventative care disg@se
maintenancéncreass. By 2020, it is estimated that 2.3 billion people will be affected by
presbyopia which is but one example of a disease that can d¢MelepRX LLC, 2014)
Although most persons over the age of 45 years suffer from preabyogre than half are not
receiving the care they need to correct the issue (NewsRX LLC, 2014). Disparities in access to
vision services prevent individuals from receiving the care they need for correction which
includes the elderly population (UmfressldBrantley, 2016)Access to healthcare is promoted
by having a provider that is identified within a community (Wyn, Teleki, & Brown, 2000).
Riverside County has a population of ab®u million with 13.9%6 being over 65 yea old (U.S.
Census Bureau, 2016

Preventative maintenancehealth, such as vision cais,important to catch before
issues become irreparable. Although many of these studies focus on access to healthcare services
such as primary care; there has not been any examining the impatatcess to vision
serviceslt is important to monitovision health as many individuatsifferfrom some form of
eye dsease or illness. One study using a small sample size of 152 residedtshiaiuonly 62%
of adults older than 4¢earsreceived eyeare services in Los Angeles County (Baker,
Bazargan, Bazargaejazi, and Calderon, 2009). They also found that having regrdaiders
available was significantlgnd positivelyassociatedvith vision care utilizationAlthough this is
a study with amall sample, it is still important to note any consequence that could arise from

lack of availability of services.



Of the 47 optometry departments inushern California, three are located within the
Riverside MSA. Many patients within this MSA are reeuirto travel more than 30 minutes to
receive care from a Kaiser Permanente vision center or must visitisanger facility. Neither of

these options is convenient for the patient and puts a strain on accessibility for the members.

1.2 Objectives

The main objective of this study was to determine the areas of low spatial accessibility to
Vision Essential optometry departments for Kaiser Permanente members in the Riverside MSA.
This study worked to bridge the gap in research on accessibility to @er@ices, as well as to
provide information to Vision Essentials for future expansion in areas found to be low in spatial
accessibility. This thesis also worked to increase the validity and flexibility of the E2SFCA
method, as well as provide a companish the model results at the ZIP code and Census tract
units of analysis.

Through analysis of Kaiser Permanente members and the optical services provided, this
thesis examined the spatial accessibility of members using ratios of patienisnewoistsand
optometrists to members for each catchment. Using distance decay to display a more realistic
measure of access, the levels of spatial accessibility per catchment area wereWithaiat.
the distance decay, it is assumed that all members found wibimof the three zones would
have the same kind of access to the serviestimatingthe decay as the distance increases
mimicsthe unequal access that the members in different 20o&lsl encountein their everyday

lives.

1.3 Thesis Organization
The remander of this thesis unfolds as follows. Related work on spatial accessibility to

healthcare services, backgroundkaiser Permanente, and graviigsed models used to



examine spatial accessibiligye reviewed in Chapter £hapter 3lescribeshe methodlogy
used forthis study including the data needs, study area, and dathaetgere usedChapterd
describeghe findings of this studgind discusses their significance given the objectives

described earlieiThe fifth chapter offers some conclusions and ideas for future work.



Chapter ZRelated Work

Accessibility to healthcare services is influenced by both physical and socioeconomic
factors (Joseph®& hi I | i ps, 1984) . Socioeconomic influe
services or the institutiondés permitted use o
should be both available for use and easily reached by the individualgtelse the service.
Thesefactorscan either create a barrier or facilitate the utilization of healtls=areces There
is an importance in identifying these influences. Barriers would need to be overcome to increase
accessibility.

There are many diffent models that have been used to analyze spatial accessibility for
local populations. Each of these approaches, seemingly growing off of one another; examines the
relationship between supply and demand, taking into accoundlspatiableghat may eitler
impede or facilitate use of services (Jamtsho & Corner, 2014). The development of these
approaches will be discussed later in this chaptes.size and type of study area will likely
determine which approach would work best in analyzing spatial mrResearch on
accessibility to healthcare services has been examined through regional availability and
accessibility (Joseph & Phillips, 1984). Eadhleese approaches is discussed in more detail
later.

Using the Enhanced 2 Step Floating Catchment Aretod, this study measured the
spatial accessibility of services for isar Permanente members in tbhathern California

region, specifically the Riverside county area.

