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Background: Large disparities exist in the utilization rates of screening modalities for colorectal 

cancer (CRC) in different socioeconomic areas. In this study, we evaluated whether the quality 

of bowel preparation differed significantly among populations with a high risk of CRC compared 

with that among the general population after matching for potential confounding factors.

Methods: Hispanic and African American patients who underwent routine screening or sur-

veillance colonoscopies in an outpatient setting between 2003 and 2013 were included in this 

retrospective study. Patients who underwent colonoscopies for emergent indications and repeat 

routine screening colonoscopies because of prior history of inadequate bowel preparation were 

excluded from this study. The patients were divided into three groups: patients having an average 

risk of being diagnosed with CRC (group 1); patients having a high risk of being diagnosed with 

CRC because of a personal history of adenomatous polyps (group 2); and patients having a high 

risk of being diagnosed with CRC because of a family history of CRC in first-degree relatives 

(group 3). All the patients were given preprocedural counseling and written instructions for 

bowel preparation. Data on demographic information, method of bowel preparation, quality of 

bowel preparation, comorbidities, and prescription medications were collected.

Results: In all, 834 patients had a “high-risk for CRC” surveillance colonoscopy in view 

of their personal history of adenomatous polyps and were included in group 2. In total, 250 

patients had a “high-risk for CRC” screening colonoscopy in view of their family history of 

CRC in first-degree relatives and were included in group 3. Further, 1,000 patients were selected 

to serve as controls (after matching for age, sex and ethnicity) and were included in group 1. 

Bowel preparation was graded as good, fair, or poor by the endoscopist performing the study. 

We observed a significantly higher number of good bowel preparations in group 2 and group 3 

(P=0.0001) when compared with group 1 (controls) after adjusting for comorbidities and usage 

of prescription medication that could potentially cause colonic dysmotility. These differences 

were significant in both Hispanic and African American patients.

Conclusion: Our study showed that perception of CRC risk significantly influenced the bowel 

preparation behaviors of patients belonging to minority populations, with a significantly greater 

number of patients with a high risk of CRC having adequate bowel preparations.

Keywords: colorectal cancer, bowel preparation, quality, screening colonoscopy, high-risk 

populations, minority populations

Introduction
Colorectal cancer (CRC) is the second most common cause of cancer-related death 

in the USA.1 However, CRC-related mortality has declined by almost 3% over the 

past decade.1 This decrease has been attributed to improved screening protocols and 

wider coverage of the population.2 Simulation models have shown that the decrease 
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in CRC rates is mainly attributable to screening rather than 

to a decrease in risk factors.3 The benefits of colonoscopy 

in preventing right-sided colon cancers and in decreas-

ing mortality associated with these cancers are unclear.4,5 

Although a randomized controlled trial did not show any 

effect of colonoscopy in preventing mortality associated 

with CRC, long-term observational data have shown that 

colonoscopy decreases the mortality risk associated with 

CRC.6 Colonoscopy has the highest sensitivity and specific-

ity among all modalities available for CRC screening. It has 

been postulated that until more reliable data are available 

from a randomized controlled trial, it is reasonable to expect 

that use of colonoscopy as a screening modality can reduce 

CRC-associated mortality rate by 70%–80%.7

An individual is defined as having a high risk of CRC 

if he/she has a personal history of adenomatous polyps, a 

family history of CRC in a first-degree relative (parent or 

sibling) before the age of 60 years, or hereditary colon cancer 

entities such as familial adenomatous polyposis or heredi-

tary nonpolyposis CRC, or a protracted history (more than 

8–10 years) of inflammatory bowel disease (ulcerative colitis 

or Crohn’s disease). Adenomatous polyps are detected in up 

to one third of patients who undergo screening  colonoscopy.8 

These polyps are dysplastic and are hence considered 

 premalignant. Removal of these colonic adenomas is impor-

tant to minimize the risk of and mortality associated with 

CRC. A family history of CRC in a first-degree or second-

degree relative is common, and is observed in up to 5% of 

the general population aged 20–79 years.9 Approximately 

one quarter of all patients with CRC have a family history of 

CRC.10 It was found in some studies that Hispanic patients 

had a higher likelihood of undergoing sigmoidoscopy/

colonoscopy while participating in CRC screening when 

compared with other modalities.11 However, to the best of 

our knowledge, no studies have been performed regarding 

the quality of bowel preparation among patients with a high 

risk of CRC who belong to minority populations.

