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Abstract: Colonoscopy is an important tool for diagnosing and treating bowel injuries and reducing colorectal cancer 

incidence. Adequate bowel preparation is necessary to ensure the effectiveness of the procedure for detecting injuries. In this 

trial the aim was to compare effectiveness of lactitol, mannitol, and polyethylene glycol (PEG) oral solutions for bowel 

cleansing prior to colonoscopy. This is a randomized, blinded clinical trial. The primary endpoint was to evaluate the adequacy 

of colon cleansing according to the Boston Bowel Preparation Scale (BBPS). A total of 294 patients were randomized into 

three groups. The overall adequacy of bowel cleansing was achieved in 98.8% in the mannitol, followed by 93.5% in the 

lactitol and 92.3% in the PEG group. When comparing lactitol and mannitol, the efficacy to bowel preparation was greater in 

the mannitol group, but without statistical significance (P=0.164). The adequacy to bowel preparation was slightly better in the 

mannitol group than PEG (98.8% vs. 92.2%, respectively), but with P-value of 0.073. In adjusted analysis, the results were 

similar. The frequency of hypernatremia after bowel preparation was 25.3% in the mannitol group, followed by 7.3% and 5.2% 

in the PEG and lactitol, respectively. Considering tolerance for bowel preparation solution there was no difference between the 

mannitol and lactitol groups (P=0.07); but lactitol was better tolerated when compared to PEG (P=0.001). In conclusion, 

mannitol, lactitol and PEG are effective as intestinal cleansing solutions before colonoscopy, but adverse events, taste and 

tolerability must be considered before choosing. 
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1. Introduction 

Colonoscopy is a minimally invasive procedure that is 

widely used for the diagnosis and treatment of colon disease. 

It is an important public health tool that reduces colon cancer 

rates worldwide [1–10]. However, unlike other tests, 

colonoscopy depends on effective bowel preparation [4, 11]. 

Inadequate bowel cleansing is responsible for almost 20% of 

colonoscopy failures, and it can also lead to suboptimal 

efficiency of the procedure, underdiagnosis, and reduced 

therapeutic potential [4, 12, 13]. Bowel preparation is inversely 

associated with lesion screening results, leading to error or delay 

in diagnosis, prolonged cecal intubation time and withdrawal 

time, decreased success rates for cecal intubation, and a need for 

further testing. Ideally, the colon cleansing agent should be 

effective, safe and agile, not cause damage to the intestinal 

mucosa, lead to low rates of electrolyte changes, and be largely 
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accepted by doctors and patients [4, 12, 13]. Osmotic laxatives 

are the most frequent choice for bowel cleansing. 

Mannitol is a polyalcohol obtained by hydrogenating 

fructose from sucrose. It is a commonly used osmotic 

laxative associated with successful colonic cleansing 

compared to other solutions, although it is related to adverse 

events in more than 10% of cases (nausea, vomiting, 

headache, dehydration, and hypovolemia) [14–16]. 

Polyethylene glycol (polyethylene glycol [PEG]) has a 

molecular weight greater than 3,000 kDa and functions as a 

non-absorbable osmotic agent, retaining water molecules 

through hydrogen bonds; it is considered a good option for 

bowel preparation [14, 15, 17]. Other solutions composed of 

sodium picosulfate and sodium phosphate have also been 

used for bowel preparation before colonoscopy, with diverse 

results related to efficacy and patient tolerability [18]. 

Lactitol (galactose and sorbitol) is a synthetic 

nonabsorbable disaccharide, commonly used as an osmotic 

laxative to treat constipation and hepatic encephalopathy; 

however, it is also identified as a sweetener due to its 

characteristics [19–21]. The use of lactitol for bowel 

cleansing may be a safe, effective, and possibly more 

palatable option for patients and may broaden the range of 

solutions currently available. However, there are no clinical 

trials regarding the applicability of lactitol for this purpose. 

The aim of this randomized clinical trial was to compare 

the efficacy of oral solutions of lactitol, polyethylene glycol, 

and mannitol for colon cleansing prior to colonoscopy. 

2. Patients and Methods 

This was a prospective, randomized, double-blind clinical 

trial (Clinical Study Record No. RBR-5psg4w). The study 

was approved by the Research Ethics Committee of Hospital 

Geral Roberto Santos (Salvador, Brazil), and was conducted 

in accordance with the Declaration of Helsinki. All enrolled 

subjects provided written informed consent. The subjects 

were enrolled between March 2018 and May 2019. 

The primary outcome was to compare the adequacy of oral 

solutions for colon cleansing before colonoscopy. Adequacy 

was assessed with the Boston Bowel Preparation Scale 

(BBPS). Secondary outcomes included other preparation 

quality criteria, such as polyp detection and ileal intubation 

rate; safety was evaluated according to the frequency of 

serious adverse events. 

2.1. Eligibility Criteria 

Patients older than 18-years-old referred for endoscopy service 

with an indication for colonoscopy were included. Exclusion 

criteria were: previously diagnosed heart attack; decompensated 

kidney, heart or liver disease; bowel occlusion; previous 

colectomy; allergy or contraindication to any component of the 

study medications; pregnancy or active breastfeeding; any severe 

medical condition that made participation inappropriate due to 

increased risk or lack of benefit of screening; significant 

laboratory abnormality; international normalized ratio > 2.5; 

platelets < 40.000 cells/mm
3
. 

2.2. Study Procedures 

Subjects underwent a screening visit to assess eligibility. 

Demographic information, medical and surgical records were 

obtained; laboratory tests dated up to 4 wk at screening visits 

were also evaluated. Patients who met the eligibility criteria 

were electronically randomized into three groups (Table 1). 