2.1 Kaiser Permanente
Kaiser Permanente has become one of the largegtnefibhealh plans in the U.S.
Established in 1945, the organization became the first of its kind allowing affordable health care

8



services to individuals that would otherwise not receive any. It was developed through the
collaboration of Dr. Sidney Garfield and HerryKaiser in which a prspayment system was
created in exchange for medi SligyardFemthis ces t
modest beginning, it has grown into an organization that serves more than 11 million members
throughout the L&. (KaiserPermanente, 20)6

According to their 2015 Annual Report, the organization has 38 hospitals and about 622
medical office buildings throughout the natigfaiser Permanent019. It has continuously
ranked high among all hospitals in care and satisfadBoth the northern and southern
California regions of Kaiser Permanente have won-&bar ratings in overall clinical
effectiveness from Californiads Office of
Permanente, 2017). They are the only lieplain in California to earn the highest rating
possible.

As stated earlier, Kaiser Permanente is unique in that is both the health plan and the
healthcare provideMembers will typically not access outside medical services unless a referral
is receivedrom their primary care provider. As with other insurance providers, patients are
respnsible for medical costs that aybtained outside of their network unless a referral has been

issued.

2.1.1.Vision Essentials by Kaiser Permanente

Vision Essentials is a dapgment within Kaiser Permanente that provides optical services
to its members. There are locations throughout the U.S.; however, this study uslbiothe
Riverside MSA of thesouthernCalifornia region of Kaiser Permanente. Within this region, there
are 47 optical centers from Ventura to San Diego counties. Each optical center provides

preventative eye health care through examinations performed by optometrists.

0]
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Regul ar preventative care eye exams are
which may help some patients overcome the barrier to services caused by financial stress. The
patient would only be responsible for paying thepeg at the time of service. The-pays can
range from $0 to $60 per visit depending on the type of insuranceagevire patient has. The
co-pay may actually be a barrier for some patients who may find it hard to pay any amount;

however, this study will focus on spatial accessibility.

2.1.2.Preventative Care in Eye Health

As people age, bodies begin to change and neleel noonitored for any adverse effects
that could affect health. As an individual gets older, catching eye diseases in their early stages
could help in preventing further deterioration from atitlg. There are many different types of
diseases that could aar which include but are not limited to presbyopidar-sightedness,
glaucoma, andataracts.

Many individuals are not receiving the preventative care that they need in order to
prevent further damage to their eyes. For example, although most persotisecage of 45
years suffer from presbyopia, more than half are not receiving the care they need to correct the
issue News RX LLC 2014). Disparities in access to vision services prevent individuals from

receiving the care that theged for correctioqUmfress &Brantley, 2016).

2.2 Healthcare Accessibility

Access to healthcare services is reliant on different variables that include availability,
affordability, and geographical accessibility (Gao et. al., 2016). Access has both spatial-and non
spatial elenents (Khan, 19929nd has been measured by the closeness between the provider and
the patient (RoserBixy, 2004) Spatial access means that a patient has overcome barriers such
as distance and traffic congestion to access services. Tkapabal elemetrefers to barriers

10



such as economic and/or behavioral variables. Even when all of these needs are met, one cannot
automatically assume that such services will be utilidabgraphical accessibility has been
found to be both a predisposing and enablagidr to whether or not individuals will receive the
care they need (Arcury et al., 2015).

There are two different types of accessibility: potential and revealed accessibility (Joseph
& Phillips, 1984; Khan, 1992; Gao et. al., 2016). Potential accesgitafers to services that are
available for use but do@®tautomaticallymean they are used. There would be probable use of
services if barriers are overcome. Revealed or realized accessibility are services that have been

utilized which means that anwtriers deterring the use have been overcome.

2.2.1.Spatial Accessibility

There are three major factors that play into spatial accessibility which include: (1) the
supply ofavailablehealthcare s®ices (2) the demand by patients to use these serviceg3and
the geographical location of these services (Jo&ephillips, 1984; Khan, 1992; Jamtsho &

Corner, 2014; Becker, 2015). Geographical location, in this sense, refers to how easily the
individual is able to get to the services as they may be imped@udwr distance. Supply of
healthcare services can be interpreted as supply of healthcare providers. The availability of these
resources influences the accessibility and utilization of them (Joseph & Phillips, 1984). The
demand refers to the utilizatioh gervices by patients.

The approach to be taken to analyze spatial accessibility typically depends on the level of
aggregatiorio be studied (Joseph & Phillips, 1984). Two common approaches are regional
availability and accessibility. Regional availatyilis the simpler of the two approaches and
examines the distribution of sup@ynd demand of healthcare services throughout a region.