The most important factor affecting the outcome of 

colonoscopy is the quality of bowel preparation. Several 

studies have shown that advanced age,12 male sex13,14 comor-

bidities such as diabetes (because of its negative influence on 

colonic motility due to autonomic neuropathy that leads to 

impaired postprandial gastrocolic response),15,16 and low edu-

cational level17,18 are independent risk factors for poor bowel 

preparation. In addition, multiple commonly prescribed 

medications, such as beta-blockers, calcium channel block-

ers, opiates, and tricyclic antidepressants, influence bowel 

motility and thus the quality of bowel preparation.

This retrospective study evaluated whether the quality 

of bowel preparation differed significantly among popula-

tions with a high risk of CRC compared with that among the 

general population after matching for potential confounding 

factors. We specifically included patients from minority 

populations who presented to an inner city hospital because 

there is paucity of data on factors affecting the quality of 

bowel preparation in these populations.

Materials and methods
Patients
This retrospective study was performed according to the 

Declaration of Helsinki. The institutional review board of the 

study hospital approved the study protocol. Data were col-

lected from electronic medical records of patients and were 

tabulated in an Excel® spreadsheet (Microsoft  Corporation, 

Redmond, WA, USA). Hispanic and African American 

patients who underwent routine screening or surveillance 

colonoscopies in the outpatient setting from 2003 to 2013 

were included in this study. All patients received polyeth-

ylene glycol-based formulations for bowel preparation, and 

received routine verbal instructions on bowel preparation 

and on the procedure itself, with an emphasis on the impor-

tance of adherence to the protocol for bowel preparation. 

In addition, all the patients were provided with instructions 

printed in their preferred language to remind them about the 

protocol for bowel  preparation. The patients were allowed 

to consume only a clear liquid diet (fruit juices, lemonades, 

and tea without milk) on the day before the procedure. In 

addition, the patients were recommended to maintain a “sip 

to scope” time (time between the last sip of bowel prepara-

tion liquid and colonoscopy) of at least 5 hours. Patients 

who underwent colonoscopy for emergent indications or 

while being admitted to the hospital were excluded from the 

study. The patients included in the study were divided into 

three groups: patients from the general population who had 

an average risk of being diagnosed with CRC during screen-

ing colonoscopy (group 1); patients who had a high risk of 

being diagnosed with CRC because of a personal history of 

adenomatous polyps (group 2); and patients who had a high 

risk of being diagnosed with CRC because of a family history 

of CRC in first-degree relatives (group 3).

We collected baseline demographic data, including age, 

sex and ethnicity, for all the groups. In addition, we col-

lected data on the method of bowel preparation (full-dose or 

split-dose protocol) and quality of bowel preparation (good, 

fair, or poor, as graded by endoscopists). We also obtained 

data on the presence of comorbidities, such as  diabetes and 
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Table 1 Baseline characteristics of patients classified based on risk of colorectal cancer before colonoscopy

Characteristic Group 1 
total n, (%)

Group 2 
total n, (%)

P-value 
Groups 1, 2

Group 3 
total n, (%)

P-value 
Groups 1, 3

age, years 51.46±4.26* 63.14±8.76 0.0001‡ 50.77±10.65 0.112
Ethnicity (%)
 African Americans
 hispanics

380 (38)
620 (62)

387 (34.4)
548 (65.6)

0.1367
0.1367

86 (34.4)
164 (65.6)

0.3066
0.3066

Male sex, n (%) 336 (33.6) 306 (36.6) 0.18 73 (29.2) 0.200
Full-dose preparation protocol 925 (92.5) 778 (93.1) 0.587 230 (92) 0.789
ComorbiditiesΩ n (%)
 Diabetes
 CVa
 Cirrhosis
 CKD
 Dementia
 Constipation

258 (25.8)
19 (1.9)
11 (1.1)
68 (6.8)
6 (0.6)
212 (21.2)

300 (35.9)
18 (2.1)
12 (1.4)
60 (7.2)
6 (0.7)
49 (19.6)

0.0035‡

0.740
0.534
0.782
0.778
0.6029

46 (18.4)
4 (1.6)
2 (0.8)
15 (6)
1 (0.4)
177 (21.2)

0.100
1.000
1.000
0.776
1.000
1.0000

Medications€ n (%)
 BB
 CCB
 Opiates
 TCa

214 (21.4)
224 (22.4)
264 (26.4)
61 (6.1)