Patients, nursing and endoscopy staff were blind to the type of 

preparation administered. Only a non-blind researcher prepared 

solutions. Each group received a total of 700 mL cleansing 

solution in citrus flavor, composed of lactitol monohydrate (66.7 

g/100 mL), mannitol 20% (200 mg/mL), or polyethylene glycol 

macrogol (each sachet contained 13.125 g polyethylene glycol, 

sodium bicarbonate 0.1775 g, sodium 0.3507 g, potassium 

chloride 0.0466 g, excipients qsp.). On day 1, all patients were 

instructed to take a liquid diet from 12:00 pm and to take 

bisacodyl 10 mg per oral at 5:00 pm. On day 2, a bowel-

cleansing solution was taken, and all patients received 5% 1000 

mL intravenous glucose solution; colonoscopy was performed 

after at least 4h of fasting. Blood samples were collected (serum 

sodium, potassium, urea, creatinine) at the screening visit and 

just prior to colonoscopy (Table 1). 

An expert specialist team used high-definition equipment to 

perform the colonoscopies. Sedation was performed by 

anesthetists according to a local protocol. The quality of bowel 

cleansing was assessed by endoscopists with previous proficiency 

in BBPS application [6]. According to the BBPS, the right colon 

(cecum and ascending segments), transverse (hepatic and splenic 

flexion), and left colon (descending colon, sigmoid and rectal) 

were assessed separately. They assigned a score from 0 to 3 for 

each colon segment, with the lowest score 0 (inadequate cleansing) 

and the greatest 9 (very appropriate cleansing). At least 2 points in 

each colon segment (right, transverse, and left colon) were 

necessary to be considered adequate preparation. At least two 

images were captured from each colonic segment to document the 

quality of the cleansing. The ileum intubation and polyp detection 

rates were also computed, considering the number of ileum 

intubation and detected polyps (n > 1) divided by the number of 

colonoscopies performed. 

Table 1. Study procedures according to types of solution for bowel preparation before colonoscopy. 

Day 0† Screening visit 

Day 1† Liquid diet after midday plus Bisacodyl 10 mg at 5:00 pm 

Day 2‡ 

Group A: Lactitol oral solution 400 mL plus citrus juice 300 mL 

Group B: Mannitol 20% oral solution 500 mL plus citrus juice 200 mL 

Group C: 20 sachets of polyethylene glycol macrogol (PEG) in citrus flavor diluted in 700 mL water 

Notes: † Day 0 and day 1, the procedures were the same for all groups; ‡Glucose solution 5% intravenous was used for all patients and colonoscopy was 

performed after 4 h fasting; blood samples were collected to perform laboratory tests before and after oral solution intake. 
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It was computed as a failure if colonoscopy was not 

performed or discontinued due to technical reasons related to 

inadequate bowel cleansing. Blood pressure, heart rate, and 

oxygen saturation were systematically monitored during the 

procedure. 

2.3. Safety 

Adverse events were recorded and classified as serious or 

non-serious. Non-serious adverse events were classified as 

mild, moderate, or severe. Serious adverse events were any 

unfavorable medical occurrence that resulted in death, threat 

to or risk of life, hospitalization, persistent or significant 

disability, significant medical occurrence, and congenital 

anomaly. Adverse event causality was assessed according to 

validated scale [22]. Palatability was assessed using a 7-point 

scale and satisfaction with bowel preparation was assessed 

after oral solution intake and before the colonoscopy 

procedure, using a 3-point Likert scale [23]. Tolerance to 

bowel preparation was assessed before colonoscopy, using a 

visual analogue scale questionnaire with point range from 1 

to 5 [11, 24]. 

2.4. Statistical analysis 

Sample size calculation was performed and revealed that 

90 subjects would be required in each group to detect a two-

sided difference in treatment success, with error alpha=0.05, 

power=80%, and an equal size (1:1:1) for each group. 

Descriptive statistics included percentages and frequencies 

for categorical variables, means and standard deviations for 

continuous variables. The adequacy of intestinal cleaning 

measured by BBPS was the dependent variable. The 

solutions of lactilol, polyethylene glycol and mannitol 

(reference solution) were the main independent variables 

(intervention) and the variables sex, age (categorized in two 

intervals: <60 and >60), presence of comorbidity were the 

covariates of the model of Poisson regression used in the 

statistical analysis, in order to directly obtain the crude model 

adjusted association measures, given the possibility of 

confounding potentials in the association between 

intervention and outcome. The crude model was performed 

containing only the intervention variable and the adjusted 

model with all independent variables considering the 

significance level less than 0.05 of each variable in the 

adjusted model as a criterion for its permanence in the final 

model. In addition, quantification of confounding bias was 

adopted as one more criterion, assuming arbitrarily a 

minimum difference of 10% between the relative risks of the 

crude to the adjusted model. The goodness of fit of the 

models was assessed using the Akaike Information Criterion 

and residue analysis [25]. For the assessment of the 

assumption of no overdispersion, the reason for the deviance 

residues was observed by their degrees of freedom [26]. 

Even if there was no violation of this assumption, it was 

decided to robustly estimate the standard errors of all models 

[27]. The association statistics obtained from the Poisson 

regression were: relative risk (RR), the absolute increase in 

cleaning risk (AAR) or the (absolute cleaning risk reduction - 

ARR), the relative risk increase (ARR - direct measure of 

effectiveness) or (relative cleaning risk reduction - RRR) 

cleaning and number needed to treat (NNT) [28]. Then, 

adverse reactions were considered as the presence of nausea, 

vomiting, hypernatremia and dizziness in order to calculate 

the probability that, on average, patients would benefit and 

harm simultaneously (LLH), by combining the incidences of 

adverse effects with the benefit of colon cleansing (NNT) of 

solutions compared to mannitol [27, 29]. All analyses were 

performed using the R Project software [30]. 