Regional accessibility also examines supply and demand, however, in more detail by looking at

11



the interactions betweehdm. These interactions are analyzed spatially to determine
accessibility.

There are problems that arise when using either approach to analyze spatial barriers so
these must be taken into account before analysis to determine which model would befthe best
The drawback of regional availability is that it assumes patients will not visit facilities or obtain
services outside of a designated region (Joseph & Phillips, 1984; Luo & Wang, 2003). In other
words, it assumes that the boundaries are not permdablso makes the assumption that all
individuals within a region have equal access to services (Luo & Wang, 2003). Also, with larger
levels of aggregation, it is difficult to identify any variations that are occurring at smaller levels.

There aralso limitations associated with using the regional accessibility approach. This
approach examines regional supply and demand through analysis of centroids in smaller regions;
therefore, accessibility is centered at these points within the region (Jogemhigs, 1984).

Although the regions are much smaller than in the regional availability method, the same
problem arises in which it assumes that all individuals within the region have the same access to
services. Many models have been proposed to ttify this issue including the E2SFCA

method which incorprates smaller zones withiarger catchmest

2.3 Spatial Analysis of Accessibility in Health Care

Different methods have been developed to measure special accessibility to healthcare
services suchsacomputation foratios and distances, gravibased methods, spatime
accessibility techniques, and kernel density methGdsgliardo, 2004jamtsho & Corner,
2014). Geographical Information System&[S) havebeen a tool used to analyze need and
accessibility in healthcare allowing for researchers to combine both spatial and aspatial variables

(McLafferty, 2003).This study uséthe Enhanced 2 Step Floating Catchment Area Method to

12



examine the spatial accessibility of Kaiser Permanente patientsitm Essential locations.
Many models have been used to examine the spatial accessibility of healthbaief|yas

described below.

2.3.1.Gravity-based Models

The gravitybased method is one method that can be considered the basic formula used in
spatial accedsility examining regional accessibilityy¢seph & Phillips, 1984tamtsho &

Corner, 2014)Regionalavailability recognizes the interactions between supply and demand.
Gravity model approaches are used to examine these interactions, taking into aecount th
location of the supply and demand, as well as distance. These two items must be specified when
utilizing this approach (Joseph & Phillips, 1984).

The regional accessibility approach differs, and is more complex. Regiceedsibility
examines supply ahdemand by creating a ratio between the two variables. This simple
examination of accessibility, however, makes a few assumptions: (1) patients only access
healthcare services within the boundaries created; and (2) the method does not identify spatial
varations that could be occurring in smaller areas (Joseph & Phillips, 1984; Khan, 1992).

A simple gravitybased model was created by Walter G. Hansen when trying to develop a
method to determine a pattern between accessibility and residential develapoignaieas.

This model states that the accessibility of location A is influenced by the size of activity in
location B, as well as the distance between them (Hansen, 1959). In other words, the more

activity around location B and the closer they are higber the accessibilitgf location A

0r — (1)
where A »is the accessibility measure in zone 1 to an activigoime 2, $is the activity size
(such as number of people), anthTs thetravel time between the two zones. The exponent is

13



supposed to explain or describe the effects of the travel time. This early model by Hansen only
considered the supply side of the equation and not demand. Other models did not take into
account the diversi of availability of supply or halthcare providers; for example, some

locations may have more providers to offer services or a certain location may offer different
types of services.

Joseph and Bantock (1982) applied the gravity model to healthcassikddy and also
tried to capture this diversity by estimating the demand relative to supply by using assumed
population utilization for that area. They also used an index of potential physical access to the
practitioners. They believed that there are approaches when analyzing healthcare
accessibility, specifically to general practitiondfs: measures of revealed accessibility through
utilization dataand(2) the measurement of potential accessibility which they based off where
the patient lives imelation to the services. The formula they used to examine the potential
accessibility of patients was:

6 BCCjC (2)
where Ais the potential accessibility of location i to the providers, S8Rhe general practitioner
at location within range of location i, idis the distance between locations i and j, larmithe
distance exponent. They also estimated the demand on doctors since there is a variability of
availability of providers in areas with differing population numbers

C BDOjC 3)
where D[ is the demand on the provider at location jsBhe population at location i within the

range of location j, andideflects the distance between locations j and i (Figure 2).
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a) 5 Miles b) 10 Miles

Mean Score = 2,52
[ ] o.00

0.01 =126
127-2.82

Mean Score =2.57

0.01 = 1.28

Figure2: i D e inRotewtial accessibility to general practitioners (Joseph & Ban
1982). The scores associated with the four maps refer to the potential physical acc
measurement with 0.0 representing zero accessibility.

