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ABSTRACT
Objective  This study examines the geographical 
and socioeconomic factors associated with uptake of 
colorectal cancer (CRC) screening (colonoscopies or faecal 
immunochemical test (FIT) testing).
Design  Secondary data analysis.
Setting  The Against Colorectal Cancer in our Community 
(ACCION) programme was implemented in El Paso County, 
Texas, to increase screening rates among the uninsured 
and underinsured.
Participants  We successfully geocoded 5777 who were 
offered a free colonoscopy or FIT testing kit.
Primary outcome measure  Census-tract CRC screening 
uptake average.
Results  Medicare recipient mortality (β=0.409, p-
value=0.049) and % 65 years or older (β=−0.577, p 
value=0.000) were significant census tract contextual 
factors that were associated with the prevalence of 
CRC screening uptake in the geographically weighted 
Poisson regression. Neither Latino ethnicity nor immigrant 
concentration were significant predictors of CRC screening 
uptake in the ACCION programme. Hot spot analysis 
demonstrated that there was a significant low-value 
cluster in South Central El Paso. There was a similar hot 
spot for % 65 years or older in this same area, suggesting 
that uptake was lowest in an area that had the highest 
concentration of older adults.
Conclusion  The results from this study revealed not 
only feasibility of hot spot analysis but also its utility in 
geographically tracking successful CRC screening uptake 
in cancer prevention and intervention programmes.

INTRODUCTION
Screening is the most effective way to prevent 
incidence of and mortality from colorectal 
cancer (CRC).1 CRC is among the the most 
common cause of cancer-related deaths 
among Latinos, yet only about 50% follow 
the current recommended screening guide-
lines.1 Barriers to CRC screening in this popu-
lation are vast.2 3 Those living in the most 
vulnerable regions are often those with the 
least resources to prevent or treat cancer.4–14 
Latino-dominant communities tend to be 
poorer, have inconsistent access to healthcare 

and have low cancer screening rates.13 
However, little information is available on 
contextual factors that may be important 
to consider as barriers to CRC screening in 
these communities.

Latinos living in the US–Mexico border 
region have less access to care and many 
times need to travel further to receive any 
healthcare.15 There has been some litera-
ture that suggests that Latino communities 
are protected from certain diseases because 
of the social support that alleviates some 
barriers to care or reinforces healthier life-
style habits such as smoking or drug use.16 
However, there is also broad literature on 
cancer misconceptions among Latinos that 
may be intensified in communities where 
Latinos are the dominant group.17 Neverthe-
less, these barriers have not been fully exam-
ined in Latino-dominant communities like 
those on the US–Mexico border.

Most studies that have investigated CRC or 
any cancer screening uptake have done so in 
metropolitan areas where services are more 
accessible or in ethnically diverse communi-
ties where Latinos are the minority.18 Latinos 
on the US–Mexico border are the least likely 
to be screened for cancer,19 and while we have 
documentation of individual-level factors that 
serve as barriers,3 little is known about which 
contextual factors may also serve as important 
barriers. An examination of context in Latino 

Strengths and limitations of this study

►► Identification of key population-level demographic 
risk factor for colorectal cancer and possibly other 
cancer screenings.

►► Novel assessment tool for prevention programmes 
to quickly identify geographical areas that may need 
improved strategies to increase uptake.

►► Limited inference to El Paso County, Texas.
►► Participants were uninsured.
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majority communities could provide important clues to 
why Latinos who live in ethnic communities or poverty 
may be more likely to develop CRC or are diagnosed at 
later stages and subsequently more likely to die from the 
disease.

