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Abstract

Background—Geographic access – the travel burden required to reach medical care – is an 

important aspect of care. Studies, which typically rely on geographic information system (GIS) 

calculated travel times, have found some evidence of racial disparities in spatial access to care. 

However, the validity of these studies depends on the accuracy of travel times by patient race.

Objectives— To determine if there are racial differences when comparing patient-reported and 

geographic information system (GIS)-calculated travel times.

Research Design—Data came from the Philadelphia Area Prostate Cancer Access Study (P2 

Access), a cohort study of men diagnosed with localized prostate cancer. We conducted cross-

Corresponding author: Michelle S Wong, 624 N. Broadway, Baltimore, MD 21205, mwong23@jhu.edu. 

Disclosure of conflicts of interest: The authors report no conflicts of interest

HHS Public Access
Author manuscript
Med Care. Author manuscript; available in PMC 2018 September 01.

Published in final edited form as:
Med Care. 2017 September ; 55(9): 817–822. doi:10.1097/MLR.0000000000000774.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sectional analysis of 2136 men using multivariable linear mixed-effects models to examine the 

effect of race on differences in patient-reported and GIS-calculated travel times to urology and 

radiation oncology cancer providers.

Results—Patient-reported travel times were, on average, longer than GIS-calculated times. For 

urology practices, median patient-reported travel times were 12.7 minutes longer than GIS-

calculated travel times for blacks vs. 7.2 minutes longer for whites. After adjusting for potential 

confounders, including socioeconomic status and car access, the difference was significantly 

greater for black patients than white patients (2.0 minutes, 95 percent confidence interval: 0.58, 

3.44).

Conclusion—GIS-calculated travel time may underestimate access to care, especially for black 

patients. Future studies that use GIS-calculated travel times to examine racial disparities in spatial 

access to care might consider including patient-reported travel times and controlling for factors 

that might affect the accuracy of GIS-calculated travel times.
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Introduction

Geographic access – the travel burden required to reach medical care – is an important and 

potentially modifiable aspect of care. Longer travel times and greater distances to obtain 

medical care are associated with receiving guideline discordant or inappropriate care for a 

variety of health conditions (1–5), poorer health outcomes (6, 7), and lower quality of life 

among cancer patients (4). Researchers have also investigated how differences in spatial 

access may contribute to racial disparities (8–12), frequently finding that black patients 

experience longer travel times than white patients (8–10), which may contribute to worse 

quality of care and disparate outcomes.

Studies that incorporate racial/ethnic differences in travel burden typically rely on 

geographic information system (GIS) road network data and standard impedances to 

calculate the travel times between two longitude-latitude point locations geocoded from 

addresses (13). Studies have found that GIS-calculated travel times were, overall, generally 

well correlated with patient-reported travel time, though the correlation was higher among 

patients with access to cars and good public transportation (14). To our knowledge, no study 

has considered whether the accuracy of GIS-calculated travel times varies by patient race/

ethnicity. However, the validity of studies examining racial disparities in spatial access 

depends on the accuracy of travel times by patient race.

Racial/ethnic difference between GIS-calculated and patient-reported travel times may arise 

through several mechanisms. For example, racial/ethnic minorities are less likely to live in 

households that own cars (15) and may be more reliant on public transportation. Other 

important factors that may affect travel time include differences in the time of day that 

people travel, which may impact traffic conditions, and whether certain populations are more 

likely to travel to medical care providers from their home address rather than from their 
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workplace or other location. This study aimed to determine whether differences in GIS-

calculated and patient-reported travel time differ between black and white patients.

Methods

Data source and study sample

Data for this study came from the Philadelphia Area Prostate Cancer Access Study (P2 

Access): a cohort study of black and white men newly diagnosed with localized prostate 

cancer from the Greater Philadelphia Area. Prostate cancer is an important case study as 

there is a large burden of disease with well-documented racial disparities, and greater travel 

burden to urologic care has been associated with higher rates of more advanced prostate 

cancer, especially among black patients (16). The University of Pennsylvania and Johns 

Hopkins Institutional Review Boards approved this study.