15



Although accessibility was being examined from both a supply and demand perspective,
it still did not capture the full picture of spatial accessibility. Distance decay and distance ranges
were added to imitate the mobility of the population (Khan, 1982his gravity model,

weighted estimates of potential availability of providers were also introduced.

2.3.2.Floating Catchment Area Methods

The floating catchment area (FCA) methods have been used to measure accessibility as
well, but not necessarily in hihcare. Peng (1997) used a version of the FCA to examine jobs
and housing for example. In the FCA, boundaries are created around a specific area or point
creating catchment s. For example, in Pengbs
traffic zone, extending out 5 miles. Then jobs and housing were aggregated within each of these
catchments to determine the ratio of accessibility. In doing so, it was assumed that each resident
would have access to all of the employment opportunities withim efathe catchments,
however, that is nalwaysthe case (Luo & Wang, 2003). When applying this method to
healthcare, it does not consider that providers may provide services outside of the proposed area
as well and therefore they may not be providinggatvices to only those residents in the
designated catchment ard&gyure 3.

TheTwo Step Floating Catchment Area (2SFCA) method proposed by Luo and Wang
(2003) took the FCA further. It examined both supply and demand in the same analysis instead
of just being one sided (i.e., considering supply only) such as in the gravity and early FCA
models. In this method, catchments were created amarit census tract centroid, as well as the
provider location. Travel time was used instead of Euclidian distance to create catchments

around each of the centroids. A providespopulation ratio is ugeto relate supply to demand.
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The providers and residential populations are examined within boundaries with the numerator
being the supply such as provider capacity and the denominator being demand which could be
the population living near the facility services (Luo & Wang, 2003; Guagliardo, 2004; Wang

& Luo, 2005; Dewulf, Neutens, De Weerdt, & Van de Weghe, 208&)i and Apparicio (2011)

even added weights to the provider locations by using the number of providers available at each

location.
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For the first step, a catchment is creaaeound each healthcare provider centroid using a
specified distance or drive time. The total population found within each catchment is summed up

to create the provat-to-population ratio (supply):

Y o —— (4)

N

where Ris the poviderto-population ratio at location or catchmentjjjsshe number of
providers at location j,glis the distance between locations k and j, anid Bhe population
within the spatial area such asensus tract or ZIP code.

For the secondtep, a catchment is created around each population centroid using a
specified distance or drive time. The previous ratio of proviolgopulation found within each

catchment is summed up to credte accessibility index (demand):
'€ Bg e i, (5)

Y B, I —— (6)

where 0 is the accessibility at location i (residential),ifkthe providetto-population ratio at

location j who fell within the catchment of i, anglid the distancéetween locations i and $ee

Figure 4 for a visual example of the 2SFCA method. The disadvantage of this method is that it
assumes that all persons within the catchments have equal access to service providers and that all
service providers have equal access to the residenpalgimn(McGrail & Humphreys, 2009)

For example, a person living the closest to a boundary line has the same access as the person
living near the centroid of the catchment. Also, the measure is dichotomous, meaning that access
is either gained or not. Ehe is no variation in the level of access. The Enhanced 2 Step Floating

Catchment Area (E2SFCA) method was created in order to combat these problems.
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The E2SFCA proposed by Luo & Qi (2009) creates travel time zones within each
catchment and assigns diféat weights to each of these zones in an attempt to address the
disadvantage of the 2SFCA method. These zones and weights are to account for the distance
decay that occurs as the supply moves away from the population centroid or vice versa. A

Gaussian waght was used for each time zone in their study, however, different weights can be

used depending on the type of accessibility that is being examined.
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The difference between the 2SFCA and the E2SFCA method are the zones that are
created within the catchment. These three extra zones are created on bofiptyhend demand

sides of the analysis:

Y B B B B (7)

N N N N N N N N

wherethe difference lies in the weighted zones that have been adtietthe addition of th&V,
term. Equaion 8, on the other hanghcorporteghree zone$o simulate thedistance decagffect:

o B, . Yo B, . Yo B, . Yo B, . Yw (8

The Huff model haslso been used in within the FCA method asi tstep in order to
account for the probability that a patient may go somewhere else for services (Luo, 2014).
However, for this study this will not be considered as most patients will stay within the Kaiser

Permanente network.