3. Results 

A total of 294 patients were randomized (98 each group); 

but one patient was excluded in the polyethylene glycol 

group after randomization due to exclusion criteria detected 

(previous left colectomy); and 10 patients did not show up on 

the scheduled day for colonoscopy (5 in the PEG group and 5 

in the mannitol group), corresponding to 3.8% of the sample. 

A total of 283 patients drank the oral solution for colon 

cleansing and were allocated into three groups: lactitol (n=98, 

34.6%) patients in the lactitol group, (n=93, 32.9%) mannitol 

and (n=92, 32.3%) polyethylene glycol. 

The mean age was 55.7 (12.0) years and 204 subjects were 

older than 50 years. The main reason for colonoscopy was 

colorectal cancer surveillance, followed by hematochezia 

(Table 2). The more frequent findings of colonoscopy were 

polyps (n=101, 34.4%), diverticular colon disease (n=63, 

21.4%), and inflammatory bowel disease (n=33, 11.2%). 

Baseline patient characteristics are reported in Table 2 and no 

significant differences were observed among groups. 

Table 2. Baseline characteristics of patients and colonoscopy according to the colon preparation solution group. 

 Lactitol, n=98 Mannitol, n=98 PEG, n=98 

Female, n (%) 68 (35.6) 62 (32.5) 61 (31.9) 

Age, mean (SD) 55.6 (11.3) 55.5 (13.8) 55.9 (10.9) 

BMI in kg/m2 (SD) 26.3 (3.8) 26.4 (4.6) 26.4 (4.7) 

Diabetes type 2 14 (46.7) 7 (23.3) 9 (30) 

Hypertension 38 (37.6) 30 (29.7) 33 (32.7) 

IBD 7 (29.2) 10 (41.7) 7 (29.2) 

Hemoglobin (SD) 13.3 (1) 13 (1.4) 12.9 (1.6) 

Urea† (SD) 30.5 (7.8) 28.2 (8.6) 26.9 (7.8) 

Creatinine† (SD) 0.8 (0.2) 0.8 (0.2) 1.38 (4.1) 
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 Lactitol, n=98 Mannitol, n=98 PEG, n=98 

Sodium† (SD) 140 (2.4) 139.8 (2.6) 131.9 (31.9) 

Potassium† (SD) 4.36 (0.5) 4.29 (0.3) 4.36 (0.5) 

Reason for colonoscopy, n (%)    

Abdominal pain 13 (48.1) 6 (22.2) 8 (29.6) 

Anemia 1 (40) 4 (40) 2 (20) 

CCR surveillance 40 (40.8) 26 (26.5) 32 (32.7) 

Chronic diarrhea 6 (25) 13 (54.2) 5 (20.8) 

Constipation 12 (31.6) 11 (28.9) 15 (39.5) 

Hematochezia 17 (31.5) 17 (31.5) 10 (18.5) 

IBD 9 (39.1) 11 (47.8) 3 (13) 

Loss of weight 5 (55.6) 1 (11.1) 3 (33.3) 

Other 11 (39.3) 8 (28.6) 9 (32.1) 

Colonoscopy findings, n (%)    

Angiectasis 2 (20) 3 (30) 4 (4.9) 

Diverticulum 21 (18.9) 22 (34.9) 20 (31.7) 

IBD 11 (33.3) 17 (51.5) 5 (15.2) 

Neoplasia 1 (25) 2 (50) 1 (25) 

Normal 36 (41.9) 22 (25.6) 28 (32.6) 

Polyps 41 (40.6) 31 (30.7) 29 (28.7) 

Portal colopathy 11 (33.3) 1 (33.3) 1 (33.3) 

Colonoscopy features    

PDR (%) 36.7 33.3 91.5 

Ileum intubation rate 77.8 80.7 80.7 

Bubbles, n (%) 15 (21.7) 7 (13.5) 12 (21.8) 

BMI: Body mass index; CCR: Colorectal carcinoma; IBD: Inflammatory bowel disease; PDR: Polyp detection rate; SD: Standard deviation. 

†The serum laboratory tests were performed before the bowel cleansing solution intake. 

The overall adequacy of bowel cleansing was achieved in 

more than 90% of patients, 98.8% in the mannitol group, 

followed by 93.5% in the lactitol and 92.3% in the PEG 

group. When comparing patients who used the preparation 

with lactitol and mannitol, the adequate preparation was 

greater in the mannitol group, but without statistically 

significant difference (RR 0.94; CI95% 0.86-1.03; P=0.164), 

with 5.9% of relative risk reduction of inadequacy with 

number needed to treat (NNT) 18 (Figure 1 and Table 3). 

When comparing patients who used the preparation with 

mannitol and PEG, there was a slight better performance in 

mannitol group (mannitol 98.8% vs. PEG 92.2%), but 

without significant differences (RR 0.91; CI95% 0.82-1.01; 

P=0.073), with 8.8%of relative risk reduction of inadequacy 

and NNT 12 (Figure 1, Table 3). 

Table 3. Adequacy of colon preparation considering Mannitol, Lactitol and PEG solutions. Crude and Adjusted Relative Risk, Absolute and Relative Risk 

Reduction (effectiveness) and Number Needed to Treat Adjusted by Poisson Regression. 

