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Abstract

Background: Comorbidities of tobacco and alcohol abuse and obe-
sity are major risk factors for colon carcinogenesis. These risk fac-
tors are considered the most prevalent modifiable risk factors linked 
to malignancies including colorectal cancer (CRC) in both high- and 
low-income countries. The aim of this study was to investigate the 
relationship between number of comorbidities and age of CRC diag-
nosis in US male veteran population.

Methods: A retrospective single-center study using chart review and 
the International Classification of Diseases, Ninth Revision (ICD-9) 
codes to identify patients with a diagnosis of CRC and comorbidi-
ties of tobacco abuse, alcohol abuse, hypertension (HTN), diabetes 
mellitus (DM) and chronic kidney disease (CKD). The primary aim 
was to study effect of these comorbidities on age of CRC diagnosis. 
Univariable and then multivariable logistic regression models were fit 
to age at diagnosis for each patient variable.

Results: A total of 362 patients were included in the study. The mean 
age of CRC diagnosis was 66.8. Eighty percent were Caucasians, and 
20% were African Americans. African Americans were diagnosed 
with CRC 3.8 years younger compared to Caucasians (P = 0.01). 
Controlling for other variables in the multivariable model, age at 
CRC diagnosis was significantly lower for African Americans and for 
patients with higher total counts for tobacco and alcohol abuse and 
obesity. HTN, DM and CKD were not associated with a lower age of 
CRC diagnosis.

Conclusions: Tobacco and alcohol abuse and obesity have nega-

tive cumulative effect on age of CRC diagnosis in US male veteran 
population. Patients with increasing number of these comorbidities 
are associated with significantly lower age of CRC diagnosis. It is 
important to identify veterans with these comorbidities and encourage 
CRC screening.
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Introduction

Colorectal cancer (CRC) is the third most common cancer diag-
nosis and second leading cause of cancer-related deaths among 
men and women in the USA [1]. Over 150,000 new cases and 
50,000 deaths annually are attributed to CRC [1, 2]. In the USA 
CRC incidence has decreased in adults older than 50 years in 
the last three decades [1]. This reduction is largely attributed 
to increased CRC screening and detection of precancerous le-
sions [3]. The Veterans Affairs (VA) as a healthcare entity is a 
network of 153 hospital facilities and 788 community-based 
outpatient clinics that serve US veterans [4]. Over 5 million 
young and aging members of the armed forces receive care 
from the VA healthcare system annually [5]. In addition, about 
3% of US cancer diagnoses are made in the VA annually [5]. 
This places the VA healthcare system at the forefront of rem-
edying morbidity and mortality related to CRC in a sizable 
portion of the US population.

The American Cancer Society 2018 guidelines and the 
United States Preventative Services Task Force (USPSTF) 
current CRC guidelines recommend screening colonoscopies 
starting at age 45 and 50 for average risk patients respec-
tively [6, 7]. Current guidelines do not stratify patients based 
on specific risk factors such as tobacco, alcohol or obesity. 
Genetic predisposition accounts for a small proportion of all 
CRC cases, and as high as 90% of CRC cases are attributed 
to behavioral risk factors including physical inactivity, obe-
sity, tobacco use and alcohol consumption [8]. Some of these 
risk factors, namely tobacco and alcohol consumption, are 
prevalent in the US veteran population, potentially placing 
them at a higher risk for CRC compared to the general popu-
lation [9]. Few studies have evaluated the combined asso-
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ciation of tobacco, alcohol, and obesity and their cumulative 
effect as it relates to the age of CRC diagnosis in the US 
veteran population. The purpose of this study was to identify 
the prevalence of common chronic comorbidities and to as-
sess the cumulative effect of these comorbidities on the age 
of CRC diagnosis.

