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Background: According to Surveillance, Epidemiology and End Results (SEER) database, 

colorectal cancer (CRC) is the fourth most common type of cancer and second highest in 

cancer-related death after lung cancer. The SEER database is geographically limited, currently 

present in only 10–12 states. Though this gives a good approximation about the overall direc-

tion of CRC incidence and prevalence, we need more nationwide data to compare numbers. 

Furthermore, colonoscopies and CRC rates in the Veterans Affair (VA) geriatric population 

have not been studied.

Objectives and methods: Our aim was to study the rate of colonoscopies and CRC in octo-

genarians and nonagenarians and to find the prevalence of CRC in this population. The goal was 

to obtain data in this subset of patients in order to further expand CRC screening guidelines. 

A retrospective data analysis was performed consisting of US male veterans who underwent 

colonoscopy in the VA Health Care System from 2000 to 2015.

Results and conclusion: A total of 458,224 patients aged $80 years were identified from 

the database between years 2000 and 2015. This was divided into three groups of age 80–84 years 

(89,621 patients), 85–90 years (248,155 patients), and .90 years (120,448 patients). A total of 

81,946 patients underwent colonoscopies of which 9,365 were diagnosed with CRC. There was 

a statistically significant linear increase in rate of colonoscopies with increase in age suggesting 

that these veterans who end up living to a higher age eventually get a colonoscopy for one reason 

or the other. The drop in CRC percentage and prevalence observed in age group 85–90 years is 

statistically different when compared to that in 80–84 years and .90 years groups; however, 

its clinical significance remains to be elucidated.
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Background
Colorectal cancer (CRC) is a common and lethal disease. Approximately 135,430 

new cases of CRC are diagnosed every year with over 50,000 cancer-related deaths.1 

According to Surveillance, Epidemiology and End Results (SEER) database, CRC is 

the fourth most common type of cancer and second highest in cancer-related death after 

lung cancer.2 CRC incidence is close to zero before 40 years of age and rises thereafter to 

~282/100,000 by 80 years of age. Median age at diagnosis is 68 years with peak around 

65–74 years, and median age of death is 73 years with peak death around 75–84 years 

of age.2 CRC originates as adenomas or flat dysplasia and evolves into cancer with slow 

progression over a decade. Colorectal screening is the process of detecting early-stage 

CRCs and precancerous lesions in asymptomatic individuals. Since the implementation 

of CRC screening, the death rate from CRC has been declining at the rate of 2.7% each 
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year between 2004 and 2013, resulting in a 53% reduction in 

CRC mortality.3 The US Multi-Society Task Force (MSTF) for 

colorectal cancer, a panel of gastroenterologists, recommends 

screening asymptomatic average risks persons for colorectal 

cancer beginning at age 50 up until age 75.

A recent study by van Hees et al4 has shown that screen-

ing older patients who have never been screened before is 

cost-effective up to 86 years of age for fecal immunochemical 

test, 83 years of age for colonoscopy, and 84 years of age 

for sigmoidoscopy without comorbidities and at an average 

risk for CRC.3 Although this study showed limited benefit for 

continued screening, it was based on data obtained through a 

microsimulation. A similar study by Garcia et al on Medicare 

beneficiaries showed prospective data suggesting statistical 

significant decrease in risk of CRC between those receiv-

ing screening vs those not screened over an 8-year period 

between 70 and 79 years of age.5 Incidence and stage of CRC 

were studied for this age group but not CRC-specific mor-

tality. Furthermore, patients aged $80 years were excluded 

from the study. Another study by Tang et al has also shown 

that patients who have life expectancy .10 years would 

benefit from CRC screening.6 The previously aforementioned 

studies all have similar conclusion that age should not be the 

sole criteria for defining CRC screening.

CRC screening is not recommended in octogenarians 

and nonagenarians. However, most colonoscopies in this 

age group are performed for a diagnostic purpose. There 

is lack of national data about colonoscopies and CRC rates 

in these age groups. Previously reported data on CRC have 

excluded patients who are aged $80 years, and thus, limited 

data are available for the rate of colonoscopy in octogenar-

ians and nonagenarians. Furthermore, colonoscopies and 

CRC rates in the Veterans Affair (VA) geriatric population 

have not been studied.

