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Abstract

Bowel preparation with low-residue diet (LRD) has resulted in higher patient satisfaction and

similar polyp detection rates compared to conventional clear liquid diet. However, there is

limited experience with LRD in veterans, in whom conditions associated with poor bowel

preparation are more prevalent than the general population. To examine risk factors associ-

ated with inadequate bowel preparation, we conducted a chart review of outpatient colonos-

copies at the Manhattan VA Medical Center from February 2017 to April 2018. To examine

patient satisfaction and compliance, we administered an anonymous questionnaire to

patients undergoing outpatient colonoscopy from March to August 2018. Patients assessed

by chart review (n = 660) were 92% male with a mean age of 64 years. An adequate Boston

Bowel Preparation Scale score�2 in each colonic segment was achieved in 94% of proce-

dures. Higher BMI, diabetes, prior inadequate bowel preparation, bowel preparation dura-

tion of two days, and opioid use were associated with inadequate bowel preparation on

univariable analysis. On multiple logistic regression, only higher BMI remained a predictor,

with every one-unit increase associated with a 6% increased odds of poor bowel prepara-

tion. Questionnaire responses showed 84% of patients were willing to repeat LRD bowel

preparation, 85% found the process easy or acceptable, and 78% reported full adherence to

LRD. These findings demonstrate that bowel preparation quality, patient satisfaction, and

compliance were all high among veterans using LRD.

Introduction

Screening prevents deaths from colorectal cancer, but only 63% of Americans aged 50 years

and older are up-to-date on screening [1]. A major barrier for individuals considering under-

going a colonoscopy is the bowel preparation process [2]. Research has shown that a low-resi-

due diet (LRD) is a promising alternative to the conventional clear liquid diet used to prepare

for colonoscopy [2, 3]. One study found that patients who consume a limited LRD before colo-

noscopy achieved a bowel preparation quality that was noninferior to patients on a strict clear
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liquid diet [4]. Furthermore, polyp detection rates, patient tolerance, and patient acceptance

were similar between the two groups [4]. In other studies, patients on a LRD reported signifi-

cantly higher satisfaction with bowel preparation medication, diet, and the overall preparation

process [2]. Patients may also be more willing to undergo the preparation and repeat the pro-

cess [3].

However, it is unclear which demographic characteristics predict inadequate bowel prepa-

ration with a LRD. Previous research has shown that older age, higher body mass index (BMI),

and increased abdominal girth all independently predicted inadequate bowel preparation [5],

however the reported compliance with the LRD in that study was suboptimal. Since veterans

tend to be older and have a higher prevalence of medical comorbidities such as obesity that

predict inadequate bowel preparation, investigating whether LRD can be used for the veteran

population is of great interest [6, 7]. The efficacy of LRD in the veteran population has only

been reported previously in abstract form [8].

In November 2016, a patient education pamphlet that included a LRD menu was intro-

duced at the VA New York Harbor Health Care System (NYHHCS) Manhattan Medical Cen-

ter. This replaced the previous bowel preparation instructions, which used a clear liquid diet.

Compared to historical controls who underwent a clear liquid diet, those who used the LRD

had a statistically non-significant increase in the proportion of individuals with adequate

bowel preparation (82% vs. 86%), although the proportion with a maximum Boston Bowel

Preparation Scale (BBPS) score of 9 was significantly increased (27% vs. 41%) [9]. In this

study, our objectives were to identify risk factors associated with inadequate bowel preparation

and to assess patient satisfaction and compliance with the LRD.

Materials and methods

This study was approved by the Veterans Affairs New York Harbor Health Care System Insti-

tutional Review Board (#1651) and included both a chart review and questionnaire compo-

nent. Prior to colonoscopy, all patients were assessed in the gastroenterology clinic and

received one-on-one teaching about the bowel preparation from a registered nurse or nurse

practitioner. All patients received a copy of the color educational pamphlet that formed the

basis of the teaching, which included a LRD menu. The standard bowel preparation was a

split-dose 2L polyethylene glycol-based solution.