In this study, we take advantage of a unique dataset to 
assess how contextual factors are associated with CRC 
screening uptake in low-income, uninsured Latinos living 
along the Texas–Mexico border. The Against Colorectal 
Cancer in our Community (ACCION) programme was 
implemented in El Paso County, Texas, to increase CRC 
screening rates among the uninsured and underinsured 
by offering free education, transportation, screening and 
navigation services.20 21 First, we examine the geograph-
ical distribution of CRC screening uptake by census 
tract within El Paso County, Texas. Second, we examine 
census tract-level population characteristics and access 
to care to disentangle the influence of each on CRC 
screening uptake. It is anticipated that despite free access 
to CRC screening and assistance with logistical barriers, 
geographical differences in uptake will persist. It is also 
expected that since the ACCION programme addresses 
logistical barriers to screening, observed geographical 
differences will be explained by population characteris-
tics rather than access to care.

METHODS
Study design
This is a secondary data analysis of ACCION participant 
CRC screening uptake data that were aggregated and 
merged with US Census Bureau tract data.

Patient and public involvement
A community advisory board was established prior to 
implementation of the ACCION programme. The board 
consisted of patient-represented organisations such as 
clinics and hospitals, special interest groups, such as the 
American Cancer Society, and other community-based 
organisations. The board provided the programme team 
input on recruitment and educational material. Some 
members of the board also represented hospital partners 
who performed colonoscopies.

Study population and setting
ACCION is a CRC prevention and early detection 
programme that provided no cost education, navigation 
and CRC screening funded by the Cancer Prevention 
and Research Institute of Texas between March 2012 and 
March 2015. The purpose of ACCION is to address the 
major health disparity of low CRC screening among Latino 
populations. As part of the ACCION programme, eligible 
participants were offered a home faecal immunochemical 
test (FIT) for average-risk individuals and colonoscopy for 
high-risk individuals. Risk assessment was based on family 
history in a first-degree relative or prior history of adeno-
matous polyps. Participants who had either or both were 
offered the colonoscopy. All participants were recruited 

from the community through partner agencies (hospi-
tals, clinics and social service agencies) or health fairs. All 
participants were eligible for the education component 
of the programme; however, only uninsured age-eligible 
participants (50+ years) were offered screening. For 
this analysis, we include only data on participants from 
Phase 1 of the programme – ACCION 1. Additionally 
only participants who had an address that was successfully 
geocoded were included in this analysis. In the screening 
arm of ACCION, there were a total of 8284 participants. 
However, not all participants had addresses that we were 
able to geocode. As a result, the final sample size used 
for this analysis was 5777. Results from this study will be 
distributed to the community through our community 
advisory board.

Measurement
CRC screening uptake
Uptake outcomes were recorded on all patients offered 
either FIT kits or colonoscopies. Successful completion 
of screening was coded as ‘1’ if completed and ‘0’ if 
otherwise.

Census tract measures
US Census Bureau data
The sociodemographic census tract measures were down-
loaded from the US Bureau’s website for 161 census tracts 
for El Paso County, Texas. Data that were selected came 
from the 2015 American Community Survey estimates,22 
which were the closest time point to when the ACCION 
data were collected.

Primary census tract sociodemographic measures
The primary measures of interest included were census 
tract poverty prevalence and proportion of the census 
tract who report as being of Hispanic or Latino ethnicity. 
% Poverty was therefore measured as the estimated 
percentage of individuals living at or below the poverty 
line in a given census tract. Similarly, % Hispanic was 
measured as the estimated percentage of individuals 
within a census tract that are of Hispanic or Latino 
ethnicity.

Secondary census tract sociodemographic measures
Secondary sociodemographic measures include 
proportion immigrant, high school graduation, total 
census tract population size and proportion of the 
census tract that is 65 years and older. First, % immi-
grant was measured as the per cent of individuals who 
report being born in a country other than the USA in 
a given census tract. High school graduates was measured 
as per cent of adults 25 years and older with at least a 
high school diploma in a given census tract. Total popu-
lation was the total number of residents who inhabited 
a given census tract. Finally, % 65 years or older was the 
percentage of individuals in a given census tract that 
were 65 years or older.
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Health Resources and Service Administration (HRSA) data
Data on mortality and primary care access was aggre-
gated by HRSA using Centers for Medicare & Medicaid 
Services claims data from 2010.23 The 2010 data were 
the most current time point at the time of the analysis 
and the closest to the time in which the ACCION data 
were collected. These data are publically available and 
were aggregated to a census tract level. Data from this 
resource were used to detect potential health access 
disparities that might be associated with CRC screening 
uptake in ACCION participants. For this analysis, we used 
mortality prevalence and number of primary care physi-
cians (PCPs) in a given census tract. Cumulative mortality 
proportion was measured as the percentage of Medicare 
recipients who died within a given census tract. Number of 
PCPs was determined to be the number of PCPs within a 
given census tract.

