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Dietary self-management is an important strategy for controlling bowel symptoms after

sphincter-saving surgery; however, the dietary factors influencing bowel symptoms

are not completely clear. This study aimed to explore the relationship between

the specific consumption of food components and bowel symptoms. This study

applied a cross-sectional study design. Using convenience sampling, a total of 169

patients with rectal cancer after sphincter-saving surgery were selected from a tertiary

hospital. Data were collected through three questionnaires, including general and

treatment-related questionnaires, the Memorial Sloan Kettering Cancer Center (MSKCC)

bowel function scale—Chinese version, and the Food Frequency Questionnaire. Multiple

linear regression analysis was used to analyze the collected data. It was found that

the consumption of fruit, cholesterol, and protein and the interaction of cereals and

milk products were the main dietary factors affecting bowel symptoms in patients after

sphincter-saving surgery. The consumption of protein and fruit was negatively correlated

with the symptoms of frequent and urgent defecation, and the consumption of fruit and

protein was negatively correlated with general bowel function. The consumption of fruit

was negatively correlated with the abnormal feeling of defecation, and the interaction

between cereals and milk products was positively correlated with the abnormal feeling

of defecation. The results of this study provide evidence for medical staff to further

develop scientific dietary education programs to relieve bowel symptoms and promote

the quality of life of patients in the future. More research is also needed to explore the

mechanisms of the effects of different food components on bowel symptoms in patients

after sphincter-saving surgery in the future.

Keywords: rectal cancer, diet, food consumption, bowel symptoms, sphincter-saving surgery

INTRODUCTION

Colorectal cancer (CRC) is the third most prevalent cancer globally and is among the leading
causes of mortality in the world (1). Due to changes in the lifestyle and dietary patterns of Chinese
residents, the incidence of CRC has increased in recent years (2).

Rectal cancer is primarily treated with surgical removal, accompanied by chemotherapy and
radiotherapy when needed (3). With the increasing development of surgical techniques in rectal
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cancer treatment, low anterior resection (LAR) with total
mesorectal excision (TME) is now the gold standard for
the treatment of non-disseminated rectal cancer, aiming at
saving the sphincter of patients (4). However, saving the
sphincter does not mean saving its function, and different bowel
symptoms frequently emerge after sphincter-saving surgery, such
as fecal incontinence, urgent and frequent defecation, laborious
defecation, and bowel movements at night. These symptoms
are collectively called low anterior resection syndrome (LARS)
(5). Over 70% of patients after sphincter-saving surgery have
experienced these varied symptoms, which severely influence the
patients’ quality of life (6–8). Although defecation dysfunction
improves over time after surgery, many studies have found that
these symptoms may still exist up to 15 years after surgery (9).
Therefore, defecation dysfunction may be permanent and not
temporary, and patients seldom fully recover (10).

Compared with the high prevalence of defecation dysfunction,
effective therapy to control these symptoms is limited. Patients
need to control bowel symptoms nearly all by themselves,
and self-management has become the main method, including
diet modification, bowel medication, exercise and practice
management, and psychological adjustment. Dietary change
has been reported to be the most common strategy among
these methods, and more than 96% of patients reported a
change in diet to control bowel symptoms in the study of
Yin et al. (11). Dietary change plays an irreplaceable role in
the management of defecation dysfunction because different
dietary components may influence defecation by changing
intestinal motility, moderating gut microbiota, and altering
fecal morphology (12). Nikoletti et al. investigated the self-
management status of patients after sphincter-saving surgery,
and more than 30% of patients revealed a close relationship
between bowel symptoms and dietary behaviors (13).

At present, research focusing on the dietary-influencing
factors of defecation dysfunction is still scant. In past studies, the
possible dietary factors of defecation dysfunction were mainly
identified by qualitative research design, exploring the feelings
and experiences of patients after sphincter-saving surgery.
Landers et al. conducted semi-structured interviews with 143
patients after sphincter-saving surgery, and sweet foods such
as chocolate were noted to aggravate diarrhea (14). Sun et al.
enrolled 63 patients after sphincter-saving surgery and conducted
13 focus group interviews with the purpose of exploring the
strategies applied by patients to control these bowel symptoms
(15). The findings of this study revealed that some foods might
cause symptoms such as diarrhea, constipation, and bloating,
such as spicy foods, fatty foods, and dairy products, while other
foods were good for patients’ defecation, such as liquid food and
high-fiber food and prune juices. Taylor et al. pointed out that
one or two small changes to a person’s diet can make significant
differences. Foods that often result in problems by creating more
frequent defecation or looser stool are caffeine, insoluble fiber
from nuts, the skins and peas of many fruits and vegetables, fats,
and spices (16).