To examine factors associated with inadequate bowel preparation, we conducted chart

reviews on a consecutive subset of outpatient colonoscopies performed between February

2017 and April 2018 at the Manhattan VA. Informed consent was waived by the Veterans

Affairs New York Harbor Health Care System Institutional Review Board. Using an automated

query that was supplemented with manual data extraction, we obtained information on demo-

graphics, medical risk factors, medications, endoscopic findings, and histologic results. An

adequate bowel preparation was defined as BBPS�2 in each colonic segment [10].

To examine patient satisfaction and compliance with the LRD bowel preparation, we

administered a brief, 14-item anonymous questionnaire to patients undergoing outpatient

colonoscopy at our hospital from March to August 2018. As the questionnaire was primarily

intended for quality improvement, its content validity was assessed internally by the study

team, but pilot testing was not performed. All patients were eligible to participate. The ques-

tionnaire was optional, and consent was implied if the patient chose to participate. Separate

oral or written consent was not obtained. The questionnaire addressed the following topics: 1)

satisfaction with the LRD bowel preparation, 2) satisfaction with the patient education pam-

phlet, and 3) compliance with the LRD (Fig 1).
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Statistical analyses were performed in R 3.5.2. Sample size for the analysis of risk factors

associated with inadequate bowel preparation was calculated based on a baseline 15% inade-

quate bowel preparation in our population prior to the implementation of the educational

pamphlet with LRD. Using the conventional minimum of 10 events per variable for a logistic

regression model and approximately 10 variables in our model, we estimated that we would

need approximately 100/0.15 = 667 patients [11]. We assessed potential predictors of inade-

quate bowel preparation using the chi-squared test and t-test. Variables with P< 0.1 on uni-

variate analysis were entered into the multiple logistic regression model.

Results

In the chart review portion of the study (n = 660), the vast majority of patients (92%) were

men and the mean age was 64 years. Adequate bowel preparation was achieved in 94% of pro-

cedures. Table 1 shows the association between various demographic and medical factors and

bowel preparation adequacy on univariate analysis. Higher BMI, diabetes, prior inadequate

bowel preparation, bowel preparation duration of two days, and use of opioid medication all

showed statistically significant associations with inadequate bowel preparation, whereas age,

race, and smoking status did not. On multiple logistic regression, only higher BMI was statisti-

cally significantly associated with inadequate bowel preparation (OR 1.06, 95% CI 1.01–1.12,

p = 0.03, Table 2). Thus, for every one unit increase in BMI, the odds of an inadequate bowel

preparation increased by 6%.

Fig 1. Survey of low-residue diet. Satisfaction and compliance with low residue diet were assessed with a questionnaire prior to colonoscopy. Overall, patients expressed

high satisfaction with the LRD bowel preparation. Self-reported compliance with the diet was also high, with 78% of patients indicating full adherence.

https://doi.org/10.1371/journal.pone.0233346.g001
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The results of the questionnaire portion of the study (n = 251) are shown in Table 3. Over-

all, patients expressed high satisfaction with the LRD bowel preparation. Eighty-four percent

of patients were willing to repeat the bowel preparation, 85% found the process easy or

Table 1. Association between risk factors and bowel preparation quality with low-residue diet.

Variable Inadequate bowel preparation (n = 41) Adequate bowel preparation (n = 619) Univariable P-value

Age, mean (SD) 61 (10) 64 (12) 0.13

Sex, n/total (%) 0.51

Male 37/615 (6) 578/615 (94)

Female 4/45 (9) 41/45 (91)

Race, n/total (%) 0.22

White 11/241 (5) 230/241 (95)

Black or African American 21/337 (6) 316/337 (94)

Pacific Islander 0/7 (0) 7/7 (100)

Asian 0/9 (0) 9/9 (100)

American Indian or Native Alaskan 1/5 (20) 4/5 (80)

Other 7/59 (12) 52/59 (88)

Ethnicity, n/total (%) 0.19

Hispanic/Latino 11/111 (10) 100/111 (90)

Not Hispanic/Latino 30/ 545 (6) 515/ 545 (95)

Declined to answer 0/4 (0) 4/4 (100)