Materials and Methods

A retrospective single-center study was performed at a large 
VA hospital in Dayton, Ohio. All patients with biopsy-proven 
CRC from January 2001 to July 2015 were included in the 
study. The International Classification of Diseases, Ninth Re-
vision (ICD-9) codes (153.9, 154.1) were used to identify pa-
tients with a diagnosis of CRC, and diagnoses were verified 
from a registry kept by the pathology department. Comorbid 
conditions were identified using ICD-9 codes for tobacco 
abuse (305.1), alcohol abuse (305.00), hypertension (HTN) 
(401.9), diabetes mellitus (DM) (250.00, 250.01), and chronic 
kidney disease (CKD) (585.9). Demographic data including 
name, age, gender, and race were collected. Computer-calcu-
lated body mass index (BMI) for each patient was obtained. 
Initial data search identified 369 patients. Seven female pa-
tients were excluded to unify patients for analysis and to make 
results more generalizable to the VA patient population which 
is predominately males. After exclusion, a total of 362 patients 

were included in the final analysis.

Statistical analysis

Age at diagnosis of CRC was evaluated by patient demographics 
and presence of comorbidities. The mean and standard deviation 
for the age at diagnosis is presented for each demographic and 
comorbidity level. Univariable linear regression models were fit 
to age at diagnosis for each patient variable. Three comorbidi-
ties (tobacco abuse, alcohol abuse, and obesity) were found to 
trend toward lower age at diagnosis. The total count of these 
comorbidities was identified for each patient. A multivariable 
linear regression model for age at diagnosis was fit including all 
examined variables, with tobacco abuse, alcohol abuse, and obe-
sity included as a total count rather than individually. Interac-
tion effects between race and comorbidities were evaluated. All 
statistical tests were evaluated at the α = 0.05 significance level.

The study protocol was approved by the institutional re-
view board (IRB) at Wright State University and Dayton Vet-
erans Affairs Medical Center.

Results

A total of 362 patients met the inclusion criteria. The incidence 
of each comorbidity, patient demographics and clinical charac-

Table 1.  Patient Characteristics and Mean Age of Diagnosis (N = 362)

Variable Level N (%) Age at diagnosis:  
mean (SD)

Univariable P value  
for difference in age

Race Caucasian 290 (80.1%) 67.5 (10.6) 0.01
African American 72 (19.9%) 63.7 (10.1)

Tobacco abuse Yes 231 (63.8%) 65.4 (10.3) 0.001
No 131 (36.2%) 69.2 (10.6)

Alcohol abuse Yes 111 (30.7%) 63.6 (10.2) < 0.001
No 251 (69.3%) 68.2 (10.5)

HTN Yes 264 (72.9%) 67.5 (10.4) 0.04
No 98 (27.1%) 64.9 (10.8)

CKD Yes 56 (15.5%) 69.6 (10.4) 0.03
No 306 (84.5%) 66.3 (10.5)

DM I or II Yes 147 (40.6%) 66.6 (10.0) 0.78
No 215 (59.4%) 66.9 (11.0)

Obesity (BMI ≥ 30) Yes 95 (26.2%) 65.4 (10.0) 0.15
No 267 (72.9%) 67.3 (10.8)

Total count of tobacco, alcohol, obesity 0 75 (20.7%) 71.3 (9.4) < 0.001
1 152 (42.0%) 67.0 (11.1)
2 120 (33.2%) 64.2 (10.0)
3 15 (4.1%) 62.1 (7.0)

Total N/A 362 (100%) 66.8 (10.6) N/A

SD: standard deviation; HTN: hypertension; CKD: chronic kidney disease; DM: diabetes mellitus; N/A: not applicable.
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teristics are listed in Table 1. The mean age of CRC diagnosis 
was 66.8. Eighty percent were Caucasians, and 20% were Afri-
can Americans. Of the study population 63.8% (231) had a his-
tory of tobacco use, and 30.7% (111) had a history of alcohol 
abuse. HTN was the most prevalent comorbidity with 72.9% 
(264) of patients having a diagnosis of HTN. Ninety-five 
(26.2%) patients had BMI > 30. Diabetes type I or II was pre-
sent in 40.6% (147) of patients, and CKD was the least prev-
alent comorbidity with a prevalence of 15.5% (56). African 
Americans were diagnosed with CRC 3.8 years younger com-
pared to Caucasians (P = 0.01). Similarly, patients who use to-
bacco was diagnosed with CRC 3.8 years younger (P = 0.001) 
compared to non-smokers. Alcohol abuse reduced the age of 
CRC diagnosis by 4.6 years in drinkers (P < 0.001) compared 
to non-drinkers. Controlling for other variables in the multi-
variable model, age at CRC diagnosis was significantly lower 
for African Americans and for patients with higher total counts 
for tobacco, alcohol, and obesity (Table 2). Patients with one, 
two or all three diagnoses of tobacco, alcohol or obesity repre-
sented 42.0% (152), 33.2% (120) and 4.1% (15) respectively 
(Table 3). If a patient had a single diagnosis of tobacco, or 
alcohol or was obese, they were diagnosed with CRC 4.1 years 
younger (P = 0.004). If a patient had two diagnoses of tobacco, 
or alcohol or was obese, they were diagnosed with CRC 6.8 
years younger (P <0.001). If a patient had all three diagno-
ses of tobacco, alcohol and obesity, they were diagnosed with 