Variable 
Adjusted Model* Crude Model** 

∆ RR% 
RR [CI] 95% P-value RR [CI] 95% P-value ARR RRR% NNT 

Lactitol 0.95 [0.87-1.03] 0.192 0.94 [0.86-1.03] 0.164 0.056 5.9 18 1.05 

Mannitol 1 - - 1 - - - - - - 

Age (yr) - -  - - - - - - - 

< 60 0.96 [0.88-1.04] 0.274 - - - - - - - 

> 60 1 - - - - - - - - - 

Gender - -  - - - - - - - 

Female 0.98 [0.89-1.08] 0.635 - - - - - - - 

Male 1 - - - - - - - - - 

Comorbidity - -  - - - - - - - 

No 0.93 [0.86-1.01] 0.072 - - - - - - - 

Yes 1 - - - - - - - - - 

           

PEG 0.91 [0.82-1.00] 0.059 0.91 [0.82-1.01] 0.073 0.083 8.8 12 0 

Mannitol 1 - - 1 - - - - - - 

Age (yr) - -  - - - - - - - 

< 60 1.04 [0.93-1.15] 0.492 - - - - - - - 

> 60 1 - - - - - - - - - 

Gender - -  - - - - - - - 

Female 1.08 [0.99-1.18] 0.099 - - - - - - - 

Male 1 - - - - - - - - - 
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Variable 
Adjusted Model* Crude Model** 

∆ RR% 
RR [CI] 95% P-value RR [CI] 95% P-value ARR RRR% NNT 

Comorbidity - -  - - - - - - - 

No 0.95 [0.87-1.05] 0.313 - - - - - - - 

Yes 1 - - - - - - - - - 

Notes: 

*Confidence intervals and p values calculated from the Robust Standard Error estimated through the heteroscedasticity-consistent covariance matrix of the 

model coefficients. Akaike Information Criterion (AIC): Crude AIC: 343.9; AIC adjusted: 349.6. **Adjustment Goodness Test for the Poisson model 

(Residual deviation: RD) Gross: 0.1889 (p=1); Adjusted AD: 0.19007 (p=1). 

The difference in RRs between the adjusted and crude models was <10% (∆=1.05%), meaning that the RR of the group variable in the presence of the other 

variables was little different from the RR of the group variable without the covariables. As the RRs calculated were close to 1 and the respective p values were> 

0.05, the crude model was chosen. 

RR: Relative Risk; [CI] 95%: Confidence interval for RR; ∆ RR%: Difference of risks in% between definitive model and crude model (criterion: be> 10%). 

ARR: Absolute Risk Reduction; RRR%: Relative Risk Reduction (effectiveness); NNT: Number Needed to Treat. 

In adjusted analysis, lactitol and mannitol groups did not 

show any differences in bowel preparation adequacy 

considering age, gender, and comorbidities. The lack of 

comorbidities was possibly associated with bowel cleaning 

adequacy, but the analysis did not demonstrate differences 

(RR 0.93; CI95% 0.86-1.01; P=0.072) (Table 3). Adjusted 

analysis of mannitol and PEG groups showed a slight trend to 

significant adequacy in the mannitol group (P=0.059), with 

no differences when assessed other variables (Table 3). 

Only 4 subjects were considered to have colon cleansing 

failure (unable to proceed with colonoscopy): one in the 

mannitol group, and 3 in the PEG group. 

 

Figure 1. Comparison of the adequacy of bowel cleansing solutions 

considering Boston Bowel Preparation Scale. 

Note: Fisher's exact test was performed and the P-value < 0.05 was 

considered statistically significant 

The description of the average scores with respect to the 

adequacy of bowel preparation by BBPS in each bowel 

segment is presented in table 4. Regarding this criterion of 

evaluation, the mean of BBPS was greater in lactitol, 

followed by mannitol and PEG groups. 

The average frequency of polyps detection was 34.1% 

(n=101), 40.6% in the lactitol group, 30.7% in the mannitol 

group, and 28.7% in the PEG group; significant differences 

were not noted in the analysis (lactitol vs mannitol P=0.660; 

lactitol vs PEG P=0.460). In patients older than 50 years, the 

polyp detection increased to 41.5% (n=88) but without 

differences among groups. Polypectomy was the most 

frequent procedure performed (n=86, 29.1%; Table 2). The 

ileum intubation rate reached was 79.7% (n=84), without 

significant differences among groups. 

Table 4. Description of the averages obtained with the BBPS score in the 

assessment of cleanliness of the colonic segments during colonoscopy. 

 Lactitol Mannitol PEG 

Right colon 2.72 (0.47) 2.69 (0.62) 2.53 (0.56) 

Transverse colon 2.79 (0.47) 2.61 (0.69) 2.61 (0.50) 

Left colon 2.72 (0.59) 2.67 (0.68) 2.55 (0.56) 

Entire colon 8.21 (1.52) 7.97 (1.86) 7.66 (1.62) 

Note: Averages and standard deviations are presented. 

No serious adverse events were reported, and abdominal 

pain, dizziness, dry mouth, and headache were similar among 

all groups. The frequency of hypernatremia after bowel 

preparation was 25.3% in the group that used mannitol, 

followed by 7.3% and 5.2% in the PEG and lactitol groups, 

respectively. The lactitol (RR: 0.2, 95%CI: 0.08-0.52) and 

PEG (RR: 0.29, 95%CI: 0.12-0.68) solutions showed a 

relative reduction in risk of progressing to hypernatremia, 

with a number needed to treat (referred to as NNT) of 5 and 6, 

respectively. Nausea was more common in the lactitol group 

(21.8%) compared to the mannitol group (8.6%), with an RR 

of 3.77 (95%CI: 0.84-17.02) needed to treat 8 subjects with 

lactitol so that one of them had nausea (number needed to 

harm, NNH). The frequency of nausea in the PEG group 

(21.7%) was similar to that observed in the lactitol group. 

Vomiting was more common in patients prepared with 

lactitol (8.1%) compared to mannitol (2.2%), with an RR of 

2.54 (95%CI: 1.2-5.37). The absolute increase in risk in the 

treated group was 0.132 (95%CI: 0.129-0.135) and NNH of 

17. The frequency of vomiting in the group prepared with 

PEG was 4.3% and the RR was 2.53 (95%CI: 1.17-5.44), 

bringing an absolute increase in risk in the treated group of 

0.131 (95%CI: 0.128-0.135) with a NNH of 46. The adverse 

events and likelihood of being helped or harmed according to 

the bowel preparation solution were described in table 5. 