BMI, mean (SD) 31 (6) 29 (5) 0.02

Smoking, n/total (%) 0.44

Current 15/150 (10) 135/150 (90)

Non-smoker 13/187 (7) 174/187 (93)

Former 6/149 (4) 143/149 (96)

Diabetes, n/total (%) 0.03

Yes 17/171 (10) 154/171 (90)

No 24/489 (5) 465/489 (95)

Constipation, n/total (%) 0.86

Yes 9/130 (7) 121/130 (93)

No 32/530 (6) 498/530 (94)

Dementia, n/total (%) 0.14

Yes 2/8 (25) 6/8 (75)

No 39/652 (6) 613/652 (94)

Cirrhosis, n/total (%) 0.15

Yes 3/22 (14) 19/22 (86)

No 38/638 (6) 600/638 (94)

Prior inadequate bowel prep, n/total (%) 0.04

Yes 10/84 (12) 74/84 (88)

No 31/576 (5) 545/576 (95)

Bowel prep duration, n/total (%) <0.01

One day 10/164 (6) 154/164 (94)

Two day 8/85 (9) 77/85 (91)

Opioid use, n/total (%) 0.01

Yes 6/34 (18) 28/34 (82)

No 35/626 (6) 591/626 (94)

Abbreviations: SD, standard deviation; BMI, body mass index

https://doi.org/10.1371/journal.pone.0233346.t001
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acceptable, and 44% did not experience any symptoms during the preparation process. Self-

reported compliance with the diet was also high, with 78% of patients indicating full adher-

ence. The most commonly consumed LRD foods included the following: breakfast eggs (55%),

lunch meat (35%), chicken breast for dinner (32%), white bread for lunch (27%), baked potato

for dinner (15%), and white rice for dinner (14%). Of the patients who were not compliant

with the diet, the most commonly eaten food items were fruits (5%), beef (5%), and creamy

chunky soups (3%). The most common symptoms experienced with bowel preparation were

bad taste (20%), abdominal cramping (17%), and bloating (17%).

Discussion

In this single-center study of veterans undergoing bowel preparation with a LRD, we found

94% adequate bowel preparation as well as high levels of patient-reported satisfaction and

compliance. Since veterans have a higher prevalence of obesity and smoking than the general

population [6, 7], and these comorbidities have been previously associated with poor bowel

preparation, our results suggest LRD can be successfully implemented even in older patients

with multiple comorbidities.

We found that higher BMI was the only independent predictor of poor bowel preparation

with LRD. Existing literature examining the relationship between BMI and bowel preparation

quality have shown conflicting results. Our findings are consistent with other retrospective

studies that suggest overweight or obese individuals are more likely to have suboptimal bowel

preparation. Borg et al found that individuals with BMI�25 kg/m2 were more likely to have

inadequate bowel preparation [12], and Fayad et al came to a similar conclusion for persons

Table 2. Risk factors for inadequate bowel preparation on multiple logistic regression.

Variable OR (95% CI) P-value

BMI, per unit increase 1.06 (1.01,1.12) 0.03

Diabetes 1.70 (0.83,3.48) 0.14

Prior inadequate bowel prep 1.60 (0.67,3.81) 0.29

Two day bowel prep 2.01 (0.95,4.25) 0.07

Opioid use 2.31 (0.76,6.98) 0.14

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index

https://doi.org/10.1371/journal.pone.0233346.t002

Table 3. Results of patient questionnaire on LRD bowel preparation (n = 244).

Question n (%)

Satisfaction with LRD bowel preparation

Willing to repeat bowel preparation 204 (84.1%)

Found bowel prep easy or acceptable 191 (85.2%)

Had no symptoms with bowel prep 108 (44.2%)

Satisfaction with instructional pamphlet

Easy to understand 199 (89.2%)

Informative 202 (90.0%)

Well organized 200 (86.9%)

Helpful 205 (91.2%)

Visually appealing 166 (66.5%)