CRC 8.9 years younger (P = 0.002). Patients with diabetes had 
a trend toward lower CRC diagnosis; however, this was not 
statistically significant in multivariate analysis. Age at CRC di-
agnosis was significantly higher for patients with HTN alone. 
There were no significant interaction effects between race and 
any of the comorbidities.

Discussion

Analysis in our study shows a significant relationship between 
the number of comorbidities and age of CRC diagnosis. Obe-
sity, history of tobacco and alcohol abuse and African Ameri-
can race are associated with increased CRC risk. This is con-
sistent with known literature that shows an increased risk of 
CRC in patients of African American ancestry and those with a 
history of obesity, tobacco and alcohol abuse [10-19]. Our re-
sults identify a racial disparity in CRC diagnosis, and African 
American patients were diagnosed with CRC at an earlier age 
compared to Caucasians. This finding further supports prior 
studies that showed African American patients are diagnosed 
with CRC at an earlier age and have the highest mortality com-
pared to all other racial groups [10, 11]. While multiple stud-
ies have reported these comorbidities as risk factors for CRC, 
our study sought to look the combination of comorbidities 
and determine their association with age of CRC diagnosis. In 

Table 2.  Multivariable Linear Regression Model for Age at Diagnosis

Variable Level Model coefficienta (SE) P value
Race African American -3.8 (1.3) 0.01

White Reference Reference
Total count of tobacco, alcohol, obesity 0 Reference Reference

1 -4.1 (1.4) 0.004
2 -6.8 (1.5) < 0.001
3 -8.9 (2.9) 0.002

HTN Present vs. not 3.1 (1.2) 0.01
CKD Present vs. not 2.7 (1.6) 0.08
DM I or II Present vs. not -1.5 (1.1) 0.20

aThe adjusted mean difference in age at diagnosis (a negative coefficient indicates a lower age at diagnosis). SE: standard error of estimated coef-
ficient; HTN: hypertension; CKD: chronic kidney disease; DM: diabetes mellitus.

Table 3.  Breakdown of the Tobacco, Alcohol, and Obesity Comorbidity Combinations

Total count Tobacco Alcohol Obesity N (%)
3 Yes Yes Yes 15 (4.1%)
2 Yes Yes No 74 (20.4%)

Yes No Yes 43 (11.9%)
No Yes Yes 3 (0.8%)

1 Yes No No 99 (27.3%)
No Yes No 19 (5.2%)
No No Yes 34 (9.4%)

0 No No No 75 (20.7%)
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our analyses, patients with increasing number of comorbidi-
ties are diagnosed with CRC at an earlier age. These findings 
are important as they provide further insight into the role of 
comorbidities in CRC diagnosis. Results in our study further 
quantify the number of years negatively affected by patients 
with increasing number of comorbidities. Negative effects of 
comorbidities on the age of CRC diagnosis remain consistent 
regardless of patient’s race (Fig. 1).

