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Abstract
Backgroud :A low-residue diet (LRD) can potentially reduce the hunger of patients while improving
compliance and tolerance,without compromising the quality of bowel preparation.This study investigated
the effects of 1-day low-residue diets compared with 3-day for colonoscopic bowel preparation .

Methods: Patients undergoing bowel preparation before colonoscopy were randomly divided into 1-
day and 3-day LRD groups.Oral polyethylene glycol (PEG) electrolyte solution and simethicone were
applied to all patients submitted to bowel preparation. The primary outcome measure included the quality
of the bowel preparation rated by the Boston bowel preparation scale(BBPS), and the secondary
measures included (i) cecal intubation time and withdrawal time, (ii) polyp detection rate, (iii) patient
tolerance and (iv) the willingness of the patient to repeat the diet protocol thereafter.

Results: No signi�cant difference was detected in regards the quality of the bowel preparation when
comparing the two groups, since the mean of BBPS score was 6.54 versus 6.55 in the 1- and 3-day LRD
groups. The cecal intubation times,withdrawal times, polyp detection rates,and the patient tolerance
(i.e.hunger-comfort score[1]) showed no signi�cant difference between the 1- and 3-day LRD groups.
However,overall satisfaction was higher with the 1-day LRD group than with the 3-day LRD group.

Conclusion: The 1-day and 3-day low-residue diets showed no major effect on bowel preparation
previously to colonoscopy, while the tolerance and satisfaction of patients were higher after 1-day low-
residue diet. Trial registration: Clinical Trial Registry Identi�er:ChiCTR1900025843.Date of
registration:September 10,2019 “Retrospectively registered”. Key words: colonoscopy; bowel preparation;
low-residue diet; duration; bowel-cleansing quality

Introduction
Over the year, the incidence of colorectal cancer has continuously increased, ranking third to �fth most
frequent type of cancer among all malignant tumors worldwide [2]. As a long-standing outpatient
procedure, colonoscopy is considered the “gold standard” for screening and prevention of colorectal
cancer [3]. However, studies have shown that 4-5% of colon cancers cannot be properly detected by a
single colonoscopy [4]. One of the major reasons for undetectable colon cancer is the inadequate bowel
preparation [5]. Poor bowel preparation can reduce the detection rate of high-risk adenoma and the
completion rate of enteroscopy [6]. Therefore, a good quality of bowel preparation before medical
examination is essential.

Patient compliance is required for an adequate bowel preparation. For this, a series of procedures aiming
to improve patient compliance have been developed, such as improved colonoscopy prep diets, use of
reduced-volume laxatives, and phased administration of polyethylene glycol (PEG) electrolytes.
Nevertheless, bowel preparation before colonoscopy is still uncomfortable and burdensome for a large
number of patients, and it is still considered a major obstacle for colon tumor screening in high-risk
populations [7].
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Dietary improvements for colonoscopy purposes have been consistently pursued [8]. One common
practice to improve the quality of bowel preparation has been the use of clear liquid diets one day before
colonoscopy. Still, this dietary approach has been reported to increase hunger of treated patients and to
reduce patient compliance[9]. Alternatively, other studies have shown that low-residue diet (LRD) can
reduce hunger in patients and improve compliance and tolerance without affecting the quality of bowel
preparation [8-10]. However, the number of reports describing the potential impact of LRD duration on pre-
procedure bowel preparation is still limited.

In this study, we compared the effects of LRD (one and three-day treatments) to PEG electrolyte solution
and simethicone in regards the quality of bowel preparation. For this, we initially evaluated the quality of
bowel preparation, and the assessed secondary outcome measures which included patient tolerance,
satisfaction, polyp detection rate and endoscopic intubation and withdrawal time.

Material And Methods
1.Study design

This study was a randomized, controlled, single-blind, prospective trial comparing two dietary regimens
prior to colonoscopy: a 1-day low-residue diet(LRD) vs. a 3-day LRD the day before colonoscopy. The
study protocol was approved by the Ethics Committee of the third Hospital of Hebei Medical University,
and was registered at Chinese Clinical Trial Registry(ChiCTR1900025843).