Self-reported compliance with LRD

Only ate LRD 190 (78.1%)

https://doi.org/10.1371/journal.pone.0233346.t003
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with BMI�30 kg/m2 using split-dose bowel preparation [13]. Both studies used the Aronchick

scale, which is a qualitative scoring system that may be subject to greater interobserver vari-

ability than the quantitative BBPS score. On the other hand, a recent large prospective study of

1314 patients that used a split-dose regimen and the modified Aronchick scale did not identify

a correlation between higher BMI and bowel preparation [14]. A smaller prospective study of

99 patients that used a low-volume sodium picosulfate preparation and the BBPS score found

similar results [15]. Our study is the first to identify obesity as a predictor for poor bowel prep-

aration using a LRD. The discrepancy in published results may be attributable to differences in

the bowel preparation regimens as well as instructions provided to study participants. Given

that obesity is an established risk factor for colorectal cancer and colonoscopy with adequate

bowel preparation protects against colorectal cancer, additional research to define this rela-

tionship is needed.

A number of other factors—including age, smoking, diabetes, and opioid use—have been

previously identified as predictors of inadequate bowel preparation using a clear liquid diet

[12–14, 16]. That these factors were not identified as significant predictors is likely due to sev-

eral limitations of our study. First, most patients in our study were above the age of 60, which

restricted the spectrum of age for the analysis and could have affected the results. Second,

because we used administrative codes to extract clinical information, missing or incorrectly

coded data may have influenced the findings. Third, the number of patients with poor bowel

preparation was smaller than anticipated. Therefore, we were slightly underpowered to evalu-

ate all the variables of interest in the regression model. However, the small proportion of inad-

equate bowel preparation observed supports the clinical utility of the LRD. A fourth limitation

is that the patient satisfaction portion of the questionnaire relate to a bowel preparation pro-

cess that includes the LRD rather than the LRD in of itself. We chose to ask a single question

about bowel preparation in order to minimize questionnaire length and maximize clinically

relevant responses, since the diet is an integral component of the bowel preparation process.

The effectiveness of colonoscopy is dependent on high-quality bowel preparation, which in

turn depends on patient comprehension and adherence to the preparation process. Most

patients in our study were satisfied with our educational pamphlet and LRD overall, although

the visual appeal of the pamphlet scored poorly and improving the design may boost future

adherence. Many educational interventions have been trialed to improve preparation quality,

including pamphlets, videos, and telephone calls. A systematic review found that the vast

majority of these interventions led to statistically significant improvements in bowel prepara-

tion, but since most were conducted at single centers generalizability to other settings may be

limited [17]. Although our study was also conducted at a single center, it is part of the largest

integrated healthcare system in the US and therefore may be more applicable to the nine mil-

lion veterans enrolled in the VA each year. Nevertheless, more research is needed to determine

the most effective patient education approach, and the optimal method will likely vary based

on local patient demographics and availability of resources.

Conclusion

Our study provides further evidence that a bowel preparation using LRD is effective and well-

accepted, even in a population of older veterans with multiple comorbidities. The relationship

between higher BMI and poor bowel preparation, if confirmed, may warrant targeted inter-

ventions for the increasing number of overweight and obese individuals. Patients reported

high satisfaction and compliance with the LRD, which was introduced as part of an educa-

tional pamphlet. Future work is needed to improve the visual appeal of the educational pam-

phlet and further emphasize the importance of adhering to the LRD.

PLOS ONE Low-residue diet, bowel preparation, and patient compliance for colonoscopy in veterans

PLOS ONE | https://doi.org/10.1371/journal.pone.0233346 May 21, 2020 6 / 8

https://doi.org/10.1371/journal.pone.0233346


Author Contributions

Conceptualization: Chethan Ramprasad, Sandy Ng, Peter S. Liang.

Data curation: Chethan Ramprasad, Sandy Ng, Yian Zhang, Peter S. Liang.

Formal analysis: Chethan Ramprasad, Sandy Ng, Yian Zhang, Peter S. Liang.

Funding acquisition: Peter S. Liang.

Investigation: Chethan Ramprasad, Sandy Ng, Peter S. Liang.

Methodology: Chethan Ramprasad, Sandy Ng, Peter S. Liang.