Objectives and methods
Our aim was to study the rate of colonoscopies and CRC in 

octogenarians and nonagenarians, and to find the prevalence 

of CRC in this population. The goal was to obtain data in this 

subset of patients in order to further expand CRC screening 

guidelines. Furthermore, it will help us to compare CRC 

prevalence in the VA vs the general population.

A retrospective data analysis was performed consisting 

of US male veterans who underwent colonoscopy in the 

VA Health Care System. We searched Veterans’ Health 

Administration (VHA) databases containing extracted 

medical record information on all VHA patients. Using VA 

Informatics and Computing Infrastructure (VINCI) database, 

we created a cohort of male veterans who were 80 years of 

age and underwent a screening or diagnostic colonoscopy 

at any VA hospital between 2000 and 2015. Females were 

excluded from the study, as there are only a limited number 

of females who underwent colonoscopy during this time.

We acquired our data using SQL programming and data 

query language. We applied Current Procedural Technology 

(CPT) codes for diagnostic and screening colonoscopy on 

our target population to determine percentage of colonoscopy 

in our cohort. We used the most commonly used CPT codes 

for colonoscopy as identified by our staff gastroenterologist. 

To determine individual frequency among octogenarians and 

nonagenarians, we divided this cohort into three main groups 

according to age: 80–84, 85–90, and .90 years of age. Subse-

quently, we then used International Statistical Classification 

of Diseases-9 (ICD-9) codes for CRC (153.0–153.9 and 154) 

on this cohort to identify the patients with CRC. A flowchart 

showing our study methods is shown (Figure 1).

We then calculated percentages of colonoscopies in each 

group by dividing colonoscopies in that age group by the total 

number of patients in that group. Similarly, the percentage 

Figure 1 Flowchart of the methods including total cohort of the patients, colonoscopy receiving patients, and patients diagnosed with colorectal cancer (CRC).
Abbreviation: CPT, Current Procedural Technology.
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of CRC in each group was calculated by dividing CRC 

cases in each group by total colonoscopies in that age group. 

Prevalence of CRC in each group was calculated by dividing 

patients with CRC in that age group over total number of 

patients in that group multiplied by 100,000. Each veteran 

included in our study had individual identifiers and was 

counted only once. If a veteran underwent multiple colonos-

copies during the duration of the study, he was counted only 

once by the VINCI algorithm.

Statistical analysis
We used XLSTAT 2017 software to run chi-squared and 

Cochran–Armitage tests for trend on patients receiving 

colonoscopies to test for an association and to find a trend 

in the percentage of colonoscopies. Statistical significance 

was accepted at P,0.05. We calculated the ORs for colo-

noscopies in these age groups with respect to each other. The 

OR, its standard error, and 95% CI were calculated accord-

ing to Altman 1991.7 Similarly, we ran the above statistics 

algorithm for patients diagnosed with CRC during these 

colonoscopies to see any significant difference in percent-

age of CRC within the age groups and test for a significant 

trend, if any, among the three age groups. Then, we also 

calculated odds for percentage of CRC in these age groups 

with respect to each other.

Ethical statement
Our study was approved by the Samuel S. Stratton VA Medical 

Center Institutional Review Board (FWA #00002073; 

IRB #00000950). This study was a retrospective review; 

hence, informed consent was not obtained from the subjects.

Results
Table 1 shows total population involved in the study. Table 2 

shows colonoscopy rate and Table 3 shows CRC prevalence. 

A total of 458,224 patients aged $80 years were identified 

from the database between 2000 and 2015. We divided this 

into three age groups (80–84, 85–90, and .90 years) to 

determine individual frequencies. Group 1 (80–84 years) had 

89,621 patients, group 2 (85–90 years) had 248,155 patients, 

and group 3 (.90 years) had 120,448 patients (Table 1).