2.Subjects:

A cohort of patients who underwent colonoscopy from April to August 2019 at the Third Hospital of Hebei
Medical University,in Shijiazhuang city,Hebei province was selected for our work. All recruited patients
signed an appropriate informed consent to be allowed to participate in this study. Both experimental
protocol and informed consent were submitted to the Ethics Committee Formal enrollment and study
were conducted solely upon approval.The following inclusion criteria were utilized: (i) patients’ age
should be between 18 and 80 years old, (ii) patients should be ready for colonoscopy, and (iii) patients
should be undergoing colorectal cancer screening or having non-speci�c gastrointestinal symptoms.The
following exclusion criteria were utilized: (i) patients who were unable to cooperate with the examination;
(ii) patients who underwent gastrointestinal surgery; (iii) patients with severe diseases in heart, brain,
kidney, liver and other organs; (iv) patients who could not tolerate the colonoscopy procedure; (v) patients
with contraindications to colonoscopy, including bowel obstruction or perforation, severe intestinal
infection or toxic megacolon, consciousness disorder and unstable vital signs; (vi) patients whose
colonoscopy failed to reach ileocecum due to reasons other than bowel preparation (such as intestinal
stricture caused by tumor); (vii) pregnant and lactating patients; (viii) patients who suffered a stroke or
dementia; (ix) patients with anxiety or depressive psychosis; and (x) PEG allergic patients.A total of 240
patients were recruited. Upon signing an informed consent, eligible patients were randomly divided into
two groups, according to the period of supplementation with a low-residue diet (one or three-day
treatment).Each subject obtained a sealed opaque envelope whose contents were determined by a
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random number table prepared by an independent researcher. Patients were allowed to eat rice porridge,
noodles, steamed bread, bread, tofu, egg soup, chicken, some peeled, seeded fruits and cooked
vegetablesbut devoid of untreated vegetables, fruits and coarse grains.

3. Bowel preparation schedules:

Patients were instructed to adopt a low residue diet one day or three days before colonoscopy, according
to their respective grouping, and then fasted for about 11 hours (10pm to 9am on the day of the
procedure).Patients were not allowed to discuss grouping in front of the enteroscopy operators. Eventual
issues were directly treated with nursing personnel. Control patients were administered with three liters of
PEG electrolyte solution betwenn 9-11am on the day of colonoscopy, followed by oral administration of
30 ml simethicone. Colonoscopy was performed between 3-5pm on the same day.Endoscopic diagnosis
and treatment were conducted using an Olympus CF H-290 colonoscope. Endoscopists were unaware of
the patient grouping.Colonoscopy experience in at least 1,000 cases was used as a threshold to select the
professionals involved in this procedure.

4. Outcome indicators:

The following measures were taken in consideration for our dietary evaluation:

(I) Patient pro�ling (age, gender, weight, education level, constipation history, colonoscopy history, and
abdominal symptoms);

(II) Colonoscopy pro�ling (percentage of arrival at the cecum, intubation time, withdrawal time, and the
detection rate of colon polyps).

(III) Bowel-cleansing quality score: assessed according to Boston bowel preparation scale (BBPS) [11].
For this, the BBPS divides the colon into three regions: the right side (cecum and ascending colon), the
transverse section (including the hepatic �exure and splenic �exure), and the left side (descending colon,
sigmoid colon, and rectum). A 4-point classi�cation scale was utilized as previously reported [12]. The
three colon regions were scored accordingly, and the quality of bowel preparation was assessed by its
total score (i.e. 4-point scale multiplied by 3). These total scores were mainly divided into 5 grades:
excellent (8-9), good (6-7), medium (4-5), poor (2-3) and extremely poor (0-1). Grades over 4 (medium)
were considered as quali�ed for further analyses [12].

