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Abstract

Colorectal cancer (CRC) incidence rates and mortality have been decreasing in the United States. 

Currently, states in the South have the smallest reduction in CRC mortality. The trends of CRC 

incidence rates in Georgia in comparison to the United States have not been investigated. We 

analyzed age-adjusted incidence rates of CRC in Georgia and the United States from 2000 to 2012 

using data from SEER 18 registries. Age-adjusted incidence rates (95% CI) were calculated as 

cases per 100,000 to the 2000 US Standard population. CRC incidence rates were calculated for 

groupings based on age at time of diagnosis, race, sex, and geographic location within Georgia. 

Incidence rates were higher in males compared to females in Georgia. In Georgians age 50–64, 

incidence rates were higher compared to the US, while those ages 65+ displayed lower incidence 

rates. Black Georgians age 50–64 generally exhibited higher incidence rates of CRC and lower 

rates of decrease in incidence compared to other races in Georgia. Asian/Pacific Islander females 

age 50–64 in Georgia exhibited an increasing trend in incidence rate. Whites and blacks Georgians 

age 50–64 displayed higher incidence rates compared to the US, while Asian/Pacific Islanders 

displayed lower incidence rates. Greater incidence rates of CRC in rural and Greater Georgia were 

seen across all races when compared to overall rates in Georgia. Efforts should be made to address 

disparities in Georgia based on race and geographic location. Increased screening by colonoscopy 

or fecal occult blood testing, reduction of risk factors and promotion of healthy lifestyles can 

reduce CRC incidence rates.
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INTRODUCTION

Colorectal cancer (CRC) is a major public health concerns in the United States (US), with 

estimates of 132,700 new cases and 49,700 deaths occurring in 2015 [1]. Development of 

CRC is a slow process, with early stages often presenting with no symptoms. Most CRCs 

are adenocarcinomas arising from non-cancerous adenomatous polyps. Overall, incidence 

rates of CRC have decreased since the mid-1980s, a trend that can be explained by the 

increase in CRC screening and removal of precancerous polyps. CRC screening includes the 

use of fecal occult blood testing (FOBT), flexible sigmoidoscopy, or colonoscopy. Current 

research is focused on DNA testing and searching for a genetic basis for CRC [1,2].

Various risk factors for CRC have been identified, and these form the basis for screening 

recommendations. CRC, like most other kinds of cancer, demonstrates an increase in 

incidence with age. In addition, having a family history of CRC increases the risk of 

developing this cancer. A medical history of adenomatous polyps, chronic inflammatory 

bowel disease (IBD), and/or diabetes along with other chronic metabolic disorders such as 

obesity, increases the risk for CRC. Implicated in CRC incidence are modifiable behavioral 

factors including alcohol consumption (2–4 drinks per day increases risk), obesity, lack of 

physical activity, consumption of red and processed meats, lack of dietary fiber, and 

smoking [3]. In addition, CRC incidence rates are currently highest among black men and 

women and lowest among Asian/Pacific Islander men and women, and in general, are higher 

for men compared to women [3,4].

Currently, substantial data exist regarding cancer incidence rates throughout the country, 

including data on CRC. However, even though there have been a few studies on cancer 

incidence, CRC incidence rates in Georgia have not been investigated [5,6]. Georgia, with 

an African-American population of close to 3 million, which is one of the highest in the 

country, thus has a large number of people at increased risk for CRC [7]. An aim was to 

identify trends in CRC incidence rates in Georgia compared to the US to understand how 

health policy in Georgia regarding CRC may need to be modified. An addition aim was to 

find differences in CRC incidence rates in Georgia based on age, race, and gender to identify 

groups that may need to be targeted for health policies related to CRC awareness and 

screening. A final aim was to recognize differences in CRC incidence rates based on 

geographic location and to identify areas in Georgia where healthcare workers, public health 

officials, and community leaders can focus on reducing the impact of CRC. The overall aim 

was to create a comprehensive overview of CRC in Georgia to understand how to reduce 

incidence rates and enhance favorable outcomes.