Role of alcohol and tobacco use

Chronic alcohol consumption is well established in the litera-
ture as a major risk factor for colon carcinogenesis. It is associ-
ated with a 60% chance of CRC incidence [12, 13]. In a cohort 
study of over 11,000 residents in a retirement community, Wu 
et al report that daily alcohol drinkers had a two-fold increase in 
risk of CRC [14]. In this study, researchers reported that 58% of 
patients diagnosed with CRC had a daily intake of alcohol con-
taining beverage compared to 45% of non-drinkers. The risk of 
CRC is higher in those with heavy alcohol consumption. The 
risk is increased by 45% in those consuming at least 45 g (three 
drinks) per day [15]. However, there is no safe threshold for 
alcohol consumption as chronic alcohol intake even at low rates 
(one to three drinks daily or 10 to 40 g per day) is associated 
with 1.5 to 3.5-fold increase in CRC risk [16]. Alcohol-related 
carcinogenesis stems from the metabolic byproducts of alco-
hol. Acetaldehyde, the main byproduct of alcohol metabolism 
is identified as a potent carcinogen that can promote cancer de-
velopment through multiple mechanisms. Acetaldehyde is as-
sociated with interruption of DNA replication and induction of 
DNA damage [15]. Other alcohol metabolism enzymes, such 
as alcohol dehydrogenase (ADH), aldehyde dehydrogenase 
(ALDH) and cytochrome P450 2E1 (CYP2E1), which are in-
volved in the general metabolism of alcohol are also stipulated 
to be prone to genetic mutation in the presence of alcohol, pos-
sess harmful effects and play a role in the carcinogenesis of 
alcohol [15].

Current or former tobacco use is similarly established as 
a risk factor for CRC. CRC risk in smokers ranges from 7% 
to 21% [17-19]. In one meta-analysis of 28 prospective cohort 
studies, the risk of CRC is increased by 21% in those who smoke 
at least one cigarette per day compared to never smokers [20]. 
In this meta-analysis, researchers compared current smokers to 
never smokers and noted increased CRC risk in current smok-
ers (relative risk (RR): 1.38; 95% confidence interval (95% CI): 
1.22 - 1.56). Another meta-analysis comparing current smok-
ers to never smokers also reports a 17% (95% CI: 0.97 - 1.40) 
higher risk of developing CRC and 40% (95% CI: 1.06 - 1.84) 
higher risk of CRC mortality [19]. Both meta-analyses com-
pared former smokers to never smokers, and CRC risk appears 
to persist even after tobacco cessation. Comparable results of 
increased CRC risk were noted in both meta-analyses when 
comparing never smokers and former smokers (RR: 1.25; 95% 
CI: 1.04 - 1.51) [19] and (RR: 1.18; 95% CI: 1.12 - 1.25) [20] 
respectively. Tobacco effects on CRC risk are believed to be 
dose dependent and worse in those with a prolonged history of 
smoking or heavy smoking. In smokers of more than 30 years 
or more than 20 cigarettes per day, the risk of CRC is increased 
by 34% or 46%, respectively [20]. These studies used self-re-
ported data to establish tobacco as a significant risk factor for 
CRC. However, similar results were replicated in another study 
that used biomarkers (serum cotinine, o-cresol sulfate, and hy-
droxycotinine) of tobacco exposure. In a nested case-control 
study of 255 CRCs and 254 matched controls, Cross et al re-
ported increased CRC risk in self-reported current smoking of 
any tobacco and current cigarette smoking, and further noted 
that individuals with detectable levels of hydroxycotinine had 
increased CRC risk compared to those with non-detectable lev-
els (odds ratio (OR): 2.68; 95% CI: 1.33 - 5.40) [20]. Moreo-
ver, smoking and alcohol use are reported as the most prevalent 
modifiable risk factors linked to malignancies including CRC 
in both high- and low-income countries [21].

Our findings are consistent with prior literature showing al-
cohol and tobacco use as major risk factors for CRC. Our analy-
ses further show that as the numbers of risk factors accumulate, 

Figure 1. Relationship between race and comorbidity and age of CRC diagnosis. CC: Caucasian; AA: African American; NTAB: 
non-tobacco abuse; TAB: tobacco abuse; NAAB: non-alcohol abuse; AAB: alcohol abuse; NO: non-obese; O: obese; CRC: 
colorectal cancer.
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the age of CRC diagnosis is significantly reduced. This shows 
the overlapping contribution of these risk factors. The combina-
tion of tobacco and alcohol having the greatest negative effect 
on age of CRC diagnosis might be of greater importance among 
veterans relative to the general population, in whom substance 
abuse and dependence is not as prevalent. Tobacco and alcohol 
use are more prevalent in the veteran population [9], and it is 
prudent to evaluate the overall health effects of these risk fac-
tors and their role in deadly diseases such as CRC.