(IV) Patient tolerance and satisfaction: patients were submitted to a questionnaire, before the
examination, on the day of colonoscopy. According to the digital analogue scale method, the research
group designed a hunger-comfort scale [1], which evaluated the hunger-comfort condition of the patients,
where “1” indicated comfort and “10” indicated hunger. The diet acceptance of the patients before
colonoscopy was graded in 5 distinct levels: very simple acceptance, simple acceptance, tolerable,
unacceptable, and di�cult to accept [1]. The willingness to repeat the diet protocol for bowel preparation
was evaluated accordingly [13]. Eventual occurrence of adverse reactions, such as nausea, vomiting,
abdominal distension and discomfort, was carefully annotated.
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5. Sample size calculation

The primary focus of this study was to evaluate the quality of bowel preparation by BBPS scoring
(ranging from 0 to 9). Our previous studies in healthy and with abdominal symptoms polulation have
showed that related values are well spread across the 10-point with a mean of 6.5 points, and standard
deviation of 1.6 points. We considered a 1-point average difference between groups minimally clinically
important. With an s.d. of 1.6 and 42 subjects per arm, the independent t-test would provide 80% power to
detect a between group difference of 1 point at a two-sided a of 0.05. Assuming a dropout rate of 20%
,we thus aimed at enrolling 51 subjects in each arm to achieve an effective sample size of at least 42 per
group.

�. Statistical analysis:

SPSS 19.0 software (SPSS Inc., Chicago, Illinois, USA) was used for our statistical data analysis. Data
measurement was represented by mean plus/minus standard deviation. Homogeneity of variance was
analyzed and, if the variance was equal, a t-test was applied for pairwise comparison between
independent samples. If variance was unequal, Kruskal Wallis test was used, and the difference was
statistically signi�cant when P<0.05. χ test was used for data counting, and statistical signi�cance was
set at P<0.05.

Results
1. Clinical data

A total of 240 outpatients and inpatients were initially enrolled in this study. Among them, 9 patients in
the 1-day LRD group and 10 patients in the 3-day LRD group were removed from this study due to (i)
failure of attending colonoscopy, (ii) non-adherence to dietary plans, and/or (iii) decline of participation.
Therefore, a total of 221 patients (1-day LRD group, n=111; 3-day LRD group, n=110) were included in this
study(Fig. 1). As shown in Table 1, no signi�cant difference was observed when comparing the baseline
clinical data between the two groups (P>0.05).

2. Quality of bowel preparation

The quality of colon preparation (whole organ and individual parts) was evaluated using the BBPS score.
As shown in Table 2, in the 1-day LRD group, the scores of the left side, the transverse, and the right side
of the colon were 2.34 ±0.56, 1.99 ±0.58, and 2.21 ±0.59, respectively, and the total score was 6.54 ±1.45.
In the 3-day LRD group, the scores of the left side, the transverse, and the right side of the colon were 2.21
±0.66, 2.13 ±0.74, and 2.21 ±0.66, respectively, and the total score was 6.55 ±1.86. Therefore, no
signi�cant difference was detected between these two groups (P>0.05). The number of cases with
quali�ed bowel preparation (total BBPS score ≧ 4) in the 1-day group (107 cases, 96.4%) was higher than
that in 3-day group (100 cases, 91%).
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3. Colonoscopy

As shown in Table 3, the average intubation time was 10.07 ± 2.46 min in the 1-day LRD group, and 10.36
±2.41 min in the 3-day LRD group. The average withdrawal time was 9.77 ±2.45min in the 1-day LRD
group, and 10.16 ±1.76 min in the 3-day LRD group. The polyp detection rate was 19% in the 1-day LRD
group and 17.3% in the 3-day LRD group. No signi�cant different between the two groups was observed
for any of these indicators. In both groups, colonoscope was successfully inserted and colonoscopy was
completed accordingly.