The total number of patients who underwent colonos-

copy were 81,946 (17.88%) and, of these, 9,365 (11%) 

were diagnosed with colon cancer. As expected, the group 

with the highest number of patients (group 2) also had the 

highest number of colonoscopies performed. However, 

there was a surprisingly high percentage of patients above 

90 years of age who received a colonoscopy (Table 2). The 

number of veterans diagnosed with CRC after receiving a 

colonoscopy is shown in Table 3. More veterans in group 2 

were diagnosed with CRC than in other groups as they had 

highest patient population. However, when calculating the 

percentage of CRC, group 2 had the lowest percentage as 

compared to both group 1 and group 3. Prevalence of CRC 

was calculated per 100,000 veterans (Table 3).

Statistical analysis
There was a statistically significant difference in patients 

receiving colonoscopies among different age groups 

(P,0.001; chi-squared test; Table 2). Cochran–Armitage 

trend analysis also demonstrated a significant trend for an 

increase in proportion of patients receiving colonoscopies 

as age increases (P,0.001) with a linear trend (linear 

Table 1 Total population (N) in different age groups and 
prevalence per 100,000

Age N Prevalence

80–84 years 89,621 2,107

85–90 years 248,155 1,790

.90 years 120,448 2,500

Total 458,224  

Table 2 Number of patients (N) receiving colonoscopy and their 
percentage (%) out of total population in the age group along with 
OR between each group

Age N % OR, P,0.001

Group 1, 80–84 years 14,502 16.1 Group 1 vs 2: 0.90 
(0.88–0.92)

Group 2, 85–90 years 43,547 17.5 Group 1 vs 3: 0.78 
(0.76–0.79)

Group 3, .90 years 23,897 19.8 Group 2 vs 3: 0.85 
(0.84–0.87)

Total 81,946 17.8  

Table 3 Number of patients (N) with colorectal cancer in the 
colonoscopy receiving groups and their percentage (%) out 
of total colonoscopy in that group along with OR between 
each group

Age N % OR, P,0.001

Group 1, 80–84 years 1,889 13.0 Group 1 vs 2: 1.31 
(1.23–1.38)

Group 2, 85–90 years 4,463 10.2 Group 1 vs 3: 1.03 
(0.97–1.10)

Group 3, .90 years 3,013 12.6 Group 2 vs 3: 0.79 
(0.75–0.83)

Total 9,365 11.4  
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regression, R2=0.98, Figure 2). In order to quantify this trend 

even further, we calculated the OR (Table 2). As the group 

number increased, the odds of having colonoscopies also 

increased which was statistically significant.

Analysis of CRC percentages using chi-squared test was 

also significant for P-value ,0.001, suggesting overall statis-

tical difference between different rows and column (Table 3), 

but during Cochran–Armitage trend analysis among different 

age groups, group 1 and group 3 were not statistically dif-

ferent. This was further confirmed after calculating the OR 

between different age groups. Odds of having CRC in group 1 

compared to group 2 was statistically significant as was odds 

of having CRC in group 3 compared to group 2. The data 

showed that odds of having CRC in group 2 was statistically 

lower to both groups 1 and 3 whereas groups 1 and 3 were 

not statistically different from each other.

Discussion
It is estimated that by 2030, the US population aged $65 years 

increases to ~72 million, almost double its estimated popula-

tion of 43.1 million in 2012.8 Demographic changes in the 

United States will result in a marked increase in the number 

of cancer diagnoses over the next 20 years. Age is a major 

risk factor for sporadic CRC, and incidence of CRC increases 

at 40 years of age.2 CRC screening of asymptomatic people 

can result in the early diagnosis of CRC and pre-cancerous 

lesions.9 Early stage detection of CRC results in improved 

5-year survival.10 CRC screening via the use of colonoscopy 

is highly sensitive for precancerous lesions, single-session 

diagnosis and treatment.11 Previously reported data on CRC 

have excluded patients who are aged $80 years, and thus, 

limited data are available for the rate of colonoscopy in 

octogenarians and nonagenarians.