MATERIALS AND METHODS

Data on incidence rates of CRC were obtained from the Surveillance, Epidemiology, and 

End Results (SEER) program supported by the National Cancer Institute [8]. Specifically, 

data were obtained from SEER 18, which comprised incidence data collected from 2000 to 

2012 at 18 different registries across the US. Although SEER 18 had the shortest time period 

of collection compared to other registries like SEER 9, SEER 18 is the most comprehensive 

with regards to range of data. In particular, SEER 18 incorporated data collected by the 
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Georgia Center for Cancer Statistics from three distinct geographic areas in Georgia: 

Atlanta, Greater Georgia, and Rural Georgia. Atlanta, with the longest running registry, 

includes Clayton, Cobb, DeKalb, Fulton, and Gwinnett counties. Rural Georgia includes 

Glascock, Greene, Hancock, Jasper, Jefferson, Morgan, Putnam, Taliaferro, Warren, and 

Washington counties. Greater Georgia includes all remaining counties in Georgia. Georgia 

the only state to have several different registries provides a unique opportunity to observe 

trends in incidence rates of cancers based on geographic location.

Data from SEER 18 were analyzed by use of SEER*Stat 8.2.1 software. Age-adjusted 

incidence rates of CRC as cases per 100,000 were calculated based on the 2000 US Standard 

Population using 19 age groups [9,10]. Variables included age at diagnosis (Age < 50, Age 

50–64, Age > 65, Age ≥ 50, All Age Groups), year of diagnosis (2000–2012), race (White, 

Black, Asian/Pacific Islander, All Races), sex (Male, Female, All Sexes), geographic 

location (US, Georgia, Atlanta Metro, Greater Georgia, Rural Georgia), and site/morphology 

(ICD-O-3/WHO 2008 Colon and Rectum: C180, C181, C182-C189, C199, C209). A 95% 

confidence interval was selected [11].

On the basis of populations created from combinations of the aforementioned age at 

diagnosis, race, sex, and location variables, incidence rates of CRC were obtained for each 

year from 2000 to 2012. Using this data, trend lines were created for comparative purposes. 

Furthermore, annual percent changes (APC) and 95% confidence intervals were calculated 

using the weighted least square method. In addition, average incidence rates over the 2000–

2012 periods were calculated for comparisons based on race, sex, and geographic location. 

Groups that had an incidence rate of zero were not excluded. Analysis for outliers was not 

conducted.

RESULTS

For populations in Georgia and the US, age and race groups, trends of age-adjusted 

incidence rates of CRC were examined based on SEER 18 data collected from 2000 to 2012 

(Table 1). Overall, the incidence rates of CRC decreased for SEER 18 data (54.4 in 2000 

and 39.7 in 2012) with significant annual percent changes (APC=−2.6, 95% 

CI=[−2.9,−2.4]). The decrease in APC for incidence rates in Georgia (APC=−2.3) was lower 

than USA (APC=2.6). It’s interesting to see that age-groups greater than 50 showed decrease 

APCs (APC=−1.6 for 50 to 50 group and APC=−3.6 for >65 group) but the APC of 

youngest group (<50) revelry increased (APC=1.5, 95% CI= [1.3, 1.7]). All race groups 

showed a decreased APC (APC=−2.8 for white, APC=−2.3 for black, and APC=−2.3 for 

API).Overall, for patients aged 50 or more, CRC incidence rates have been decreasing in the 

US and Georgia at a similar pace. Incidence rates in Georgia were similar to incidence rates 

in the US, with males displaying a higher rate relative to females (Figure 1).

Among age-specific subgroups, trends of age-adjusted incidence rates of CRC were also 

investigated (Table 2). For this query, age-segments included less than 50 (< 50), from 50 to 

64 (50 – 64), and greater than or equal to 65 (> 65). Although the < 50 age-segment had a 

lower magnitude of incidence rate compared to the other age segments, this age-segment 

was the only group to display an increasing trend in CRC incidence in both male and female 
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populations in the US and in Georgia. Furthermore, in Georgia, incidence rates in Georgia in 

the < 50 age-segment were greater compared to those of the US (Figure 2A, B). For the 50

— 64 age segment, CRC incidence rates were higher for male and female Georgians, 

compared to rates in for the US. In addition, CRC incidence rates within the 50–64 age 

segments decreased from 2000 to 2012, with similar rates of change in rates for both 

Georgians and within the US (Figure 2C, D). The > 65 age segment had the highest absolute 

incidence rate of all the age segments. In contrast to rates for the < 50 and the 50 – 64 age 

segments, Georgians in this age segment exhibited lower CRC incidence rates compared to 

those for the US. Once again, a similar trend in the rate of decrease in CRC incidence from 

2000 to 2012 was seen for both sexes in both Georgia and the US (Figure 2E, F).