       4. Comparison of patient tolerance and adverse reactions

The hunger-comfort scale was 2.71±1.91 in the 1-day LRD group, and 2.88 ±2.01 in the 3-day LRD group,
indicating no signi�cant difference between these groups (P>0.05). The proportion of very easy
compliance and easy compliance among the patients supplemented with the 1- and 3-day LRD was
72.07% and 39.09%, respectivelysigni�cantly different (P<0.05), indicating that the 1-day LRD was the
preferred condition for the patients. Nevertheless,

 

 

Discussion
An adequate bowel preparation is largely dependent on effective colon cleansing, supplements and
dietary restrictions [14]. A number of studies have currently focused on the effectiveness, safety, dosage
and onset of action of laxatives [15-17].However, there are few studies on the effectiveness and patient
tolerance of pre-colonoscopic diet for bowel preparation. Particularly, a few reports have compared the
effects of clear liquid diet CLD and low-residue diet (LRD) in the pre-colonoscopy bowel preparation. LRD
on the day before colonoscopy seems to be as effective as CLD for quality of bowel preparation, but it
enables a higher patient tolerabilityand satisfaction [18,19]. Accordingly, the European Society of
Gastrointestinal Endoscopy (ESGE) and the American Society for Gastrointestinal Endoscopy (ASGE)
have well recommended LRD before colonoscopy [17] [20]. Nevertheless, the differential effects (if any)
due to proper timing of LRD administration, before colonoscopy, required further investigations. Some
scholars recommend an LRD for 3 days prior to colonoscopy bcause of the slow transit time in some
patients, while some scholars recommended an LRD for 1 day. ESGE guidelines recommend, based on
experience, 1-day LRD for bowel preparation, but without any strong data from evidence-based studies.
Therefore, here we performed a randomized, controlled and single-blind trial study which con�rmed that
the quality of bowel preparation quality after 1-day and 3-day LRD before colonoscopy was basically
equivalent. Moreover, our current study has con�rmed that the polyp detection rate is similar in patients
submitted to 1- or 3-day LRD. These results are consistent with a very recent report which shows no
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signi�cant difference in the quality of bowel preparation in similar LRD treated groups (n=390) [21]. In
this study, the proportion with quali�ed bowel preparation (total BBPS score ≥ 4) was more than 91% in
both groups, indicating that LRD was su�cient to ensure adequate bowel preparation.

By comparing both LRD groups in regards the tolerance, satisfaction and willingness to repeat the pre-
procedure diet, it was observed that the subjects preferred the 1-day LRD due to the shorter time of diet
and easier compliance. However, the comfort-hunger scale showed no signi�cant difference in comfort
between these two groups. Similarly, by comparing the acceptance of the diet protocol between the 1- and
3-day LRD groups, it was found that the proportion of subjects with very easy and easy compliance in the
1-day LRD group was signi�cantly higher than that in the 3-day group. Moreover, the patients from the 1-
day LRD group were more willing to repeat the diet for bowel preparation than those in the 3-day LRD
group. These results are consistent with the current literature [21].

The percentage of arrival at the cecum, intubation time and withdrawal time between the two groups were
further compared, and no signi�cant difference was observed. Of note, it was found that the mean
insertion and withdrawal time in this study were 2 mins, which were longer than the usual. In fact, LRD
could ensure adequate bowel preparation and clarity of the mucous membrane which, in this case, could
increase the polyp detection rate and, consequently, lead to extra time consumption to perform
endoscopic removal of colorectal polyps. Another possibility is that the colonoscopy operators may have
paid more attention to the identi�cation of mucous lesions, increasing the operation time of colonoscopy.

In our study, there was no obvious restriction on the types of LRD used, so the this diet had a larger
variety of options and was more practical. The avoidance of pre-packaged foods [22] and speci�ed low
residue foods increased the compliance and acceptance by the patients. However, the calories and
amount of food consumed were disregarded, and more detailed analysis is warranted. In addition, the
interval between the last laxative administration and the beginning of colonoscopy was within 6 hours,
which ensured the high quality of bowel preparation in this study. This procedure was consistent with
other studies previously conducted [23]. Previous research has put forward the concept of “time interval”
in colonic cleansing, that is, the colonoscopy should be performed within 4 to 6 hours after bowel
preparation where, after this time interval, the contents of small intestine would continue to enter the
colon, thus affecting the colonic-cleansing quality [24].