Analytical approach
A total of 5777 participant addresses were successfully 
geocoded using the US Census Bureau Geocoder.24 
Addresses were matched with respective census tracts 
and then removed from the overall dataset to protect 
confidentiality. Census tract screening prevalence was 
determined by the total number of completions divided 
by the total number of tests offered. Hot spot analysis 
using ArcGIS was first performed using census tract-level 
count of screening completions. A z-score and associ-
ated p value were generated using Getis-Ord General G 
analysis. Geographically weighted Poisson regression for 
screening completion was then performed to determine 
if there were significant differentials in uptake by census 
tract sociodemographic characteristics. This analysis was 
adjusted for total number of FIT tests or colonoscopy 
referrals given. In addition, a quadratic equation for 
poverty was tested, and because of its significance, it was 
graphed using STATA V.14 ME.25

RESULTS
Table 1 presents overall characteristics of El Paso County. 
Census tract population size was on average 5000 people 
but ranged from 626 to as high as 24 316. Approximately, 
83% of the county was of Hispanic origin, ranging from 
21% to 100%. On average, about 26.2% of El Pasoans live 
at or below the poverty line, and about 71% have gradu-
ated from high school. On average, 11.2% of El Paso is 
65 years or older, ranging from as low as 0.16% to as high 
as 24.0%. Finally, about 4.7% of Medicare recipients died 
in 2010 (the year of data collection), and there were 2.2 
PCPs per census tract, again ranging widely from 0 to 53.

Geographically weighted Poisson regression results 
presented in table 2 in rate ratios. Results indicate that 
Medicare recipient cumulative mortality and % 65 years 
or older were census tract contextual factors that were 
associated with the prevalence of CRC screening uptake. 
Beginning with Medicare recipient cumulative mortality, 
higher recipient cumulative mortality was associated with 

a higher census tract prevalence of CRC screening uptake 
in ACCION participants (1.50, 95% CI 1.00 to 2.26). 
In addition, for every 1% increase in the population 
who was over the age of 65 years, the rate ratio for CRC 
screening decreased by 0.562 (95% CI 0.421 to 0.750). 
The variable is % high graduates among those 25 years 
and older, which includes high school graduates, is also 
worthy to note (1.16, 95% CI 0.995 to 1.35), and as would 
be expected, a higher proportion of high school gradu-
ates were associated with higher census tract prevalence 
of CRC screening uptake among ACCION participants.

Figure 1 illustrates results for CRC screening uptake. In 
sum, there was a greater uptake of CRC screening in the 
northern parts of El Paso County and the lowest uptake 
occurred in South Central El Paso, which borders Mexico. 
To further explore potential coexisting geographical 

Table 1  El Paso County population characteristics

Census tract 
measure Mean

Range

Min Max

Total population 5168.45 626 24 316

% Hispanic 83 21 100

% Poverty 26.2 4 68

% High school 
graduate 71 20 97

% 65 years or older 11.2 0.16 24%

Medicare recipient 
mortality prevalence 
(%) 4.7 0 12

Average number 
of primary care 
physicians per census 
tract 2.2 0 53

Table 2  Geographically adjusted regression results for 
faecal immunochemical test or colonoscopy screening 
completion in the Against Colorectal Cancer in our 
Community study

