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Abstract
Purpose: The aim of this study is to investigate racial and geographical disparities of colorectal cancer
incidence in Mississippi.

Methods: Incidence data from 2003-2018 were obtained at the county-level from the Mississippi Cancer
Registry. Incidence rate difference and 95% con�dence intervals between age-adjusted colorectal cancer
incidence for whites and blacks were calculated and mapped using ArcGIS.

Results: The black incidence rate for colorectal cancer was 59.8 per 100,000 while the white incidence
rate was 48.9 per 100,000. Blacks experienced signi�cantly higher incidence rates than whites in 39
counties throughout much of Mississippi. These areas of higher racial disparities did not cluster in a
speci�c region of the state. In the southern part of the state an 8-county cold-spot region was detected
without racial disparities; incidence rate for blacks was 41.3 per 100,000 in this region.

Conclusions: There are racial disparities throughout Mississippi except for an 8-county region towards
the southern part of the state. Additional research should be conducted to identify what factors are
responsible for the lower incidence rates among blacks in this region, and to implement effective
interventions statewide to reduce racial disparities in colorectal cancer incidence.  

Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in both men and women. It is the
second leading cause of cancer death in men aged 20 to 39 and the leading cause in men less than 50
years old [1]. Age-speci�c CRC incidence rates increase with age; it is 33.1 per 100,000 for ages 45-49 but
doubles by the age of 60-64 [1]. CRC incidence rates are about 20% higher in blacks compared to non-
Hispanic whites [2]. The landmark National Polyp study suggests that CRC is preventable through
colonoscopy polypectomy and removal of adenomatous polyps [3]. CRC screening can reduce CRC
incidence which in turn will reduce CRC mortality [4].

CRC mortality rates in the Lower Mississippi Delta were 40% higher than in the rest of the United States
from 2009-2011 [4]. In addition all states experienced a decrease in CRC mortality rates other than
Mississippi between 1990 and 2007 [5]. Mississippi has the highest rate of CRC incidence (48.2 per
100,000) and mortality (18 per 100,000) in the United States [6] [2].

In recent years, incidence data have become more widely available and used for mapping cancer rates in
the US. The recent release of incidence data allows for a more nuanced picture of CRC since mortality
data typically re�ect a combination of incidence and quality of treatment. A recent study in North
Carolina reported geographic patterns of CRC incidence for blacks and whites and found higher incidence
rates among blacks, and a hot spot in eastern North Carolina of higher black-white incidence disparity [7].
We sought to conduct a similar study in Mississippi due to its high CRC incidence rates and sizeable
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black population, with the intent of identifying regions where racial disparities could be addressed in the
future by public health practitioners.

Methods
County-level CRC incidence data for both blacks and whites were obtained from the Mississippi Cancer
Registry from cancer-rates.info from 2003 to 2018. This population-based cancer reporting system
collects data for the population at risk, the number of cases, the crude rate, the age-adjusted rate, and the
95% con�dence interval for the 82 counties in Mississippi. However, 6 of the 82 counties were omitted in
our disparity analyses due to insu�cient population size of whites or blacks resulting in missing data for
either the black or white incidence rates in that county. The risk difference for the two groups was
calculated using the following formula[8]:

IncidenceRateDifference = P1 − P2

where P1 is the age-adjusted CRC incidence rate for blacks (a=number of cases, N1 = age-adjusted
denominator) of each county and P2 for the age-adjusted CRC incidence rate for whites of each county
(b=number of cases, N2=age-adjusted denominator). Con�dence intervals (95%) were calculated as:

IncidenceRateDifference ± 1.96 ∗ SE

and the formula for the standard error (SE) [9]:

SE = √(( a*(N1-a)/N1
3)+( b*(N2-a)/N2

3))

The incidence rate difference and con�dence intervals were merged into a Mississippi county shape �le
and mapped using ArcGIS. If the con�dence interval excluded 0 it was considered statistically signi�cant.