305 (36.5)
237 (28.3)
240 (28.7)
48 (5.7)

0.0001‡

0.0035‡

0.2701
0.7672

41 (16.4)
44 (17.6)
56 (22)
17 (6.8)

0.08
0.10
0.22
0.66

Notes: *Plus-minus values are the mean ± standard deviation; ‡P,0.05 was considered statistically significant; €comorbidities were not mutually exclusive, with any one 
patient possibly having multiple comorbidities; Ωmedications were not mutually exclusive, with any one patient possibly using multiple medications.
Abbreviations: BB, beta-blockers; CCB, calcium channel blockers; CKD, chronic kidney disease; CVA, cerebrovascular accident; TCA, tricyclic antidepressants.

Table 2 Quality of bowel preparation in patients classified based 
on risk of colorectal cancer before colonoscopy

Quality 
of bowel 
preparation

Group 1 
total n, 
(%)

Group 2 
total n, 
(%)

P-value 
Groups 
1, 2

Group 3 
total n, 
(%)

P-value 
Groups 
1, 3

Good 324 (32.4) 379 (45.4)  
0.0001‡

153 (61.2)  
0.0001‡Fair 390 (39.0) 307 (36.7) 67 (26.8)

Poor 286 (28.6) 149 (17.8) 30 (12)
inadequate 676 (67.6)€ 456 (54.6)€  0.0001‡ 97 (38.8)€ 0.0001‡

Notes: ‡P,0.05 was considered statistically significant; €total number of inadequate 
bowel preparations was the sum of numbers of fair and poor bowel preparations.

cerebrovascular accident, and use of  prescription  medications, 

including beta-blockers, calcium channel blockers, opiates, 

and tricyclic antidepressants.

Definitions
Full-dose protocol
The full-dose protocol involved administration of the entire 

volume of the polyethylene glycol-based formulation in the 

evening before the colonoscopy. After this, the patients were 

asked to fast until completion of colonoscopy.

split-dose protocol
The split-dose protocol involved administration of half of the 

polyethylene glycol-based formulation in the evening before 

the colonoscopy and the remaining half on the morning of the 

colonoscopy. Patients were asked to fast for at least 2 hours 

after ingestion of the clear liquid, as per American Society 

for Anesthesiology guidelines.

Good bowel preparation
Good bowel preparation was defined as the absence of or only 

a minimal amount of solid stool with or without coexistent 

clear fluid that required suctioning.

Fair bowel preparation
Fair bowel preparation was defined as the presence of semi-

solid debris that was cleared with difficulty.

Poor bowel preparation
Poor bowel preparation was defined as the presence of solid 

or semisolid debris that could not be cleared effectively, thus 

precluding adequate visualization.

inadequate bowel preparation
Inadequate bowel preparation was defined as a combination 

of fair and poor bowel preparations.

Evaluation of results
We attempted to find differences in the quality of bowel 

preparations between the three study groups after match-

ing for potential confounding factors such as sex, preferred 

language of instructions, ethnicity, comorbidities (diabetes 

and cerebrovascular accident), and use of colonic motility 
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Figure 1 Quality of bowel preparation in patients classified based on the risk of colorectal cancer before colonoscopy.

Table 3 Quality of bowel preparation in Hispanic patients 
classified based on risk of colorectal cancer before colonoscopy

Quality 
of bowel 
preparation

Group 1 
total n, 
(%)

Group 2 
total n, 
(%)

P-value 
Groups  
1, 2

Group 3 
total n, 
(%)

P-value 
Groups 
1, 3

Good 198 (31.9) 252 (45.9)  
0.0001‡

105 (64.0)  
0.0001‡Fair 242 (39.0) 200 (36.4) 38 (23.1)

Poor 180 (29.0) 96 (17.5) 21 (12.8)
inadequate 422 (68.0)€ 296 (54.0)€ 0.0001‡ 59 (35.9)€ 0.0001‡

Notes: ‡P,0.05 was considered statistically significant; €total number of inadequate 
bowel preparations was the sum of numbers of fair and poor bowel preparations.

inhibitors (beta-blockers, calcium channel blockers, opiates, 

and tricyclic antidepressants).

statistical analysis
Continuous variables were expressed as the mean and stan-

dard deviation, and categorical variables were expressed 

as percentages. Fisher’s Exact test was used to analyze the 

distribution of categorical data, and analysis of variance was 

used to compare the means. P-values less than 0.05 were 

considered to be statistically significant.