Our study demonstrates a large population of octoge-

narians and nonagenarians who underwent colonoscopy in 

VA healthcare system despite the United States Preventive 

Services Task Force (USPTF) recommendation for cessation 

of screening at 75 years of age. The highest number of vet-

erans in our study population was between 85 and 90 years 

of age. This is due to an increase in the Veteran population 

during the Second World War (1939–1945). The above data 

show that rate of colonoscopies increases with age. There 

is statistically significant gradual increase in the percentage 

of colonoscopies performed in groups 1–3, suggesting that 

these veterans who end up living to a higher age eventually 

get a colonoscopy for one reason or the other. Even though 

most of these were diagnostic colonoscopies, they resulted 

in large number of veterans aged .80 years to be diagnosed 

with CRC.

Although our study showed increasing colonoscopy rates 

in octogenarians and nonagenarians, our major limitation is 

that we are unable to determine individual complications 

from the procedure. The data were obtained via the use of 

automated codes using VINCI national database and thus 

limit the details that would have been available by individual 

chart review.

The SEER database is geographically limited, currently 

present in only 10–12 states. Although this gives a good 

approximation about the overall direction of CRC incidence 

and prevalence, we need more nationwide data to compare 

numbers. Our data suggest almost equal prevalence of 

CRC as indicated by SEER database around 2.5%–3% for 

age .90 years, but we showed a decline in prevalence for 

85–90 years age group rather than gradual increase as shown 

before. This statistically significant drop observed in CRC 

percentage in age group 85–90 years when compared to 

80–84 and .90 years is intriguing, but its clinical significance 

remains to be elucidated. Veterans who received colonos-

copies up to the age of 75 years may have been covered for 

the next 10–15 years as evolution of adenomas to cancers is 

Figure 2 Percentage of colonoscopies in VA population cohort with linear regression R2=0.9807. Significant difference between the three age groups, P,0.001.
Abbreviation: VA, Veterans Affair.
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of the same duration. We hypothesize that after passing this 

decade, veterans may have been symptomatic with signs or 

symptoms of CRC which resulted in an increase in colonos-

copies frequency and prevalence in nonagenarians.

One limitation of the study is that we were unable to 

review previous colonoscopies performed prior to the inclu-

sion in our study period. Also, colonoscopies performed 

outside the VA hospital would not have been included in the 

VINCI database. Non-VA care is very common, especially 

for Veterans aged .65 years who have Medicare. It would 

have been beneficial to see if there is a possible missed lesion 

on prior colonoscopy or this may have been the result of 

cessation of screening.

Another limitation in our study is that CPT and ICD-9 

codes cannot reliably ascertain colonoscopy indications and 

cancer outcomes respectively as discussed by Ko et al.12 

More often, due to the billing and coding nature of these 

colonoscopies it sometimes becomes challenging to establish 

if the patient received screening or diagnostic colonoscopy. 

Ko et al showed that sensitivity for average risk screening 

colonoscopies vary from 55% to 86%, whereas sensitivity 

for diagnostic colonoscopy varied between 77% and 89%. 

Although we tried to include the major CPT codes for both 

diagnostic and screening colonoscopies, its overall sensitiv-

ity may be varied. We recognize that ICD-9 codes and CPT 

codes are standardized, and in certain patients, there may be 

more than one indication for colonoscopy.

In conclusion, our study has the largest cohort of any 

study published on octogenarians and nonagenarians. 

We believe our large sample size and integrated national 

health records indicate that there are large numbers of 

colonoscopies being performed in patients aged $80 years. 

The data also show that there are a large number of elderly 

veterans diagnosed with CRC in the study duration. Even 

though guidelines recommend against continuing screen-

ing colonoscopy after 75 years of age, there is a significant 

increase in colonoscopy percentage as age increases. Hence, 

these elderly patients are undergoing colonoscopies and 

being diagnosed with CRC. There is a significant drop in 

CRC percentage in group 85–90 years of age as compared to 

80–84 years of age and then significant increase in .90 years 

of age for which the reasoning is unclear. We need to keep 

these numbers in mind when making screening guidelines 

especially in this modern era where due to advancement 

of medical technologies patients are living longer. Future 

studies showing survival and staging data in octogenarians 

and nonagenarians may assist patients and clinicians in 

making better-informed decisions about continuation of 

screening and treatment in the elderly. Large randomized 

controlled trails and prospective studies in these age groups 

should be considered to determine whether screening and 

treatment at these ages result in overall benefit.
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