Men were identified from the Pennsylvania Cancer Registry (PCR) and were eligible to 

participate in this study if they 1) were diagnosed with localized prostate cancer between 

January 1, 2012, and December 31, 2014, 2) were a resident of the greater Philadelphia 

region (Berks, Bucks, Chester, Delaware, Lancaster, Lehigh, Montgomery, and Philadelphia 

counties), and 3) classified as white or black in the registry data. Men were excluded if they 

had military insurance or received chemotherapy for treatment. We excluded men with 

military insurance due to small sample size (n = 8) and because our provider inventory did 

not specifically include military providers. We excluded men who received chemotherapy as 

these men often have metastatic disease and are typically treated by medical oncologists, 

resulting in different travel patterns.

Participants were mailed surveys between February 2014 and August 2015 asking about 

their access to and the quality of their prostate cancer care. Participants received up to two 

mailings of the survey, followed by a phone call to all non-responders. An unconditional $2 

incentive was provided with the first mailing. Participants received $15 upon completing the 

survey. The survey response rate was 51.1% (n = 2386).

For this analysis, our sample included respondents who 1) answered survey questions about 

travel time to their cancer specialist (either their urologist, or both urologist and radiation 

oncologist if they received radiation therapy) and 2) provided their home address and 

urologist and/or radiation oncologist practice address that could be geocoded. We excluded 

men who did not describe themselves as Non-Hispanic (NH) white or NH black for this 

analysis (n = 63). The final analytic cohort included 2,136 men; 2,136 with travel time 

information to their urologist and 1,280 with travel time information to their radiation 

oncologist.

Measures

Outcomes of Interest—Our primary outcome of interest was the calculated difference 

between patient-reported travel time and GIS-calculated travel time to their prostate cancer 

specialists. To further understand the potential differences in travel time measures by race, 

we also examined the components separately: a) patient-reported travel time, and b) GIS-

calculated travel times.
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For patient-reported travel time, men were asked: “About how many minutes did it take to 

get to this [their main] urologists’ office?” Men who received treatment from a radiation 

oncologist were similarly asked about the travel time to their radiation oncologists’ office. 

For patients who reported a range of times, we used the midpoint of the range (e.g., if a 

patient reported 15–20 minutes, we used 17.5 minutes).

GIS-calculated travel times were calculated from the patient’s home to their urology and/or 

radiation oncology practice. Patient home addresses were obtained from the PCR. Patients 

were asked the name and address of the cancer specialists and matched to an inventory of 

practices in the greater Philadelphia region and surrounding counties. The inventory was 

constructed using data from the National Provider Identifier (NPI) database and a frequently 

updated proprietary database of physicians organized by specialty and location from SK&A 

(17). All practices were called to confirm that they diagnose and/or treat patients with 

prostate cancer and to verify their addresses.

Patient and practice addresses were geocoded using ArcGIS 10.2 (18). We manual geocoded 

addresses that did not automatically geocode (7.2% geocoded manually). Drive times were 

calculated using ArcGIS 10.2 Network Analyst (18) based on average road conditions, travel 

speeds, and standard impedances.

Primary Independent Variable—The primary independent variable was patient-reported 

race/ethnicity, derived from two survey questions asking participants about race and 

Hispanic origin.

Potential confounding variables—We controlled for respondent and area-level 

characteristics, which have been identified in prior studies as impacting calculated and/or 

patient-reported travel time. Educational attainment (less than high school degree, high 

school degree, 4-year college degree or beyond), insurance coverage (no insurance, private 

insurance, Medicare, Medicaid), age (continuous), and car access (yes, no) were assessed 

through the patient survey. Census tract population density was obtained from the American 

Community Survey (19) and categorized into quartiles.

Statistical Analysis

We estimated descriptive statistics of means and proportions for all potential confounding 

variables stratified by patient race/ethnicity. We calculated race/ethnicity-stratified median 

patient-reported and GIS-calculated travel times to urology and to radiation oncology 

clinics, separately.

We conducted bivariate and multivariable linear mixed effects models with random 

intercepts to assess unadjusted and adjusted associations between patient race/ethnicity and 

the following outcomes: 1) the difference in patient-reported and GIS-calculated travel times 

2) patient-reported travel times, and 3) GIS-calculated travel times. Random effects 

accounted for clustering within each patient since each patient could report up to two travel 

times (for a urology and/or radiation oncology clinic) and clustering of patients within 

census tract. To address missing data in our confounding variables, we used multiple 
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imputation with chained equations and statistically combined five imputed datasets. All 

statistical analyses were performed using Stata 14.1 (20).