Role of obesity and DM

Overall obesity trend in the USA remains unfavorable; and 
it is estimated that 36% of the US adult population is obese 
[22]. An amounting body of evidence also suggests that obe-
sity and diet rich in fats are associated with increased risk of 
CRC [23, 24]. Indicators of excess body fat such as unhealthy 
BMI, waist-to-hip ratio and insulin resistance are linked to in-
creased CRC risk. In a meta-analysis of 31 prospective stud-
ies, increasing BMI, waist circumference and waist-hip-ratio 
were associated with increased CRC risk [25]. This risk in-
creases with worsening body habitus. Larsson et al report that 
a 5-unit increase in BMI is associated with a 30% increase in 
CRC risk in men and 12% increase in women (P < 0.001) [25]. 
The mechanism by which obesity affects CRC risk remains 
unclear. Several pathways have been suggested including fat 
cells promoting proliferation of CRC cells, overexpression of 
fatty acid synthetase and adipokines such as adiponectin and 
leptin having played a role in the development of CRC [26-
29]. This study did not show that obese population is at high 
risk of CRC, probably because the number (34, 9.4%) is quite 
small. As well known, being overweight or obese is a high risk 
in both men and women of developing and dying from CRC. 
This conclusion needs to be demonstrated in a larger study.

In our analysis, we did not separate patients into type I or 
type II diabetes. No direct association between DM and colon 
cancer was found in the literature. Although not statistically 
significant in our analysis, diabetes shows a trend toward in-
creased risk for CRC (Table 2). This is plausible given that 
both CRC and DM share metabolic syndrome as a common 
risk factor. Patients with abdominal obesity and increasing 
waist-to-hip-ratio are strongly associated with both DM and 
colon cancer [30-32].

Role of HTN and CKD

In the study subjects, HTN was noted to be the most preva-
lent comorbidity while CKD was the least prevalent. In our 
analysis, HTN and CKD were found to have a protective ef-
fect on age of CRC diagnosis. Patients with HTN and CKD 
were diagnosed with CRC at 3.1 and 2.7 years older respec-
tively. HTN and CKD are closely related and are known to be 
risk factors for major medical conditions including coronary 
artery disease, myocardial infarction, heart failure and stroke 
with associated death and disability. However, role of HTN 
and CKD in colon carcinogenesis is not clear in the literature, 

and there is a paucity of literature analyzing their role in colon 
carcinogenesis. Given paucity of supporting literature and the 
nature of this single-center, retrospective study effective inter-
pretation of this finding is limited. More studies are needed to 
deduce whether this is a true effect or coincidence.

Several limitations need to be considered. First, this is 
a retrospective chart review and we were unable to quantify 
amount, type, and duration of alcohol and tobacco abuse. 
Nonetheless, current literature points that there is no safe 
threshold for alcohol and tobacco consumption for cancer risk 
[16, 20]. As common to any analysis that relies on self-report-
ed data, our study is subject to potential bias and measurement 
errors. However, self-reported data are commonly employed 
in epidemiologic studies that established tobacco and alcohol 
risk associations with multiple cancers including lung, esopha-
gus, oral cavity, pharynx, and larynx. Second, many of the VA 
patient population must undergo financial needs assessment, 
and those with lower levels of education might need assistance 
in manipulating VA benefits and coverage. Others live in rural 
communities with limited access to gastroenterology. These 
are all factors that can hinder or impact timing of age appro-
priate CRC screening, hence increasing their risk at baseline. 
Third, most VA patients are males and white, and this limits 
the generalizability of this study. Nonetheless, VA healthcare 
system is large and serves over 5 million patients annually. 
Therefore, results of our study are crucial as they provide in-
sight into the disease burden in this specific patient population.

Conclusions

Our study shows that individual risk factors for CRC have a 
cumulative negative effect on age of CRC diagnosis in US vet-
erans. Interventions to address individual CRC risk factors in 
US veteran population are highly needed. Cumulative negative 
effect of individual risk factors should be seriously considered 
when determining the need for CRC screening in US veteran 
population.
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