Results
In all, 7,834 patients underwent elective colonoscopy in the 

outpatient setting of our hospital during the study period. Of 

these, 834 patients showed a high risk of CRC on surveillance 

colonoscopy because of a personal history of adenomatous 

polyps observed on a previous colonoscopy (included in 

group 2) and 250 patients showed a high risk of CRC on 

screening colonoscopy because of their family history of 

CRC in first-degree relatives (included in group 3). In addi-

tion, 1,000 subjects matched for age, sex and ethnicity who 

were attending their first screening colonoscopy were selected 

as controls (included in group 1).

Baseline characteristics of the three groups were compared 

(Table 1). No statistically significant difference was observed 

between the mean age of controls (51.46±4.26 years) and 

that of patients with a family history of CRC (50.77±10.65 

years; P=0.112). However, patients undergoing surveillance 

colonoscopy because of a personal history of adenomatous 

polyps (mean age 63.14±8.76 years) were significantly older 

than controls (P=0.0001). Distribution according to ethnic-

ity and sex was not significantly different between the three 

groups. The majority of patients in the three groups underwent 

full-dose bowel preparation before the colonoscopy, and the 

differences were not statistically significant. Significantly 

more patients in the surveillance colonoscopy group had 

diabetes than in the control group (P=0.0035). However, the 

distribution of diabetes among patients with a family history 

of CRC was similar to that in controls (P=0.100). Use of both 

beta-blockers and calcium channel blockers was higher among 

patients in the surveillance colonoscopy group than in the 

control group (P=0.0001 and P=0.0035, respectively). Use 

of these medications was not significantly different among 

patients with a family history of CRC compared with controls 

(P=0.08 and P=0.10, respectively).

The quality of bowel preparation in each group is shown 

in Table 2. A significantly greater proportion of patients in 

the surveillance colonoscopy group had good-quality bowel 

preparation (adequate examination) than those in the control 

group (P=0.0001). Similar results were obtained for patients 

with a family history of CRC (P=0.0001). Both fair-quality 

and poor-quality bowel preparations were considered inad-

equate because potentially premalignant lesions could not 

be conclusively excluded (Figure 1).

We performed a subgroup analysis to determine whether 

these differences were seen individually in each ethnic 

 population. In both Hispanics (Table 3, Figure 2) and African 
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Figure 2 Quality of bowel preparation in Hispanic patients classified based on the risk of colorectal cancer before colonoscopy.

Table 4 Quality of bowel preparation in African American 
patients classified based on the risk of colorectal cancer before 
colonoscopy

Quality 
of bowel 
preparation

Group 1 
total n,  
(%)

Group 2 
total n,  
(%)

P-value 
Groups  
1, 2

Group 3 
total n, 
(%)

P-value 
Groups 
1, 3

Good 126 (33.1) 127 (44.2)  
0.0032‡

48 (55.8)  
0.0001‡Fair 148 (28.9) 107 (37.2) 29 (33.7)

Poor 106 (27.8) 53 (18.4) 9 (10.4)
inadequate 254 (66.8)€ 160 (55.7)€ 0.0037‡ 38 (44.1)€ 0.0001‡

Notes: ‡P,0.05 was considered statistically significant; €total number of inadequate 
bowel preparations was the sum of numbers of fair and poor bowel preparations.

Americans (Table 4, Figure 3), the quality of bowel prepara-

tion was significantly different.

The adenoma detection rate was significantly higher in 

patients with a personal history of adenomatous polyps and in 

those with a family history of CRC than in patients undergo-

ing routine screening colonoscopy (P=0.0001; Table 5).

Discussion
The quality of bowel preparation is influenced by multiple 

factors that are dependent on patients and bowel preparation 

protocols. Multiple studies have shown that age is an inde-

pendent predictor of the quality of bowel preparation,12,15 with 

advanced age having a negative influence on the quality of 

bowel preparation. In our study, patients undergoing surveil-

lance colonoscopy were significantly older than controls, for 

individual ethnicity as well as for the combined population. 

However, a significantly higher proportion of patients under-

going surveillance colonoscopy had adequate bowel prepara-

tion when compared with controls. Subgroup analysis showed 

that this was true for both ethnicities. Older patients in the 

surveillance colonoscopy group could not be matched with 

those in the control group who underwent routine screening 

colonoscopy because the majority of these control patients had 

undergone their first ever colonoscopy. The remaining baseline 

demographic variables (ethnicity and sex) were distributed 

similarly among the three groups, either individually for each 

ethnicity or for the combined population.