Trends of age-adjusted CRC incidence rates in the Georgia population for race-specific 

subgroups were also investigated (Table 3). Overall, incidence rates for white, black, and 

Asian/Pacific Islander Georgians over 50 decreased from 2000 to 2012. Although incidence 

rates decreased for black males and females from 2000 to 2012, these two groups exhibited 

higher rates compared to other races in Georgia, with exceptions; in CRC incidence rates, 

Asian/Pacific Islanders males in 2010 and Asian/Pacific Islander females in 2001 eclipsed 

other races (Figure 3A,B). Within the 50 – 64 age segment in Georgia, several trends were 

noted. Although incidence rates decreased over the 2000 to 2012 period for males, black 

males had the lowest rate of decrease in incidence, and Asian/Pacific Islander males had the 

greatest rate of decrease. In contrast, black females in this age segment in Georgia had the 

greatest rate of decrease in incidence, but Asian/Pacific Islander females had an increasing 

trend in incidence. Relative to other races, black males and females in this age-segment 

continually demonstrated higher rates of incidence from 2000 to 2012 (Figure 3C,D). Within 

the > 65 age segment, black males and females generally exhibited higher rates of incidence 

from 2000 to 2012 relative to other races. However, several exceptions were noted: Asian/

Pacific Islander males exhibited the highest rates in 2000 and 2010, and Asian/Pacific 

Islander females exhibited the highest rates in 2001. Incidence rates for all races and sexes 

in the > 65 age segment experienced a downward trend from 2000 to 2012, although 

absolute rates of incidence remained higher in this age-segment compared to people in the < 

50 and 50–64 age segments (Figure 3E,F).

Based on race and age, differences were noted between the US and Georgia. For adults aged 

50–64, white and black Georgia males, on average had higher incidence rates of CRC 

relative to white and black US males, respectively. However, white and black Georgian 

females had similar rates of incidence of CRC compared to the US population. In contrast, 

in Georgia, Asian/Pacific-Islander of both sexes had lower incidence rates of CRC compared 

to whites and blacks (Figure 4A). Georgians of all races and both sexes in the age segment > 

65 of all races and all sexes exhibited lower rates of CRC incidence relative to those of the 

US (Figure 4B).

In comparing race groups, geographic location within Georgia affected CRC incidence rates. 

For the 50 – 64 age segment, black males and females living in rural areas in Georgia had 

higher rates of CRC incidence when relative to their counterparts in the Atlanta metro area 

or in the state of Georgia overall. In addition, males and females of all race groups living in 

Greater Georgia areas had higher rates of CRC incidence relative to those living in the 
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Atlanta metro area and the state of Georgia overall. Males and females of all race groups 

who lived in the Atlanta metro area exhibited lower incidence rates relative to rates for 

Georgia overall (Figure 5A). For Georgians in the > 65 age segment, black males, white 

males, and Asian/Pacific Islander females in rural Georgia had higher incidence rates 

compared to those in other areas in Georgia. However, the highest rates of incidence for 

Asian/Pacific Islander males and black females were seen in the Atlanta metro area (Figure 

5B). Considering the entire population of Georgia >50 years old, black males in rural 

Georgia had the highest incidence rates of CRC (not shown here).

DISCUSSION

CRC, like all cancers, is a multi-factorial disease. Multiple risk factors contribute to the 

potential of an individual to develop CRC. The prevalence of certain risk factors may affect 

the trends in CRC incidence. Based on the results described previously, we suggest that a 

combination of trends in lifestyle factors, access to preventative care, and cultural attitudes 

are responsible for the differences in CRC incidence rates among races, sexes, age-groups, 

and geographic locations [4].