Getis-Ord Gi* spatial cluster statistics were employed in ArcGIS to quantify whether a county is
surrounded by similar counties for black-white incidence rate difference in CRC. Since each county is
examined as a potential center of cluster, we employed the false discovery rate adjustment to account for
multiple testing in calculating the p-value.

Results
CRC incident rate differences between blacks and whites were mapped in Mississippi counties (Figure 1).
Signi�cant racial differences in CRC incidence rates were observed in 39 counties. All counties with
signi�cant disparities showed blacks with higher incidence rates than whites. Some counties had higher
incidence rates among whites compared with blacks but these were not statistically signi�cant.

In the Getis-Ord spatial cluster analysis, no hot spot was detected which indicates there were not clusters
of areas with pronounced racial disparities and that the disparities are sprinkled throughout many areas
of the state. In the southern part of the State, a “cold-spot” cluster was detected, indicating no racial
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disparities; this cold spot region spans 8 counties and is highlighted in blue in Figure 2. Incidence rates
are markedly lower for blacks in this region compared with the state average (Table 1). This is a region of
the state whose practices should be emulated for reducing racial disparities.

Table 1
Black and white incidence rates of CRC in the Cold Spot Region and the entire State Average, 2003-2018.

  State of Mississippi (per 100,000) Cold Spot Region (per 100,000)

Average Black Incidence Rate 59.81 41.31

Average White Incidence Rate 48.88 46.06

Discussion
We report that blacks in Mississippi have higher incidence of CRC compared with whites. We did not �nd
a hot-spot of this racial disparity, rather it persists throughout much of the State. The exception, however,
was an 8 county “cold-spot” region in the southern part of the state. The average black incidence rate in
the “cold-spot” region was 41.3/100,000 while the state average was 59.8/100,000 for blacks. This
indicates that practices used in this cold-spot region to reduce black CRC incidence should be adopted
more broadly to help reduce the racial disparities in the state.

The overall CRC incidence rate in Mississippi (48.2 per 100,000) is greater than the CRC incidence rate for
the United States (38 per 100,000) from 2014-2018 [6]. Using data from our study 2003-2018, the black
incidence rate for CRC is 59.8 per 100,000 while the white incidence rate CRC is 48.9 per 100,000 [6].
However, the incidence in the cold-spot region did not have the same disparity and instead had lower CRC
incidence rates for blacks (41.3 per 100,000) while the CRC incidence rate for whites was similar to the
state incidence rate (46.1 per 100,000).

One factor that may explain the racial differences in CRC incidence rates in Mississippi is access to
recommended preventative colonoscopies or sigmoidoscopies. Clusters of low adherences to CRC and
breast cancer screening guidelines in Mississippi have been identi�ed but did not explicitly consider racial
disparities [10]. Nineteen counties were identi�ed as a cluster of both low breast cancer screening and
low CRC screening. [10]. Out of these nineteen counties, we identi�ed 8 counties (Attala, Bolivar, Jasper,
Lafayette, Lauderdale, Le�ore, Lowndes, and Newton) as having signi�cant racial disparities in CRC,
suggesting use of CRC screening may explain some of the disparities. Furthermore, black Mississippians
reported they never received a colonoscopy or sigmoidoscopy at a higher rate (53.2%) compared with
white Mississippians (41.9%) [11]. Areas with higher self-reported rates of colonoscopies or
sigmoidoscopies had a higher ratio of gastroenterologists per facility offering colonoscopies [11]. This
resulted in the rural areas of Mississippi having less coverage of CRC screening while the urban areas
had essentially full coverage [11]. However, geographic proximity to a colonoscopy did not appear to be a
major driving factor. Approximately 62% of Mississippi’s population live within a 30-minute drive to a
gastroenterologist while 83% of Mississippi’s population live within a 30-min drive to a facility that offers
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colonoscopies [11]. There was no association between duration of travel time to a colonoscopy facility
and CRC health outcomes [11]; however, there was a strong association between CRC incidence and
percentage of Mississippians that live below the poverty line (r=0.461, P≤0.000) [11]. Individuals living in
the Lower Mississippi Delta were less likely to undergo screening for CRC [12] with lower CRC screening
rates associated with lack of insurance, low household income, and black race [13]. This indicates that
multiple factors are in�uencing racial disparities in CRC incidence in Mississippi.