The visual analog scale showed that tolerance for bowel 

preparation solution was higher in the mannitol group (4.52), 

followed by the group treated with lactitol (4.31) and PEG 

(3.85). There was no difference between the mannitol and 

lactitol groups (P=0.07); however, lactitol was better 
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tolerated compared to PEG (P=0.001). In the mannitol group, 

94.6% were satisfied with the bowel preparation, followed by 

91% in lactitol and 85.9% in the PEG group. 

Considering the palatability of the bowel preparation 

solutions, 65 of 283 patients classified the oral solutions to 

taste very or moderately unpleasant; of these, 63.1% were in 

the PEG group, 29.2% in the lactitol group, and 7.7% in the 

group treated with mannitol (P < 0.001). 

Table 5. Likelihood of being helped or harmed according to the bowel preparation solution group. 

Lactitol group 

AE 
Incidence 

of AE (z) 

Incidence of 

AE % 

NNT for intestinal 

cleansing 

Expected number of AE 

considering the NNT ** 
NNH AE 

LLH=(1/NNT) / 

(1/NNH)* 

Nausea 0.218 21.8 18 3.92 8 0.44 

Vomiting 0.081 8.1 18 1.46 17 0.94 

Hypernatremia 0.052 5.2 18 0.94 5 0.28 

Dizziness 0.045 4.5 18 0.81 29 1.61 

 

Polyethylene glycol macrogol (PEG) group 

AE 
Incidence of AE 

(z) 

Incidence of 

AE % 

NNT for intestinal 

cleansing 

Expected number of AE 

considering the NNT** 
NNH AE 

LLH=(1/NNT) / 

(1/NNH)* 

Nausea 0.217 21.7 12 2.60 8 0.67 

Vomiting 0.043 4.3 12 0.52 46 3.83 

Hypernatremia 0.073 7.3 12 0.88 6 0.5 

Dizziness 0.054 5.4 12 0.65 23 1.92 

*LLH (LLH is > 1, the subject under intervention will have more benefit regarding the risk of adverse effects); ** z X NNT (BATTAGGIA, 2006). 

4. Discussion 

The number of patients screened for colon injuries will 

increase over time, requiring effective and safe colon solution 

preparations. Factors increasing the risk of worse bowel 

preparation may include older age, lower education level, and 

nonadherence to preparation instructions; these issues need to 

be addressed when high-quality colonoscopy is desired [12, 

31, 32]. In this trial, we proposed to compare three different 

oral solutions to bowel preparation before colonoscopy, 

including an unusual application of lactitol and the most 

commonly used solutions, such as mannitol and PEG. 

The trials that evaluate the effectiveness of intestinal 

preparation solutions present heterogeneous methods; thus, 

any comparison becomes a difficult process. Mannitol 

solution is a frequent cleansing solution for bowel 

preparation of colonoscopy in Brazil, although it is not 

recommended by some societies due to reports of colon 

explosion and electrolyte disturbances [14–16, 18]. The PEG 

is presented as an effective alternative to bowel preparation 

solution, but with diverse ways to be applied. Lactitol is an 

osmotic disaccharide laxative produced by hydrogenation of 

lactose that increases fecal volume and stimulates peristalsis; 

it is well indicated for chronic intestinal constipation and 

hepatic encephalopathy [20, 21, 23]. There are no previous 

studies evaluating lactitol application for bowel cleansing. 

In this trial lactitol, all studied solutions were found to be 

effective for bowel cleansing, but mannitol and lactitol 

showed higher proportion of adequacy considering at least 2 

points in each colonic segment using BBPS, despite not 

reaching statistical significance. Group prepared with PEG 

solution revealed a worse performance than mannitol in 

bowel cleansing, despite not having statistical significance in 

crude or adjusted analysis. Although the sample size 

calculation, we believe that an analysis regarding a larger 

number of patients would be able to show significant 

differences between groups. A previous study conducted with 

148 patients, who were randomized to receive PEG or 

mannitol, showed that there was no significant difference in 

terms of efficacy or adverse events, such as nausea, vomiting, 

pain, or bloating [33]. Beck et al [15] compared PEG and 

mannitol solutions for preoperative bowel preparation in 80 

patients; both methods were considered safe and effective, 

with success rates of 70% and 100%, respectively. 

In this study, PEG did not show a good performance when 

compared with previous data. We have used a cleansing 

solution with 20 sachets, each sachet containing 13.125 g 

polyethylene glycol macrogol and 700 mL water, with a 

worse BBPS score compared to mannitol 20% and lactitol. 

Some studies, especially those using PEG solution, did not 

clarify the PEG dose; in addition, dilutions have varied 

among trials (to dilute the sachet). Other trials have presented 

good-quality bowel cleansing with sodium phosphate and 

10% mannitol solutions compared to sodium picosulfate in 

more than 90% of colonoscopies, mainly due to the presence 

of feces adhering to the right colon walls after cleansing with 

sodium picosulfate preparation; however, adverse events and 

flavor might be possible limiting factors [14]. 

Lactitol is a disaccharide analog of lactulose, which is not 

absorbed in the small intestine but is extensively metabolized 

by colonic bacteria. Some studies on hepatic encephalopathy 

and constipation have compared lactitol and lactulose, and 

the efficacy and tolerance of lactitol for adults were found to 

be similar; gastrointestinal adverse events were common, but 

generally with mild intensity [20]. A trial compared PEG 

electrolyte containing PEG-4000 (118 g), sodium sulfate 

(11.37 g), sodium bicarbonate (3.37 g), sodium chloride (2.93 

g), and potassium chloride (1.48 g), which were reconstituted 

in 2 L water and lactulose solution (200 mL) plus 2 L water. 