Coefficient to 
ratio 95% CI

Medicare recipient 
cumulative mortality 
proportion (2010) 1.50 1.00 to 2.26

Number of primary care 
physicians 0.999 0.998 to 1.00

Poverty 0.001 0.881 to 1.12

% 25 years+high school 
graduates 1.16 0.995 to 1.35

Total population 0.999 0.999 to 1.00

% 65+ 0.562 0.421 to 0.750

% Immigrant 1.03 0.868 to 1.22

% Hispanic 1.04 0.876 to 1.22

Constant 1.98 1.55 to 2.53
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patterns between CRC uptake and Medicare recipient 
mortality, high school graduation rates and proportion 65 
years and older, hot spot analysis was conducted for each 
individual covariate. Beginning with per cent of residents 
over the age of 65 years, in figure 2, the highest concentra-
tion (hot spots) of adults over the age of 65 years was also 
in South Central El Paso, where we observed the largest 
CRC screening uptake cold spot. Similarly, the largest hot 
spot of Medicare recipient mortality (figure 3) occurs in 
the same geographical area of the 65 years or older hot 
spot and CRC screening uptake cold spot. Finally, a hot 
spot analysis was included for % high school graduation 
(figure 4) because of its association in the regression anal-
ysis. What the analysis reveals were two distinct cold spots 
and three distinct hot spots. One of the two cold spots 
overlaps with the CRC screening uptake cold spot.

DISCUSSION
The purpose of this study was to assess the relationship 
between census tract-level context and census tract preva-
lence of CRC screening uptake in ACCION, a prevention 
programme targeted at low-income and uninsured Latinos 
living in El Paso County, Texas. Much of the knowledge on 
screening uptake in Latinos comes from urban areas where 
they are a minority groups. Additionally, access to care is a 
documented barrier to cancer screening in Latino groups 
largely due to lack of insurance coverage or availability 
of medical care. The ACCION programme was a CRC 
screening programme that provided education, navigation 
and free FIT or colonoscopy screening to uninsured resi-
dents in El Paso County, Texas. By taking advantage of the 
ACCION data, we were able to assess geographical patterns 
of CRC screening uptake among Latinos who participated 

Figure 1  Colorectal cancer uptake hot spots.

Figure 2  % 65+, 2010 census.

Figure 3  Medicare recipient mortality hot spots.

Figure 4  High school graduation hot spots.
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in a screening intervention programme. The few studies that 
have investigated geographical or contextual factors with 
respect to CRC uptake have done so in other populations, 
used clinical data or have done so as part of a large cancer 
incidence or mortality surveillance programme.26 27 There-
fore, the current study provides a novel approach to assessing 
screening and other similar prevention programmes in 
Latinos and other groups.

Studies that have attempted to shed light on Latino cancer 
disparities have largely been conducted in contexts where 
Latinos are the minority and access to care is not a barrier. 
Results revealed that neither Latino ethnicity nor immigrant 
concentration was a significant predictor of CRC screening 
uptake in the ACCION programme. These findings suggest 
that cancer screening and late diagnoses may be associated 
with other factors that are correlated with ethnic or immi-
grant concentration in communities where Latinos are the 
minority. The vast majority of studies that have investigated 
barriers or facilitators among Latino groups have done so 
at an individual level.28 Most of these studies have identi-
fied barriers related to access or misconceptions as the main 
obstacle to CRC screening.20 29–31 Few studies have investi-
gated the relationship between ethnic group concentration 
and health outcomes or cancer screening uptake, generally 
finding a negative effect of ethnic minority concentration 
and screening for any cancer.32 Information on the effect of 
Latino ethnic concentration is limited; however, one similar 
intervention study for breast cancer screening among Latina 
immigrants in Washington State found a significant beneficial 
effect of higher ethnic concentration on screening uptake.33 
These inconsistencies by outcome, race/ethnicity and region 
illustrate the need for further investigation to best identify 
prevention programming, depending on the community 
context.