Additional factors that in�uence CRC incidence are diabetes and obesity. Mississippi has one of the
highest median rates of diagnosed diabetes (age-adjusted 12.4%) in adults in the United States (median
age-adjusted 9.5%) for adults aged 18 or older[14] and one of the highest obesity rates in the United
States with blacks being more likely to be obese compared to whites [15]. Type 2 diabetes mellitus is
associated with an increased risk of CRC (OR, 1.42; 95% CI, 1.25-1.62). [16], as is obesity [17]. A study
conducted in 2007-2009 illustrated that the obesity prevalence in the state of Mississippi was lowest in
the southern and northeastern parts of state (between 30.5-33.3%) [18]. Some of the counties with the
lowest obesity prevalence rates were also found in the cold spot (Pearl River, Stone, George, Hancock,
Harrison, and Jackson) [18].

In this ecologic study we were able to quantify rates of CRC incidence and racial disparities; however, we
did not have power to stratify by sex or by cancer stage. We also did not have individual-level data to
understand the factors in�uencing each individual’s cancer diagnosis. Future work in this region is
needed to understand the factors that are driving the racial disparities in CRC incidence, and why the
disparities virtually disappeared in the 8-county cold spot region.

In conclusion, racial disparities in CRC incidence persist through much of the state of Mississippi, with
the exception of an 8-county region in the southern part of the state. Other regions of the state, and
perhaps the country, should follow the lead of these eight counties to reduce racial disparities in CRC
incidence. Additional research should be conducted to identify what these counties are doing and
implement effective interventions to reduce racial disparities in CRC incidence.

Declarations
Statements and Declarations: The authors have no relevant �nancial con�icts or disclosures. This
manuscript has been seen and approved by all authors.

Acknowledgments: This research was supported by the Diversity in Undergraduate Cancer Biology at
Stony Brook Medicine. Funding for this research was received from the National Institute of Health,
National Cancer Institute: R25CA214772.

Con�icts of Interests

There are no competing interests.



Page 6/9

References
1. Siegel RL, Miller KD, Fuchs HE, Jemal A (2021) Cancer Statistics, 2021. CA Cancer J Clin 71(1):7–33.

doi: 10.3322/caac.21654

2. Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC et al (2020) Colorectal
cancer statistics, 2020. CA Cancer J Clin 70(3):145–164. doi: 10.3322/caac.21601

3. Winawer SJ, Zauber AG, Ho MN, O'Brien MJ, Gottlieb LS, Sternberg SS et al (1993) Prevention of
colorectal cancer by colonoscopic polypectomy. The National Polyp Study Workgroup. N Engl J Med
329(27):1977–1981. doi: 10.1056/nejm199312303292701

4. Siegel RL, Sahar L, Robbins A, Jemal A (2015) Where can colorectal cancer screening interventions
have the most impact? Cancer Epidemiol Biomarkers Prev 24(8):1151–6. doi: 10.1158/1055-
9965.Epi-15-0082

5. Naishadham D, Lansdorp-Vogelaar I, Siegel R, Cokkinides V, Jemal A (2011) State disparities in
colorectal cancer mortality patterns in the United States. Cancer Epidemiol Biomarkers Prev
20(7):1296–1302. doi: 10.1158/1055-9965.Epi-11-0250

�. U.S. Cancer Statistics Data Visualizations Tool, based on 2020 submission data (1999-2018). U.S.
Department of Health and Human Services, Centers for Disease Control and Prevention and National
Cancer Institute. . Accessed 15 June 2021