The comparative efficacy of the bowel preparation was 

evaluated using the BBPS scoring system and the lactulose 

group showed superior bowel cleansing compared to the PEG 
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group, as evidenced by the higher BBPS scores for all 

segments of the colon [34]. The present findings of lactitol 

were similar if compared with lactulose in this analysis. The 

most significant limitations were related to heterogeneity in 

the preparation of the solutions, making it difficult to 

compare studies, in addition to several methods for 

measuring the quality of bowel preparation. 

Adverse events and tolerability were the most interesting 

points to distinguish the solutions. In accordance with other 

analyses, we found a higher frequency of hypernatremia after 

bowel preparation in patients within the mannitol solution 

group, 20% and 18% greater than that in the lactitol and PEG 

groups, respectively. No patient had clinically significant 

symptoms. Considering the electrolytes disbalance, lactitol 

and PEG were safer, with an NNT of 5 and 6, respectively. 

There was no colon gas explosion reported and the local 

experience with mannitol did not show a similar record. 

Nausea was the more common adverse event observed, 2.5 

higher fold in lactitol and PEG than mannitol group. 

Vomiting was also more frequently reported in the lactitol 

and PEG groups compared with mannitol. Previously 

published trials have revealed that patients in the mannitol 

preparation group have a significantly higher frequency of 

nausea, vomiting, abdominal pain, and abdominal distension 

than those in the PEG group [14–16]. The long-term safety 

profile of lactitol, compared to other bowel cleansing 

solutions needs further investigation. 

Groups that obtained better scores on BBPS achieved 

higher rates of polyps’ detection. We found a polyp detection 

frequency of 34.1%, with a slight proportion in the lactitol 

group (40.6%) compared with the mannitol (30.7%) and PEG 

(28.7%) groups. Currently, there are no anatomopathological 

assessments to detect the adenoma detection rate, despite the 

retrieval of more than 95% of removed polyps for 

histological analysis; this is an analysis limitation. Data have 

shown that the removal of adenomas from the colon reduces 

the risk of subsequent cancer [35]; and data have shown that 

screening colonoscopies with adenoma detection rates below 

20% were more likely to have patients subsequently 

presenting with interval cancer [36]. 

Mannitol and lactitol had better palatability in this trial. 

The palatability of PEG solution was not positively evaluated, 

as it was a very or moderately unpleasant flavor by many 

people. Previous analyses have shown that PEG solution has 

better tolerability and acceptability than mannitol; when 

compared with lactulose, though, PEG appears to have a 

lower quality performance [16, 34]. There is no other data to 

compare lactitol in the similar conditions, but studies for 

intestinal constipation and hepatic encephalopathy, 

demonstrated good tolerability, especially for the possibility 

of use as a sweetener in cold and hot drinks. Some data have 

demonstrated that methods to achieve palatability and 

tolerability vary among studies; in addition, bowel 

preparation experience and cultural habits can influence the 

patient’s preferences. 
In conclusion, we observed that mannitol, lactitol and PEG 

are options for intestinal preparation before colonoscopy. 

Lactitol is a possible alternative to be used for this purpose 

but further head-to-head trials are necessary. The condition of 

the patient, the local experience must also be considered 

when choosing the most appropriate solution to bowel 

cleansing. 

Author Contributions 

Cavalcante LN, Batista MC, and Paes IB designed the 

report; Cavalcante LN, Ribas A, Lins AP, Leal da Silva LR, 

Fortes FML, Bispo Jr VS, Cintra de Oliveira M, Silveira C, 

Almeida MVM collected the patient’s clinical data; Ribas A 

and Cavalcante LN analyzed the data and wrote the paper. 

Declarations 

The authors declare that there are no conflicts of interest. 

This study was approved by the Ethics Committee of 

Hospital Geral Roberto Santos (CAAE N° 

83167418.5.0000.5028). The manuscript was prepared and 

revised in accordance with the CONSORT Statement 2010. 

Acknowledgements 

All authors participated equally in the realization of this 

trial. 

We are grateful to Cifarma Científica Farmacêutica LTDA 

for donating medicines, Hospital Geral Roberto Santos and 

the Secretary of Health of the Bahia´s State (SESAB) for 

structural support. 

 

References 

[1] Issa IA, Noureddine M. Colorectal cancer screening: An 
updated review of the available options. World J Gastroenterol 
[Internet]. 2017 [cited 2020 May 17]; 23 (28): 5086. Available 
from: http://www.wjgnet.com/1007-
9327/full/v23/i28/5086.htm. 

[2] Seeff LC, Richards TB, Shapiro JA, Nadel MR, Manninen DL, 
Given LS, et al. How many endoscopies are performed for 
colorectal cancer screening? Results from CDC’s survey of 
endoscopic capacity. Gastroenterology [Internet]. 2004 Dec 
[cited 2017 Mar 5]; 127 (6): 1670–7. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0016508504016300. 

[3] Edwards BK, Ward E, Kohler BA, Eheman C, Zauber AG, 
Anderson RN, et al. Annual report to the nation on the status 
of cancer, 1975-2006, featuring colorectal cancer trends and 
impact of interventions (risk factors, screening, and treatment) 
to reduce future rates. Cancer [Internet]. 2010 Feb 1 [cited 
2020 May 5]; 116 (3): 544–73. Available from: 
http://doi.wiley.com/10.1002/cncr.24760. 