2.3.3.ZIP Codes v Census Tracts

The use of ZIP codes for spatial and seetonomic analysis has increased through the
years, however, they must be used with caution (Grubesic, 2015). The size of ZIP codes, as
spatial units, changalepending on the area under examination. For exanmpleral areas the
size of ZIP code areas may be larger than those used within urban areas. Riverside is considered
a rural area and both ZIP codes and census tracts were examined in this thesis project. There are
few studies examining spatial accessibilising ZIP codes spatial units. As the E2SFCA method
uses intervals within the catchments, census tract and ZIP codes were both examined to compare

any differences that may arise from the choice of spatial unit.
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Chapter ata Sources and Methodology

This project aimedo identify the spatial accessibility levels of areasheRiverside
MSA for Kaiser Permanente members to Vision Essentials by Kaiser Permanente (VE)
optometry departmentssing the Enhanced 2 Step Floating Catchment Area methed.
research design, data sources, area of study, and method used for this of analysis are described

below.

3.1 Research Design

The service areas for Kaiser Permanente are delineated using the nearest medical service
centers. Patients living within the RiversifliSA were the focus of thigroject. Currently, there
are threeVE optical centers located within the Riverside MSA in the cities of Corona, Moreno
Valley, and RiversideKigure5). The E2SFCAmethodwasused to examine spatial accessibility
of Ka i ersrliving withimthe Riverside MSA boundary. The MSA boundary has been

predetermined by Kaiser Permanente.

3.2 Data Sources

Data on patient visits were gathered through the pafisale system called Specialist
Data Solutions (SDS) provided ME by Kaiser Permanente. Appropriate steps were taken to
obtain Institutional Review Board (IRB) approval from Kaiser Permanente for the use of
personal health informatio®HI). The steps taken to ensure protection of PHI will be discussed
later. The residential loation data was obtained through spreadsheets maintained and made

available by VE.
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Figure 5: VE Optometry Departments located within the River
MSA

3.2.1.Patient Data

The patient visit details were obtained in .xls format and pulled from the VE-qfesate
system called SDS. IRB approval was required before data could be used in this study. The
patientdés name and medi cal record number ( MRN
removed before analysis to protect PHI, as required by law. A preliminary study outline was
submitted as a part of the IRB approval process. Additional steps were required to be taken to

ensure patient privacy f or whichiecluged sosecent tevieown o f
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of data to ensure PHI was removed. ZIP codes and visit details are sitleredsisky,
although minimal, and therefore required IRB approval for usage. This information remained for
analysis after approval was granted.

The patient visit detail is a compilation of détat includes date of visit, location of visit,
home medical service area, home medittte buildingor MOB, type of procedure, length of
procedure, and tnk@l6(gure 6)dmstdahget diplaed Kaiser e
Permanente members that have already visited an optical center and therefore represents revealed
accessibility. A listing of all members by ZIP code was not approved for use in this study.
Therefore, only the members that had alre@dgived services at one of the optometry
departments were counted. As the patient detail will only provide ZIP codes for members, each
was proportionally assigned to census tracts using the ZIP code tabulation are#attoss
provided bythe U.S. Departme of Housing and Urban Developmehti{D) whichwill be
discussed latgiFigure 7) The patient visit detail data was provided in .xls format only and

therefore was formatted to be added and usé@dd1S Business Analyst.

3.2.2.Vision Essentials Optical Cemie

The addresses for each optical center were provided by VE in .xIs format. This dataset
includes number of exam rooms for each optical center, as well addhessedself. All
addresses were geocoded i n Esr icdentdisdosatediass An
the Riverside MSA were examined for this study (see Figure 2). Optometrist FTEs were used to

weight each location.