Project administration: Chethan Ramprasad, Sandy Ng, Peter S. Liang.

Resources: Chethan Ramprasad, Sandy Ng, Peter S. Liang.

Software: Chethan Ramprasad, Sandy Ng, Yian Zhang, Peter S. Liang.

Supervision: Peter S. Liang.

Validation: Chethan Ramprasad, Sandy Ng, Peter S. Liang.

Visualization: Chethan Ramprasad, Sandy Ng, Peter S. Liang.

Writing – original draft: Chethan Ramprasad, Sandy Ng, Yian Zhang, Peter S. Liang.

Writing – review & editing: Chethan Ramprasad, Sandy Ng, Yian Zhang, Peter S. Liang.

References
1. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RG, Barzi A et al. Colorectal cancer statistics,

2017. CA: a cancer journal for clinicians. 2017; 67(3):177–93.

2. Sipe BW, Fischer M, Baluyut AR, Bishop RH, Born LJ, Daugherty DF et al. A low-residue diet improved

patient satisfaction with split-dose oral sulfate solution without impairing colonic preparation. Gastroin-

testinal endoscopy. 2013; 77(6):932–6. https://doi.org/10.1016/j.gie.2013.01.046 PMID: 23531424

3. Nguyen DL, Jamal MM, Nguyen ET, Puli SR, Bechtold ML. Low-residue versus clear liquid diet before

colonoscopy: a meta-analysis of randomized, controlled trials. Gastrointestinal endoscopy. 2016; 83

(3):499–507. e1.

4. Stolpman DR, Solem CA, Eastlick D, Adlis S, Shaw MJ. A randomized controlled trial comparing a low-

residue diet versus clear liquids for colonoscopy preparation: impact on tolerance, procedure time, and

adenoma detection rate. Journal of clinical gastroenterology. 2014; 48(10):851–5. https://doi.org/10.

1097/MCG.0000000000000167 PMID: 25296243

5. Wu K-L, Rayner CK, Chuah S-K, Chiu K-W, Lu C-C, Chiu Y-C. Impact of low-residue diet on bowel

preparation for colonoscopy. Diseases of the colon & rectum. 2011; 54(1):107–12.

6. Hoerster KD, Lehavot K, Simpson T, McFall M, Reiber G, Nelson KM. Health and health behavior differ-

ences: US Military, veteran, and civilian men. American journal of preventive medicine. 2012; 43

(5):483–9. https://doi.org/10.1016/j.amepre.2012.07.029 PMID: 23079170

7. Lehavot K, Hoerster KD, Nelson KM, Jakupcak M, Simpson TL. Health indicators for military, veteran,

and civilian women. American journal of preventive medicine. 2012; 42(5):473–80. https://doi.org/10.

1016/j.amepre.2012.01.006 PMID: 22516487

8. Samarasena JB, Allen RY, Thieu D, Paiji C, Bucayu RF, Steichen J et al. Su1598 Single Day Low Resi-

due Diet Prior to Colonoscopy Shows Improved Tolerance and Equivalent Bowel Preparation Quality

Over Clear Liquid Diet: A US Multicenter Randomized Controlled Trial. Gastrointestinal Endoscopy.

2017; 85(5):AB358.

9. Gausman V, Quarta G, Lee MH, Chtourmine N, Ganotisi C, Nanton-Gonzalez F et al. A Theory-based

Educational Pamphlet With Low-residue Diet Improves Colonoscopy Attendance and Bowel Prepara-

tion Quality. Journal of clinical gastroenterology. 2018.

10. Calderwood AH, Schroy PC III, Lieberman DA, Logan JR, Zurfluh M, Jacobson BC. Boston Bowel Prep-

aration Scale scores provide a standardized definition of adequate for describing bowel cleanliness.