Results

Among the 2,136 participants, 359 (17%) were black (Table 1). Black participants were 

significantly less likely to have a college education or beyond compared to whites (21.3% 

vs. 50.0%), less likely to have private insurance (32.6% vs. 50.9%), and less likely to report 

having access to a car (74.5% vs. 95.1%). Blacks lived in more densely populated census 

tracts. The study sample came from 958 census tracts. The sample size for each census tract 

ranged from 1 to 11 participants.

Median self-reported travel time to urology clinics was the same for white and black men 

(20 minutes) while median GIS-calculated times were larger for whites (13.0 minutes) than 

blacks (7.4 minutes) (Figure 1). The calculated difference between self-reported and GIS-

calculated was 7.8 minutes over all and 12.7 minutes for blacks versus 7.2 minutes for 

whites. Median self-reported travel time to radiation oncology clinics was larger for blacks 

(25 minutes) than whites (20 minutes). Median GIS-calculated travel time was larger for 

whites (13.8 minutes) than blacks (7.0 minutes) (Figure 2). The calculated difference 

between self-reported and GIS-calculated was 9.3 minutes overall, and 14.0 minutes for 

blacks versus 8.1 minutes for whites.

In our unadjusted analysis, after accounting for within census tract and patient clustering 

(Table 2), the difference between patient-reported and GIS-calculated travel times was 5.7 

minutes larger for blacks than white (95% Confidence Intervals (CI): 4.46, 6.99). After 

adjusting for potential confounders (Table 2), the difference between patient-reported and 

GIS-calculated travel times was 2.0 minutes larger for blacks than whites (95% CI: 0.58, 

3.44). Additionally, the difference between patient-reported and GIS-calculated travel times 

was larger for men without access to a car (4.5 minutes, 95% CI: 2.85, 6.18), as age 

increased (0.13 minutes for each year increase, 95% CI: 0.06, 0.19), and as census tract 

population density increased (vs. Q1 (least populated quartile) Q2: 1.3 minutes, 95% CI: 

0.02, 2.6; Q3: 3.6 minutes, 95% CI: 2.27, 4.85; Q4: 6.8 minutes, 95% CI: 5.36, 8.28).

After accounting for potential confounders, patient-reported travel time was 2.11 minutes 

longer for blacks (95% CI: 0.15, 4.07) than whites (Table 3). The GIS-calculated travel 

times were not significantly different between race groups (0.23, 95% CI: −1.02, 1.48).

Discussion

We found that patient-reported travel times were generally longer than GIS-calculated times 

for all patients. However, the difference between these two travel times was larger for black 

patients compared to white patients, a difference that was driven black patients tending to 

self-report longer travel times. This study builds on existing work that has considered how 

other patient characteristics such as car and public transportation access, patient age, and 

household income may affect the accuracy of GIS-calculated measures of spatial access to 

care (14). It further suggests that studies that rely exclusively on GIS-calculated travel times 

may potentially underestimate black-white disparities in spatial access to care.
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It has been hypothesized that differences in spatial access for minority patients may 

contribute to documented racial/ethnic disparities in access to care and health outcomes (21, 

22). Multiple studies assessing racial differences in spatial access to care, which relied on 

GIS-calculated travel times or distances, have yielded mixed findings. While some studies 

have found that blacks have longer travel times and distances (9, 10, 23), others have either 

found no difference by race (24, 25), or that blacks actually have shorter travel times and 

distances (26, 27). Our finding of racial differences between travel time measures may help 

to explain some of these mixed findings. It is plausible that some of the null or negative 

findings may be different if these studies had also considered patient-reported travel times. 

To our knowledge, no study has used patient-reported travel times to assess racial 

differences in spatial access to care.

There currently is no agreed upon “gold standard” for measuring patient travel time to their 

providers. Both GIS-calculated and patient-reported measures have limitations. For example, 

GIS-calculated measures often do not account for traffic conditions based on the time of day 

of travel or different modes of transportation, (e.g., walking or public transportation). 