Age distribution
An increase in census tract concentration of older adults was 
associated with a lower prevalence of CRC screening uptake 
among ACCION participants. In both the regression and 
hot spot analysis, higher census tract concentration of older 
adults (65 years or older) was significantly associated with 
lower CRC screening uptake in the ACCION programme. 
The largest cold spot of uptake was located in one of the 
oldest, more traditional areas of El Paso. There is little to 
no information on the impact of older adult communities 
on screening or general preventive care. While there are 
specialised retirement communities for more affluent adults 
that may provide actual assistance to older adults to assure 
preventive care compliance,34 the majority of older adults 
live on fixed incomes and live in communities with limited 
resources.35 Furthermore, as the older adult population 
grows in size with the ageing baby boomers, neighbours that 
are primarily 65 years or older may become the norm. Despite 
these demographic trends, there are few studies to compare 
the results from this study to. Most studies that have assessed 
health and well-being of older adults in older-aged commu-
nities, have done so in communities where participants were 
of affluence or were institutionalised or lived outside of the 

USA.36 It is well documented that older Latinos tend to live 
in a community environment longer, making use of family 
and other social support resources to assist with healthcare 
needs.37 Little is known as to how these older communities 
may serve as barriers or facilitators to health information. 
The findings from this study could suggest generational 
influences of cancer screening knowledge or fear that may 
be more common in older communities, where correct 
knowledge may not be as available as in areas that have a 
more diverse age distribution. More information is needed to 
understand how population demographics, such as age, may 
impact the exchange of health information and screening 
behaviours in order to better reach those living in older adult 
communities to ensure timely CRC screening to prevent inci-
dence and late-stage diagnosis.

Previous research on cancer screening suggests better 
screening is associated with increased access to healthcare. 
This study differs from most in that analyses of these relation-
ships were aggregated to a census tract level. Unlike the other 
individual-level studies, however, findings indicated that there 
may not be as strong of a relationship with census tract average 
CRC screening uptake and census tract healthcare provider 
access in this study. Participants in ACCION were given free 
screening and transportation to appointments, thereby elim-
inating logistical barriers to successful screening completion. 
It may be that when aggregating data as done in this study, 
these logistical barriers become less significant as may be the 
case among individuals. However, physician practices were 
not evenly distributed across the county, and therefore, the 
estimates may not be as stable as in other previous studies. 
This is an area that needs further investigation, since previous 
studies to compare are lacking at this level of analysis.

While this study provides novel information on contextual 
influences on CRC screening uptake in Latinos, there are 
important limitations to consider. First, only residents who 
were uninsured were eligible to participate in ACCION. This 
could potentially be problematic in the interpretation of the 
results from this study, since the participants are selected 
into the programme because of their socioeconomic status, 
which includes insurance. Therefore, these findings would 
need to be repeated among insured and underinsured 
residents to determine if the significant relationships are 
consistent across population subgroups within this larger 
Latino community. Additionally, while the homogeneity of 
ethnic representation is a strength to disentangle mecha-
nisms that may be responsible for CRC screening in Latinos, 
El Paso is a US–Mexico border community that is mostly 
populated with those of Mexican origin. Additionally, given 
the proximity of El Paso to Mexico, many who were offered 
screening may already be receiving care in Mexico, which 
has been documented elsewhere.38 Findings would need to 
be repeated in other Latino groups and in other parts of the 
USA to determine contextual nuances that may create varia-
tion between locations and ethnic subgroups. Finally, these 
data are cross-sectional and participants were only followed 
up for a limited time period, so therefore it is unknown if 
participants who refused eventually followed through with 
CRC screening.
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CONCLUSIONS
Despite potential limitations, this study provides new findings 
on contextual barriers to CRC screening in a largely Latino 
community. Hot spot analysis is an effective way to under-
stand the distribution of disease and prevention behaviours 
in smaller geographical scales such as within a county or 
city. While typically used in cancer research to detect cancer 
clusters,39 the results from this study revealed not only feasi-
bility but also its utility in geographically tracking successful 
CRC screening uptake in an intervention programme. Using 
hot spot analysis for CRC and other cancer screening could 
provide health systems and public health departments real-
time information on cancer prevention behaviour within 
their community. This could lead to improved responsive-
ness to public health needs, as well as inform outreach and 
education efforts to improve screening.
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