Gastrointestinal endoscopy. 2014; 80(2):269–76. https://doi.org/10.1016/j.gie.2014.01.031 PMID:

24629422

PLOS ONE Low-residue diet, bowel preparation, and patient compliance for colonoscopy in veterans

PLOS ONE | https://doi.org/10.1371/journal.pone.0233346 May 21, 2020 7 / 8

https://doi.org/10.1016/j.gie.2013.01.046
http://www.ncbi.nlm.nih.gov/pubmed/23531424
https://doi.org/10.1097/MCG.0000000000000167
https://doi.org/10.1097/MCG.0000000000000167
http://www.ncbi.nlm.nih.gov/pubmed/25296243
https://doi.org/10.1016/j.amepre.2012.07.029
http://www.ncbi.nlm.nih.gov/pubmed/23079170
https://doi.org/10.1016/j.amepre.2012.01.006
https://doi.org/10.1016/j.amepre.2012.01.006
http://www.ncbi.nlm.nih.gov/pubmed/22516487
https://doi.org/10.1016/j.gie.2014.01.031
http://www.ncbi.nlm.nih.gov/pubmed/24629422
https://doi.org/10.1371/journal.pone.0233346


11. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of events

per variable in logistic regression analysis. Journal of clinical epidemiology. 1996; 49(12):1373–9.

https://doi.org/10.1016/s0895-4356(96)00236-3 PMID: 8970487

12. Borg BB, Gupta NK, Zuckerman GR, Banerjee B, Gyawali CP. Impact of obesity on bowel preparation

for colonoscopy. Clinical Gastroenterology and Hepatology. 2009; 7(6):670–5. https://doi.org/10.1016/j.

cgh.2009.02.014 PMID: 19245852

13. Fayad NF, Kahi CJ, El–Jawad KHA, Shin AS, Shah S, Lane KA et al. Association between body mass

index and quality of split bowel preparation. Clinical Gastroenterology and Hepatology. 2013; 11

(11):1478–85. https://doi.org/10.1016/j.cgh.2013.05.037 PMID: 23811246

14. Anklesaria AB, Ivanina EA, Chudy-Onwugaje KO, Tin K, Levine CM, Homel P et al. The Effect of Obe-

sity on the Quality of Bowel Preparation for Colonoscopy: Results From a Large Observational Study.

Journal of clinical gastroenterology. 2018.

15. Fok KC, Turner IB, Teoh W, Levy RL. Obesity does not affect sodium picosulphate bowel preparation.

Internal medicine journal. 2012; 42(12):1324–9. https://doi.org/10.1111/j.1445-5994.2012.02865.x

PMID: 22757662

16. Martel M, Ménard C, Restellini S, Kherad O, Almadi M, Bouchard M et al. Which Patient-Related Fac-

tors Determine Optimal Bowel Preparation? Current treatment options in gastroenterology. 2018; 16

(4):406–16. https://doi.org/10.1007/s11938-018-0208-9 PMID: 30390208

17. Kurlander JE, Sondhi AR, Waljee AK, Menees SB, Connell CM, Schoenfeld PS et al. How efficacious

are patient education interventions to improve bowel preparation for colonoscopy? A systematic review.

PloS one. 2016; 11(10):e0164442. https://doi.org/10.1371/journal.pone.0164442 PMID: 27741260

PLOS ONE Low-residue diet, bowel preparation, and patient compliance for colonoscopy in veterans

PLOS ONE | https://doi.org/10.1371/journal.pone.0233346 May 21, 2020 8 / 8

https://doi.org/10.1016/s0895-4356(96)00236-3
http://www.ncbi.nlm.nih.gov/pubmed/8970487
https://doi.org/10.1016/j.cgh.2009.02.014
https://doi.org/10.1016/j.cgh.2009.02.014
http://www.ncbi.nlm.nih.gov/pubmed/19245852
https://doi.org/10.1016/j.cgh.2013.05.037
http://www.ncbi.nlm.nih.gov/pubmed/23811246
https://doi.org/10.1111/j.1445-5994.2012.02865.x
http://www.ncbi.nlm.nih.gov/pubmed/22757662
https://doi.org/10.1007/s11938-018-0208-9
http://www.ncbi.nlm.nih.gov/pubmed/30390208
https://doi.org/10.1371/journal.pone.0164442
http://www.ncbi.nlm.nih.gov/pubmed/27741260
https://doi.org/10.1371/journal.pone.0233346