Multiple randomized controlled trials have shown that 

split-dose bowel preparation improves patient compli-

ance with precolonoscopy instructions and outcomes of 

colonoscopy.19–21 In our study, only a small fraction of patients 

in each study group underwent split-dose bowel preparation. 

The use of this protocol was similar across all the study 

groups for both ethnicities. We examined the most common 

comorbidities, including diabetes, cirrhosis, and cerebrovas-

cular accident,13 which adversely affected the quality of bowel 

preparation. Studies have shown that diabetes causes colonic 

dysmotility secondary to the loss of enteric neurons because 

of increased autonomic dysfunction and oxidative stress.16,22 

We observed that the prevalence of diabetes was significantly 

higher in the surveillance colonoscopy group than in the 

control group, which could be attributed to the advanced age 

of patients in the former group. However, this did not influ-

ence the quality of bowel preparation in either Hispanic or 

African American patients. In addition, we assessed the use 

of common colon motility inhibitors, such as beta-blockers, 

calcium channel blockers, opiates, and tricyclic antidepres-

sants, in each study group and ethnicity, and found that use 

of these medications was significantly greater among patients 

in the surveillance group, which again could be attributed 

to an increased disease burden among these patients due 

to advancing age. However, this increase in usage did not 

affect the quality of bowel preparation among patients in the 

surveillance group. This was observed for both ethnicities 

included in this study. We observed that the percentages of 

inadequate quality of bowel preparation were higher in the 
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Table 5 adenoma detection rate in the three study groups

Variable Group 1 
total n,  
(%)

Group 2 
total n,  
(%)

P-value 
Groups  
1, 2

Group 3 
total n,  
(%)

P-value 
Groups 
1, 3

adenoma  
detection  
rate (%)

220 (22) 96 (38.4) 0.0001‡ 280 (33.6) 0.0001‡

Note: ‡P,0.05 was considered statistically significant.
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Figure 3 Quality of bowel preparation in African American patients classified based on the risk of colorectal cancer before colonoscopy.

control group for both the ethnicities compared with those 

observed in other studies. This could be partly attributed to 

differences in prevalence of known risk factors for poor bowel 

preparation among different ethnicities. These differences 

between studies could be because of wide heterogeneity in 

bowel preparation modalities and protocols. The rationale for 

screening and surveillance colonoscopy was clearly explained 

to all patients considered as having a high risk of CRC. 

Adherence to the bowel preparation regimen was strongly 

emphasized at the time of scheduling the colonoscopy. The 

same was done for patients who were considered to have an 

average risk of CRC. Therefore, the finding of a significantly 

higher number of adequate bowel preparations among patients 

with a high risk of CRC (irrespective of ethnicity) highlights 

the influence of perception of cancer risk on the behavioral 

patterns of patients. It could be argued that patients with a 

high risk of CRC could have received verbal instructions of 

better quality and that their perception of high risk of CRC 

could have improved their adherence to dietary restrictions 

and bowel preparation regimens.

Our study has some limitations that are inherent to its 

retrospective design. There is considerable heterogeneity 

in grading the quality of bowel preparation by different 

endoscopists. It has been noted in previous studies23 that the 

timing of colonoscopy does not influence the quality of bowel 

preparation. However, multiple studies have shown that the 

duration of sip to scope time significantly affects the quality 

of bowel preparation.23–25 We did not have sufficient data 

on the timing of colonoscopies, which might have biased 

our results. In addition, there was an inherent selection 

bias among patients undergoing surveillance colonoscopies 

because they were aware of bowel preparation regimens and 

the procedure itself. It could be argued that these patients 

had a better understanding of the diet and bowel preparation 

regimens than colonoscopy-naïve patients. All the patients 

were provided with written instructions to reinforce the 

salient features of dietary restrictions and bowel preparation 

regimens; however, we did not have information on their 

education or socioeconomic status. Both these factors have 

been found to affect the quality of bowel preparation.

In conclusion, we found that perception of CRC risk influ-

enced patient behavior, leading to a significantly higher num-

ber of adequate bowel preparations among patients having a 

higher risk of CRC than in those undergoing routine screening 

colonoscopy. These differences were statistically significant 

for both Hispanic and African American patients.
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