[4] Zauber AG, Lansdorp-Vogelaar I, Knudsen AB, Wilschut J, 
van Ballegooijen M, Kuntz KM. Evaluating Test Strategies for 
Colorectal Cancer Screening: A Decision Analysis for the U.S. 
Preventive Services Task Force. Ann Intern Med [Internet]. 
2008 Nov 4 [cited 2020 May 5]; 149 (9): 659. Available from: 
http://annals.org/article.aspx?doi=10.7326/0003-4819-149-9-
200811040-00244. 



 International Journal of Gastroenterology 2020; 4(2): 54-62 61 

 

[5] Brody H. Colorectal cancer. Nature. 2015. 

[6] Organisation WG, Digestive I, Alliance C, Guidelines P, 
Winawer S, Classen M, et al. Triagem do câncer colorretal.: 
1–19. 

[7] Dozois EJ, Boardman LA, Suwanthanma W, Limburg PJ, 
Cima RR, Bakken JL, et al. Young-onset colorectal cancer in 
patients with no known genetic predisposition: can we 
increase early recognition and improve outcome? Medicine 
(Baltimore) [Internet]. 2008 Sep [cited 2019 Mar 6]; 87 (5): 
259–63. Available from: 
https://insights.ovid.com/crossref?an=00005792-200809000-
00003. 

[8] Ahnen DJ, Wade SW, Jones WF, Sifri R, Mendoza Silveiras J, 
Greenamyer J, et al. The increasing incidence of young-onset 
colorectal cancer: a call to action. Mayo Clin Proc [Internet]. 
2014 Feb [cited 2019 Mar 6]; 89 (2): 216–24. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S00256196130082
27. 

[9] Cronin KA, Lake AJ, Scott S, Sherman RL, Noone A-M, 
Howlader N, et al. Annual Report to the Nation on the Status 
of Cancer, part I: National cancer statistics. Cancer [Internet]. 
2018 Jul 1 [cited 2019 Mar 6]; 124 (13): 2785–800. Available 
from: http://doi.wiley.com/10.1002/cncr.31551. 

[10] Bray C, Bell LN, Liang H, Collins D YS. Colorectal Cancer 
Screening. WMJ [Internet]. 2017 [cited 2020 May 17]; 116 (7): 
27–33. Available from: 
https://www.ncbi.nlm.nih.gov/pubmed/29099566?report=abstr
act&format=text. 

[11] Bechtold ML, Mir F, Puli SR, Nguyen DL. Optimizing bowel 
preparation for colonoscopy: A guide to enhance quality of 
visualization [Internet]. Annals of Gastroenterology The 
Hellenic Society of Gastroenterology; 2016 p. 137–46. 
Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/27065725. 

[12] Rex DK, Imperiale TF, Latinovich DR, Bratcher LL. Impact 
of bowel preparation on efficiency and cost of colonoscopy. 
Am J Gastroenterol [Internet]. 2002 Jul [cited 2017 Aug 15]; 
97 (7): 1696–700. Available from: 
http://www.nature.com/doifinder/10.1111/j.1572-
0241.2002.05827.x. 

[13] Rosa-Rizzotto E, Dupuis A, Guido E, Caroli D, Monica F, 
Canova D, et al. Clean Colon Software Program (CCSP), 
Proposal of a standardized Method to quantify Colon 
Cleansing During Colonoscopy: Preliminary Results. Endosc 
Int Open [Internet]. 2015 Jun 24 [cited 2017 Aug 15]; 03 (05): 
E501–7. Available from: http://www.thieme-
connect.de/DOI/DOI?10.1055/s-0034-1392109. 

[14] Miki Jr P, Lemos CR dos R, Popoutchi P, Garcia RL dos S, 
Rocha JJR da, Feres O. Comparison of colon-cleansing 
methods in preparation for colonoscopy - Comparative 
efficacy of solutions of mannitol, sodium picosulfate and 
monobasic and dibasic sodium phosphates. Acta Cir Bras 
[Internet]. 2008 [cited 2017 Aug 15]; 23 (suppl 1): 108–11. 
Available from: 
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S010
2-86502008000700018&lng=en&tlng=en. 

[15] Beck DE, Fazio VW, Jagelman DG. Comparison of oral 
lavage methods for preoperative colonic cleansing. Dis Colon 
Rectum [Internet]. 1986 Nov [cited 2020 May 5]; 29 (11): 
699–703. Available from: http://journals.lww.com/00003453-

198629110-00005. 

[16] Vieira MC, Hashimoto CL, Carrilho FJ. Bowel 
preparation for performing a colonoscopy: prospective 
randomized comparison study between a low-volume 
solution of polyethylene glycol and bisacodyl versus 
bisacodyl and a mannitol solution. Arq Gastroenterol 
[Internet]. 2012 Jun [cited 2020 May 5]; 49 (2): 162–8. 
Available from: 
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S
0004-28032012000200012&lng=en&tlng=en. 

[17] Cohen LB, Sanyal SM, Von Althann C, Bodian C, Whitson M, 
Bamji N, et al. Clinical trial: 2-L polyethylene glycol-based 
lavage solutions for colonoscopy preparation - A randomized, 
single-blind study of two formulations. Aliment Pharmacol 
Ther. 2010. 

[18] Wexner SD, Beck DE, Baron TH, Fanelli RD, Hyman N, 
Shen B, et al. A consensus document on bowel preparation 
before colonoscopy: prepared by a Task Force from the 
American Society of Colon and Rectal Surgeons (ASCRS), 
the American Society for Gastrointestinal Endoscopy 
(ASGE), and the Society of American Gastrointestinal and 
Endoscopic Surgeons (SAGES). Surg Endosc [Internet]. 
2006 Jul 23 [cited 2020 May 5]; 20 (7): 1161–1161. 
Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/16799744. 