23



Y% Vision Essentials locations

ZIP code boundaries

L - [} Riverside MSA boundary

Figure6: ZIP code boundaries

The FTEs were calculated using exam room availalfgiye Table 1). For example, an
exam room available for 58 hours per week (10 hours per weekday and 8 hours on Saturday)
would yield 1.45 FTEs (58durs/ 40 hours for theoptometrist = 1.45 FTRerexam room).
From this calculation, only 90% will be coudtt account for any discrepancies that may occur
because of patient rehows and other problems, leaving the yield at 1.31 FTES per exam room.
This approach was usedgenerate realistic and conservativegputs in this thesis projecthe
FTEs per examoom was then multiplied by the number of exam rooms to yield total availability
of provider for that location. This calculation was added to the attributes of the provider locations

as its own field.
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Figure7: Census tract baularies

Table 1:Example attributes of U.S. Department of Housing and Urban Development USPS ZIP
code crosswalk file

ZIP Tract RES_RATIO

92501 | 030100 0.35244300000
92501 | 030200 0.28240400000
92501 | 030300 0.23990500000
92501 | 030700 0.00330994000
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3.3 The Enhanced2 Step Floating Catchment Area (E2SFCA) Method

The Enhanced 2 Step Floating Catchment Area (E2SFCA) Method is a type of-gravity
based model (Luo & Wang, 2003). It has been used to examine the level of spatial accessibility
that patients hato healthcare services. It takes both supply and demand into consideration
when determining accessibility. For this study, the calculated FTEs per location will represent
supply and the number of Kaiser Permanente patients that have received careghcbugh

per ZIP ©de or census trautill represent the demand.

3.3.1.Zip Codes and Census Tracts

The membership data was available through the patient visit details. This dataset
provided ZIP codes for each member whigdresummed and joined to the ZIP coal@ygons
used by theJ).S.Postal Serviceandobtained from ArcGIS Online. The ZIP codes with
memlership totals were clipped tbe areawithin the Riverside MSA. The centroids within
each of the ZIP code polygons were cregkegdure8). They were weilgted by the VE
membership.

Census tract information for membership was not available and hadctbilatedising
theHUD USPS ZIP code crosswalk file. There were multiple census tracts found edttin
ZIP code creating a masg-one relationship. Tablé showeda snippet of the crosswalk file
which shows the coesponding census tract areas for a sid¢frecode, along with the ratio of
residential population that should be distributed. In ord@btain membership for the census
tracts, first the crosswalk file and the patient visit detail files had to be merged. The already
clipped ZIP code membershiatawas exported and then matchedhe crosswalk fileising
MATCH and VLOOKUR Membership vas then calculated for each census tract area using the

residential ratio or RES_RATIO using Microsoft Excel.
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Figure8: ZIP code centroids

Once the breakdown for membership was obt a
Analyst and joined to the census trabiapefile obtained from ArcGISnlne whichwas then
clipped tothe areaontainedvithin the Riverside MSA. Centroids were created within each census

tract(Figure 9).These centroids were also weighted by the meshije
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Figure9: Census tract centroids

3.3.2. Catchment Areas

According to a study of 5,000 adults, people are willing to travel up to about 30 minutes
or about20.4 miles for future nomrgent health care (Yen, 2013). Therefore, zones of 10, 20,
and 30 minutes were created around each of the population centroids and optometry offices. For
the E2SFCA method, catchmemisrecreated for both members and optometrist

The E2FCArequirad subgroup catchmentsepresentinglifferent timethresholdswithin
the larger catchments. These zones were created in both the ZIP code and census tract analyses.
They were split into 10 minute distance increments00ninutes for dne 1, 1620 minutes for

Zone 2, and 2330 minutes for Zone 3. This was to allow for a more accurate examination of spatial
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variations occurring in spatial accessibility (Luo & Qi, 2009). Each zone was weighted to account
for distance decay using the Gaassfunction (Luo & Qi, 2009). The Guassian function has a
smoothing property where the exponent for distance equals 2 which takes into account the idea of
space as well as the movement of populations (de SmitlddBdd & Longley, 2015; Salze et.,

2011). The time buffers were created using the Trade Area Tool with@ BsriBusi ness Ana

3.3.3.Data Analysis

The measurement for accessibility is created using the ratio of optometrist to member
within each catchnmg using the 2 step approagéscribedelow. The ratio of optometrish
membershigor the first step was calculated by summing up all points found within each zone or

buffer around the optometrist locations using:

Y BN N BN N BN N BN N (9)

where Rrepresents the providéo-membership ratio found within catchment locations is the
population total within each census tract or ZIP code that is found within catchmesatheS
total providers/calglated FTEs at each location j, id the distance between locations i and |,
and W represergthe weight of each zone using the Gaussian function.