Patient-reported measures may be subject to recall bias, particularly if substantial time has 

elapsed since patients visited their providers. Despite these limitations, self-report – which 

captures patient perceptions of travel burden – is important. Previous studies have found that 

perception that influences patient treatment choices, including whether, where, and when 

patients may access care (14). Using both patient-reported and GIS-based approaches can 

provide a more comprehensive assessment of racial disparities in patient travel burdens.

The unadjusted race difference between the patient-reported and GIS-calculated travel times 

decreased substantially after we controlled for confounding characteristics, including car 

access, and urbanicity. In our fully adjusted model, the black-white difference in these two 

measures of travel time, while statistically significant, was quite small. This might suggest 

that the accuracy of GIS-calculated travel times can be improved by accounting for 

important confounders, such as urbanicity, car access, or other technological additions such 

as improved traffic congestion and roadway impedance parameters that are becoming 

increasingly available in commercial GIS software packages. While our study did not 

specifically investigate potential mechanisms, the substantial decrease in the black-white 

difference in adjusted models suggests that these characteristics might be, in part, driving the 

observed relationship. Blacks are more likely to live in metropolitan areas (28), and have 

lower access to cars (15), both of which might affect the accuracy of GIS-calculated travel 

times.

Our study had several limitations. Patient self-reported travel times to providers’ offices may 

be subject to recall biases or rounding errors. Recall bias might increase as the time between 

diagnosis and survey response increased. However, there were no difference patient-reported 

travel times between men who took the survey more than a year versus a year or less after 

their diagnosis (Appendix table A1). Sensitivity analysis that also controlled for the time 

between diagnosis and survey responses yielded similar results (Appendix table A2). 

Measurement error may have arisen in patient-reported travel time among patients who 

reported a range of times and may differ by patient characteristics. However, the proportion 

of patients who reported a range of times was small (urology: 4.1%; radiation oncologist: 
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6.0%). Most patients reported a small range of 5 minutes or less. We found few differences 

in reporting ranges by patient race (Appendix table A3) and time between diagnosis and 

survey response (Appendix table A4). Consistent with prior studies, our GIS-calculated time 

was calculated from patients’ homes to their providers’ offices. In reality, patients may travel 

to their providers from a variety of different locations, such as from work. Additionally, we 

were unable to account for the time of day when patients traveled (e.g., rush hour versus 

non-rush hour times), which might contribute to the difference between patient-reported and 

GIS-calculated travel times. There might be potential selection or recruitment bias in the 

men who chose to respond to our survey compared to men who chose not to respond to the 

survey. For example, black men were less likely to respond to our survey than white men 

(Appendix table A5). Finally, our study was conducted among a population of men receiving 

care for their prostate cancer treatment in the Philadelphia metro area, a diverse area 

comprising 5.3 million residents living in urban and suburban census tracts. Our findings 

may not be generalizable to other geographic areas or for patients receiving care in other 

therapeutic areas.

Our study is the first to assess whether the difference between patient-reported and GIS-

calculated travel times differ by patient race. Future studies that assess racial differences in 

spatial access to care with GIS-calculated travel times might consider ways to improve the 

accuracy of this measurement. To the extent possible, studies assessing racial differences in 

spatial access might include patient-reported travel times among their populations of interest 

and control for factors, such as car-ownership and urbanicity, that might affect the accuracy 

of GIS-calculated travel times by race/ethnicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Boxplots of travel time measures and calculated difference by patient race for travel to 

urology clinics
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Figure 2. 
Boxplots of travel time measures and calculated difference by patient race for travel to 

radiation oncology clinics
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Table 1

Sample Charateristics

Mean or proportion

p-value
NH White
(n = 1777)

NH Black
(n = 359)

Age, mean (SD) 66.0 (8.3) 63.7 (8.2) < 0.001

Education, %

 Less than high school degree 5.2 15.6

< 0.001

 High school degree 44.7 63.1

 4-year college degree or beyond 50.0 21.3

Insurance Type, %

 No insurance 0.6 2.6

< 0.001

 Private 50.9 32.6

 Medicare 38.6 29.7

 Medicaid 9.8 35.2

Car Access

 No access to car 4.9 26.5

< 0.001 Yes access to car 95.1 73.5

CT Population Density, mean (SD) 4620 (7608) 15467 (10499) < 0.001

Has a radiation oncologist, % 58.6 66.3    0.007
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