In general, CRC incidence rates among the US general population and within Georgians are 

decreasing. This trend is most likely due to increases in CRC screening procedures (fecal 

occult blood test, flexible sigmoidoscopy, and colonoscopy), with removal of pre-cancerous 

polyps during colonoscopies in particular. However, incidence rates of CRC in populations 

under 50 are increasing, which is a currently unexplained trend. Although the absolute 

incidence rate of CRC in persons under 50 is small relative to the incidence rates for older 

populations, the trend is of concern. Current clinical guidelines recommend regular 

screening beginning at age 50; populations with increased risk, such as those with genetic 

disorders such as familial adenomatous polyposis or hereditary non-polyposis colon cancer 

or those with a history of IBD, are recommended to begin screening earlier [12]. For both 

adult s and children, there are increased incidences of IBDs such as ulcerative colitis and 

Crohn’s disease. IBD increases the risk for CRC generally eight to ten years after diagnosis. 

With the median age of diagnosis for ulcerative colitis and Crohn’s disease at 34.9 and 29.5 

years, respectively, the increasing incidence of IBD can explain the increasing trends in 

CRC incidence seen in patients under 50 years of age [13,14].

For patients under the age of 65, incidence rates of CRC are greater in Georgia relative to 

the US. Current rates of obesity in Georgia may be related to this trend. In Georgia, the 

current rate of adult obesity (30.3%) is higher than the national average and appears to be 

increasing [15,16]. Excess body weight, which can be classified into either overweight (BMI 

between 25 and 29.9 kg/m2) or obese (BMI greater than 30 kg/m2), is a positive risk factor 

for numerous types of cancer, including colon and rectal cancers. Results of meta-analyses 

of risk ratios per 5 kg/m2 increase in BMI revealed an increased risk-ratio for colon cancer 

(1.24 in men, 1.09 in women) and an increased risk-ratio for rectal cancer (1.09 in men, 1.02 

in women), indicating that men are affected by more by excess body weight when it comes 

to risk for developing colon cancer [17]. Thus, the increased prevalence of obesity may 

explain why incidence rates of CRC in Georgia are higher compared to the US among the < 

50 age segments and the 50–64 age segments. Although, for the >65 age segment, the 
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incidence rate of CRC in Georgia was generally lower compared to the US, the increased 

prevalence in Georgia of obesity and obesity-related metabolic disorders causing premature 

death due to other related diseases or complications apart from CRC may be related to this 

trend. Thus, the association between obesity and body adiposity with CRC incidence can be 

implicated in the trends observed for Georgia [18,19].

In regard to the effect of race on CRC incidence rates within Georgia, black males and 

females within Georgia had, in general, higher rates of CRC compared to Asian/Pacific 

Islanders and whites within the same age segment. Obesity rates and characteristic eating 

patterns among southern whites and blacks can account for the disparities in CRC incidence 

rates between races. As described earlier, Georgia has a severe obesity epidemic. National 

trends reflect that black males and females have greater rates of overweight and obesity 

compared to other races, and this trend is evident in Georgia as well [15]. Diet has been 

implicated in the protection against development of CRC. Consumption of fruits, vegetables, 

and dietary fiber has been associated with a lower risk for CRC, but consumption of red 

meat is implicated as a positive risk factor [4]. Black Americans living in the South 

generally report food consumption consistent with the Southern diet, which includes fried 

foods and red meat as favorite foods [20]. In addition, meat consumption has raised among 

men, particularly black men [21]. Reduction in the rates of obesity among black Georgians 

and promotion of healthier diets consisting of fresh fruits and vegetables with reduction or 

elimination of red meat consumption can likely lessen the disparities. In addition, screening 

recommendations may be adjusted to suggest screening procedures be conducted at earlier 

ages for African American patients who are identified to have multiple lifestyle associated 

risk factors.

The trends from 2000–2012 associated with black males and females of all ages and Asian/

Pacific Islander females of ages 50–64 indicate that these two groups may not be affected as 

much by the overall decrease in incidence rates of CRC. Possible explanations for this trend 

include lack of awareness and access to health care, fear of procedures or results, or 

prohibitive costs for treatment [22]. Although black males and females are generally are at 

higher risk due to certain risk factors such as obesity and diet, there may be as yet 

unidentified factors that are negatively affecting Asian/Pacific Islander females, such as 

increased consumption of Western-style food. Increased awareness campaigns targeted 

towards within the Asian/Pacific Islander community are suggested.