Once the zones were created around each of the provider locations, the goevider
population ratio wasalculated by completing a spatial join between the zones and the centroids
of both census tracts and ZIP codes, separately. In theatongto-many relationship was
established in order to pull each individual centroid that falls within each of tles.Z2onew
field was created to perform the calculation of F¥iEh distance decay divided by the

membership to give us the providerpopulation ratio.
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The dataverenextjoined back to the VE locations using Join and Relate creating a new
shapefile cotaining the ratio. The second stps usedo sum up the number of providers
found within each catchment around the membership centroids as shown in the following
equation:

0 B, v Yo B. + Yo B. « Yo B. . Yo (10
whereo is the accessibility to providers for members found within location or catchment i, and
d; is the distance between locatsooinand j. The Gaussian weights, represented hyw@e used
in step 2 as wellFor this step, after the zones were created around each of the membership
centroids (census tracts and ZIP codes \maralledseparately), a spatial join was used to
connect with themew shapefile created in the previous stemanyto-one relationship as
created in order to pull in each centroid that falls within the zones. Once joined, the spatial
accessibility index was calculated symming up the providéo-member ratio that was

obtained in the previous step.
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Chapter 4Results

This chapter reviews the results obtained through the examination of spatial accessibility
using the Enhanced 2 Step Floating Catchment Area Method in the Riverside MSA. The spatial
accessibility of KaisePermanentéKP) memberdo optometry departmentsane analyzed using

tabulations of members by ZIP code and census tract.

4.1 Membership and FTEs (Exam Room Availability)

Both the centroids for the census tracts and ZIP codes and the optometry locations were
weighted in order to create providerpopulationratios that would become the spatial
accessibility indexThe patient visit detail data contains a total of 707,216 KP members that
have received VE services within the southern California regioere are 2,029 patients who
have visited this region blitve outside of the are®f all the patients, 78,74inembers live in
the Riverside MSA. There were 63 ZIP codes in the Riverside M#lrof thesg62 were
occupied by patients thhadvisited at least one of tHeiverside MSAVE locations during
2016. Themembershimlatawasjoined to the ZIP code shapefile to create the weighted
centroids (Figurel0).

Membership was not available by census tracts and therefore was redistributed using the
Uu. S. De p ar t roarth quareef 201l BAS&E K crosswalkle as described earlier.
The redistribution was then joined the census tract shapefile f@nich weighted centids
were then created (Figuid). All 78,741 members were able to be distributed into the census
tractsprovided by therosswalk However, once clipped, the census tract membership lost

19,308 memberdue to those that liveautside of theRiverside MSAboundary Figure 12
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shows how the census traatatched up to the Riverside MSA. There was a total of 59,434

members that were raéted within the MSA anda total of 333 census tracts thegre counted
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Figurel2: Display ofhow the census tract is mismatched with
MSA boundary and ZIP code polygons.

The membership was joined to the clipped census tract boundaries to create the weighted
centroids.

The weights for the optometry locations were created by calculating FTEs through exam
availability. A full time optometrist works 40 hours per wemehkich isequal to one FTEThe
hours of operation determined the number of hours per week an exam room was open. The
weighted FTE for each location was calculated at a 90% utilization rate for each exam room.
Table 2 shows the breakdown of room numbers for eaeitm, as well as the number of hours
they are open per weekhe Coronalocationhad a weighted yield of 9 FTE$ie Moreno Valley

locationhad 4.5 FTEs, antthe Riversidelocationhad 13.1 FTEs available.
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Table 2: Calculations used to estimate EpEr VElocation

# of Full-Time gL .
Location # of ExamHours/WeekOptometrist Utilization FTE Weighted
Rooms (%) FTE
Open (Hrs)
I —
Corona 8 50 40 90 1.13 9.0
Moreno 4 50 40 90 1.13 45
Valley
Riverside 10 58 40 90 1.31 13.1

4.2 Drive Time Zones
Drive time zonesn 10 minute increment@.e. 10, 10620, and 280 minute intervals)

were created around the optometry locations and the membership centroids of the census tracts

and ZIP codeand clippedo the RiversideMSA boundaryFigures13-15).

Y VE locations
] riverside MSA boundary

Drive Times /
10 minutes Lber Pl
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0 5 10 20 Miles
[ 30 minutes

Figure13: Drive-time zones of 10, 20, and 30 minutes arc
VE providers
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Figure14: Drive-time zones of 10, 20, and 30 minutes around
code centroids

Figure15: Drive-time zones 0.0, 20, and 30 minutes around cens
tract centroids
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