[19] Miller LE, Tennilä J, Ouwehand AC. Efficacy and tolerance 
of lactitol supplementation for adult constipation: A 
systematic review and meta-analysis. Clin Exp Gastroenterol 
[Internet]. 2014 Jul [cited 2020 May 5]; 7 (1): 241–8. 
Available from: http://www.dovepress.com/efficacy-and-
tolerance-of-lactitol-supplementation-for-adult-constipat-peer-
reviewed-article-CEG. 

[20] Als-Nielsen B, Gluud LL, Gluud C. Non-absorbable 
disaccharides for hepatic encephalopathy: systematic review 
of randomised trials. BMJ [Internet]. 2004; 328 (7447): 1046. 
Available from: http://www.bmj.com/content/328/7447/1046. 

[21] Sharma P, Sharma BC. Disaccharides in the treatment of 
hepatic encephalopathy. Metab Brain Dis. 2013; 28 (2): 313–20. 

[22] Emanueli A, Sacchetti G. An algorithm for the classification 
of untoward events in large scale clinical trials. Agents 
Actions Suppl [Internet]. 1980 [cited 2020 May 5]; 7: 318–22. 
Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/6941682. 

[23] Holt SH, Miller JC, Petocz P, Farmakalidis E. A satiety index 
of common foods. Eur J Clin Nutr [Internet]. 1995 Sep [cited 
2020 May 5]; 49 (9): 675–90. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/7498104. 

[24] Lawrance IC, Willert RP, Murray K. A validated bowel-
preparation tolerability questionnaire and assessment of three 
commonly used bowel-cleansing agents. Dig Dis Sci 
[Internet]. 2013 Apr 25 [cited 2017 Aug 19]; 58 (4): 926–35. 
Available from: http://link.springer.com/10.1007/s10620-012-
2449-0. 

[25] Bozdogan H. Model selection and Akaike’s Information 
Criterion (AIC): The general theory and its analytical 
extensions. Psychometrika [Internet]. 1987 Sep [cited 2020 Jul 
18]; 52 (3): 345–70. Available from: 
https://link.springer.com/article/10.1007/BF02294361. 

[26] Cameron AC TP. Regression analysis of count data. 53rd ed. 
Cambridge university press; 2013. 



62 Lourianne Nascimento Cavalcante et al.:  A Randomized Clinical Trial Evaluating Mannitol, Lactitol, and  

Polyethylene Glycol Macrogol as Oral Solutions for Colonoscopy Preparation 

[27] Zou G. A Modified Poisson Regression Approach to 
Prospective Studies with Binary Data. Am J Epidemiol 
Hopkins Bloom Sch Public Heal All rights Reserv [Internet]. 
2004 [cited 2020 Jul 18]; 159 (7): 702–6. Available from: 
https://academic.oup.com/aje/article-abstract/159/7/702/71883. 

[28] Coutinho LMS, Scazufca M, Menezes PR. Methods for 
estimating prevalence ratios in cross-sectional studies. Rev 
Saude Publica [Internet]. 2008 [cited 2020 Jul 18]; 42 (6): 
992–8. Available from: 
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034
-89102008000600003&lng=en&nrm=iso&tlng=pt. 

[29] Battaggia A VA. ARR, NNT, NNH, LLH... Maestro, il senso 
lor m’è duro! Riv QQ - Qual Qual Gen Prat. 2006; 11 (1): 2–4. 

[30] R Core Team (2013). R: A language and environment for 
statistical computing. R Foundation for Statistical Computing; 
Vienna; Austria. 

[31] Chan W-K, Saravanan A, Manikam J, Goh K-L, Mahadeva S. 
Appointment waiting times and education level influence the 
quality of bowel preparation in adult patients undergoing 
colonoscopy. BMC Gastroenterol [Internet]. 2011 Jul 28 [cited 
2020 May 5]; 11 (1): 86. Available from: 
https://bmcgastroenterol.biomedcentral.com/articles/10.1186/1
471-230X-11-86. 

[32] Raju GS, Gerson L, Das A, Lewis B. American 
Gastroenterological Association (AGA) Institute medical 
position statement on obscure gastrointestinal bleeding. 

Gastroenterology [Internet]. 2007 Nov [cited 2015 Jul 29]; 
133 (5): 1694–6. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17983811. 

[33] Habr Gama, Angelita; Vieira, Maria José Femenias; Alves, 
Paulo Roberto Arruda; Sousa Junior, Afonso Henrique da 
Silva e; Sototuka, Jorge Kuma; Gama Rodrigues, Joaquim; 
Travassos VHCR. Preparo do cólon para colonoscopia: estudo 
prospectivo randomizado com soluçäo de manitol a 10% e 
com soluçäo eletrolítica contendo polietilenoglicol / Bowel 
preparation for colonoscopy: a prospective study with 10% 
mannitol solution and with electrolyte. GED gastroenterol 
endosc dig. 1986; 5 (4): 127–32. 

[34] CX L, Y G, YJ Z, JR Z, QS X, DF C, et al. Comparison of 
Polyethylene Glycol versus Lactulose Oral Solution for Bowel 
Preparation prior to Colonoscopy. Gastroenterol Res Pract 
[Internet]. 2019 [cited 2020 Jul 21]; 2019. Available from: 
https://pubmed.ncbi.nlm.nih.gov/31097959/. 

[35] WS A, R E, I K-H, K W, AR H, JM N, et al. No Title. 2010 
May 8 [cited 2020 May 5]; 375 (9726). Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S01406736106055
1X. 

[36] Kaminski MF, Regula J, Kraszewska E, Polkowski M, 
Wojciechowska U, Didkowska J, et al. Quality indicators for 
colonoscopy and the risk of interval cancer. N Engl J Med 
[Internet]. 2010 May 13 [cited 2020 May 5]; 362 (19): 1795–
803. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/20463339. 

 