Assessment of geographic location within Georgia revealed disparities affecting Georgians 

within Rural and Greater Georgia. In general, areas outside of the Atlanta Metro displayed 

higher incidence rates compared to the Georgia average. This can be indicative of disparities 

regarding care and awareness in communities throughout Georgia as well as higher rates of 

obesity in some counties located in rural and Greater Georgia. Further, Georgia, like many 

other states, is experiencing a shortage of primary care physicians (PCPs), especially in rural 

areas [23]. PCPs are essential for general maintenance of patient health, health education 

and awareness, and ensuring patient access to the health care network. Since many of the 

risk factors for CRC are preventable, including modifications to diet and other lifestyle 

factors, they may be managed by adequate primary care services. In addition, PCPs may 

identify patients who are at risk for CRC and recommend screening procedures at the 
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appropriate times. Finally, PCPs will be able to educate patients about the importance of 

cancer prevention and cancer screening, and can advocate to their communities. For 

particular races, black and white males in rural and Greater Georgia and Asian/Pacific 

Islander and Hispanic males in the Atlanta Metro area have generally higher incidence rates 

of CRC relative to other areas in Georgia. Region-specific awareness campaigns, with 

emphasis on reduction of risk factors and increases in screening, are recommended. In 

addition, increased access to PCPs and specialists for free or reduced-cost screening 

procedures would address disparities in rural areas in Georgia. Our study has a couple of 

limitations. This study considered investigating the trends of incidence rates from a southern 

state of Georgia. If we extend our study by adding other southern states, it might be also 

informative to understand the characteristics of incidence rates trend in southern region. In 

addition, this study didn’t consider mortality rates. A future study that considers both 

incidence and mortality rates by comparing southern area to remaining USA area might be 

another potential contribution. In methodology, the usage of join point regression method is 

able to upgrade the study by providing information on the number of estimates in join point 

year(s) and to estimate the year(s).

CONCLUSION

In the state of Georgia, CRC is a substantial public health problem. Efforts should be made 

to increase awareness about screening procedures and access to preventive care, particularly 

for black patients and patients in areas in Georgia outside the Atlanta metro area. In 

addition, efforts to reduce obesity, improve diet, and promote healthy lifestyles can help 

reduce CRC incidence rates in Georgia. Future study should investigate the concerning 

increasing incidence of CRC in Georgians and Americans <50 years of age.
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Figure 1. 
Trends of Age-Adjusted Incidence Rates of CRC Based on Sex in US and Georgia, 2000 – 

2012.
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Figure 2. 
Figure 2abTrends of Age-Adjusted Incidence Rate of CRC in < 50 in US and Georgia, 

2000 – 2012 for (A) male and (b) female.

Figure 2cd Trends of Age-Adjusted Incidence Rate of CRC in 50–64 in US and Georgia, 

2000 – 2012 for (C) male and (D) female.

Figure 2ef Trends of Age-Adjusted Incidence Rate of CRC in 65 in US and Georgia, 2000 – 

2012 for (E) male and (F) female.
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Figure 3. 
Figure 3ab Trends of Age-Adjusted Incidence Rate of CRC in Races for Age <50 in 

Georgia, 2000 – 2012 for (A) male and (B) female..

Figure 3cd Trends of Age-Adjusted Incidence Rate of CRC in Races for Age 50–64 in 

Georgia, 2000 – 2012 for (C) male and (D) female.

Figure 3ef Trends of Age-Adjusted Incidence Rate of CRC in Races for Age ≥65 in 

Georgia, 2000 – 2012 for (E) male and (F) female..
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Figure 4. 
Figure 4ab Comparison of Age-Adjusted Incidence Rate of CRC Based on Race and 

Gender in US and Georgia in (A) Age 50 – 64 and (B) Age ≥65.
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Figure 5. 
Figure 5abComparison of Age-Adjusted Incidence Rate of CRC Based on Race and Gender 

in Georgia Regions in (A) Age 50 – 64 and (B) Age ≥65.
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