So far, no consensus regarding PEG dosage has been established. Various studies have indicated that
the effect of split-dose and one-time administration of PEG may be equivalent but, apparently, the split-
dose regime can increase the tolerance and comfort of patients [25, 26]. In contrast, split-dose
administration of PEG may also cause nocturnal diarrhea and affect the quality of sleep. In the present
study, colonoscopy was performed in all the patients during afternoon, and three liters of PEG was
administrated at 10am on the same day, which effectively avoided this issue.

Despite the consistency and clinical value of our study, further clari�cations are still warranted. For
instance, the impact of other diseases that may negativelyaffect bowel preparation quality, such as
diabetes and chronic constipation, were not considered, [27]. In addition, detailed medication history was
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not included in our questionnaire, and the administration of drugs that cause constipation, such as
opioids and tricyclic antidepressants, could lead to biased results [28].However, since this study is a
random trial, we believe that these limitations do not affect the results of bowel preparation. In contrast,
since this study is also a single-center trialand the sample size was relatively small, our results deserve
further validation with a larger scale multicenter trial.

Conclusions
In conclusion, our work con�rmed that the quality of bowel preparation after 1-day and the 3-day LRD diet
is equivalent. Still, a 1-day LRD appears to increase the comfort of bowel preparation and it is more
acceptable to the subjects. These �ndings reduce the probability of poor bowel preparation, caused by
diet before colonoscopy, and the probability of repeated colonoscopy, which certainly impacts on the
costs of early diagnostics and the screening of colorectal cancers.
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Tables
Table 1. Comparison of clinical data between patient groups

Feature 1-day LRD group (n=111) 3-day LRD group (n=110) P-value
Age 47.80±15.46 46.64±15.09 0.571

Weight 61.01±10.75 61.90±9.9 0.527
Gender (male) 39 (35.14) 40 (36.36) 0.849

Education level (high school and above) 68 (61.26) 61 (55.45) 0.162
Constipation history 20 (18.02) 24 (21.82) 0.479

Digestive tract symptoms 81 (72.97) 91 (82.73) 0.081
Colonoscopy history 14 (12.61) 11 (10) 0.540

These results indicate no significant difference in age, weight, gender, education level, constipation, abdominal
symptoms and colonoscopy history between the two analyzed groups. Digestive tract symptoms included
abdominal pain and/or distension, altered defecation habits, and bloody stool.

 

Table 2 Boston bowel preparation scale

Scaled region 1-day LRD group (n=111) 3-day LRD group (n=110) P-value
Left side of colon 2.34±0.56 2.21±0.66 0.109
Right side of colon 2.21±0.59 2.21±0.66 0.982
Transverse colon 1.99±0.58 2.13±0.74 0.130

Total 6.54±1.45 6.55±1.86 0.983

Results indicate no significant difference in the BBPS scale when comparing the two respective groups.

 

Table 3 Inter-group comparison of colonoscopy indicators

Colonoscopy indicator 1-day LRD group (N=111) 3-day LRD group (N=110) P-value
Intubation time (min) 10.07 ± 2.46 10.36±2.41 0.375
Withdrawal time (min) 9.77±2.45 10.16±1.76 0.177

Polyp detection rate (%) 21 (19) 19 (17.3) 0.751
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Results indicate no significant difference in intubation time, withdrawal time and polyp detection rate between
the two respective groups.

 

Table 4 Inter-group comparison of patient tolerance and adverse reactions

Tolerance and adverse reaction 1-day LRD group
(N=111)

3-day LRD group
(N=110)

P-
value

Hunger-comfort scale 2.71±1.91 2.88±2.01 0.520

Very easy compliance and easy compliance (%) 80 (72.07) 43 (39.09) <0.001
Willing to repeat the diet protocol for bowel

preparation (%)
106 (95.50) 96 (87.27) 0.029

Adverse reaction (%) 29 (26.12) 30(27.27) 0.847

Results show no significant difference in hunger-comfort scale between the two groups, while the percentage of
very easy compliance and easy compliance, and the willingness to repeat the diet protocol for bowel preparation
were significantly different. The incidence of adverse reactions was similar between the groups.

Figures
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Figure 1

Study process