7. Hinshaw T, Lea S, Arcury J, Parikh AA, Snyder RA (2021) Racial and geographic disparities in stage-
speci�c incidence and mortality in the colorectal cancer hotspot region of eastern North Carolina,
2008–2016. Cancer Causes Control 32(3):271–8. doi: 10.1007/s10552-020-01381-2

�. Hackshaw A (2009) Statistical formulae for calculating some 95% con�dence intervals. A Concise
Guide to Clinical Trials. 205-7.
https://onlinelibrary.wiley.com/doi/pdf/10.1002/9781444311723.oth2 Accessed 15 March 2021

9. Rothman KJ (2012) Epidemiology: An Introduction. 2nd Edition ed. Oxford University; 2012

10. Feng X, Tan X, Alenzi EO, Rai P, Chang J (2016) Spatial and temporal variations of screening for
breast and colorectal cancer in the United States, 2008 to 2012. Med (Baltim) 95(51):e5656. doi:
10.1097/md.0000000000005656

11. Faruque FS, Zhang X, Nichols EN, Bradley DL, Reeves-Darby R, Reeves-Darby V et al (2015) The
impact of preventive screening resource distribution on geographic and population-based disparities
in colorectal cancer in Mississippi. BMC Res Notes 8:423. doi: 10.1186/s13104-015-1352-0

12. Bernardo BM, Gross AL, Young G, Baltic R, Reisinger S, Blot WJ et al (2018) Predictors of Colorectal
Cancer Screening in Two Underserved U.S. Populations: A Parallel Analysis. Front Oncol 8:230. doi:
10.3389/fonc.2018.00230

13. Warren Andersen S, Blot WJ, Lipworth L, Steinwandel M, Murff HJ, Zheng W (2019) Association of
Race and Socioeconomic Status With Colorectal Cancer Screening, Colorectal Cancer Risk, and
Mortality in Southern US Adults. JAMA Netw Open 2(12):e1917995. doi:
10.1001/jamanetworkopen.2019.17995



Page 7/9

14. Centers for Disease Control and Prevention (2020) Diabetes Report Card 2019. Atlanta, GA: Centers
for Disease Control and Prevention, US Dept of Health and Human Services
https://www.cdc.gov/diabetes/pdfs/library/Diabetes-Report-Card-2019-508.pdf Assessed 15 June
2021

15. Qobadi M, Payton M (2017) Racial Disparities in Obesity Prevalence in Mississippi: Role of Socio-
Demographic Characteristics and Physical Activity. Int J Environ Res Public Health 14(3). doi:
10.3390/ijerph14030258

1�. Yang YX, Hennessy S, Lewis JD (2005) Type 2 diabetes mellitus and the risk of colorectal cancer.
Clin Gastroenterol Hepatol 3(6):587–594. doi: 10.1016/s1542-3565(05)00152-7

17. Moghaddam AA, Woodward M, Huxley R (2007) Obesity and risk of colorectal cancer: a meta-
analysis of 31 studies with 70,000 events. Cancer Epidemiol Biomarkers Prev. 2007;16(12):2533-47.
doi: 10.1158/1055-9965.Epi-07-0708

1�. Zhang Z, Zhang L, Penman A, May W (2011) Using small-area estimation method to calculate
county-level prevalence of obesity in Mississippi, 2007-2009. Prev Chronic Dis 8(4):A85

Figures



Page 8/9

Figure 1

CRC incidence rate differences between blacks and whites in Mississippi counties, 2003-2018. Areas with
signi�cant rate differences (RDs) are indicated with the wider white circle.  
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Figure 2

Getis-Ord Gi* cluster analysis of CRC incidence rate racial disparities in Mississippi. No hot spots were
identi�ed. Only a cold spot indicating a region without racial disparities.  