According to the subjective data collected in the past studies,
the effects of foods on bowel symptoms were inconsistent and
individual differences existed in them. In the study of Sun et

al., some food categories, including vegetables and fruits, were
reported as being harmful by some patients but helpful for
others. All the past studies just investigated the effects of different
food categories on bowel symptoms, and none of them reported
the direct relationship between specific consumption of food
components and bowel symptoms of patients after sphincter-
saving surgery. Among all food components, fiber is pointed out
by some researchers to be related to fecal incontinence; however,
patients with fecal incontinence in most of these studies were not
the patients after sphincter-saving surgery. In a large sampling
prospective cohort study conducted by Staller et al. (12), 58,330
old women were enrolled in a 4 year follow-up during the past 10
years. The results suggested that the rate of fecal incontinence of
people taking 25 g of fiber per day was 18% lower than the rate
of fecal incontinence of people taking 13.5 g of fiber per day. No
studies have specially discussed on the effect of fiber consumption
of food on bowel symptoms of patients after sphincter-saving
surgery until now.

Above all, there are limited studies focusing on the effects
of dietary factors on bowel symptoms among patients after
sphincter-saving surgery. The conclusions among the limited
studies are not consistent with each other. Patients mostly
relied on self-management and trial and error to control bowel
symptoms. There are also no studies discussing and analyzing
the direct relationship between consumption of food component
and bowel symptoms among patients after sphincter-saving
surgery; thus, the specific effects of foods on bowel symptoms
are not clear. The lack of professional instructions has become
a prominent problem for self-management. Therefore, more
studies are needed to explore the effect of specific dietary
components on bowel symptoms to further understand the
relationship between diet and defecation dysfunction.

Thus, this study aimed to investigate the direct relationship
between the consumption of food components and bowel
symptoms and further identify the dietary influencing factors of
defecation dysfunction. Therefore, evidence could be provided
from this study for clinical caregivers to design scientific dietary
interventions to control the bowel symptoms of patients after
sphincter-saving surgery.

METHODS

Study Design
A cross-sectional observational design was applied in this study.

Setting and Participants
Rectal cancer patients after sphincter-saving surgery were
conveniently recruited from a tertiary hospital in East China
from July to December 2019. Inclusion criteria were as follows:
(1) primary rectal cancer by pathology, (2) finishing the
sphincter-saving operation between 2 months and 2 years before
recruitment, and (3) voluntary participation with informed
consent. The exclusion criteria were as follows: (1) hearing
or cognitive disorders, (2) complications (anastomotic fistula,
rectovaginal fistula, etc.) after surgery, (3) having suffered from
intestinal problems such as inflammatory bowel disease or
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TABLE 1 | Participants’ characteristics and differences of the bowel function in different groups (N = 169).

N (%) Mskcc-total score Frequent defecation-subscale score

Mean SD T (F) P Mean SD T (F) P

Gender

Male 109 (64.5) 62.78 ± 6.05 0.458 0.648 35.76 ± 4.53 0.090 0.928

Female 60 (35.5) 62.26 ± 6.06 35.67 ± 5.25

Age (years)

≤40 7 (4.1) 65.4 ± 6.73 2.534 0.044 36.80 ± 4.98 2.374 0.056

(40, 50) 21 (12.4) 60.07 ± 5.52 34.13 ± 4.88

(50, 60) 53 (31.4) 63.58 ± 5.81 36.26 ± 4.45

(60, 70) 52 (30.6) 63.78 ± 5.96 37.00 ± 4.57

>70 36 (21.5) 60.38 ± 5.93 33.85 ± 4.93

Employment status

Employed 67 (39.7) 62.73 ± 5.34 0.198 0.844 36.02 ± 4.38 0.547 0.585

Unemployed 102 (60.3) 62.51 ± 6.48 35.53 ± 5.03

Timing (months)

(0, 3) 37 (21.9) 62.22 ± 4.97 0.227 0.877 35.22 ± 4.34 1.363 0.258

(4, 6) 31 (18.3) 62.32 ± 7.02 34.23 ± 5.28

(7, 12) 41 (24.3) 62.24 ± 6.03 36.03 ± 4.95

(13, 24) 60 (35.5) 63.21 ± 6.26 36.6 ± 4.58

Education

Less than junior school 37 62.27 ± 7.37 0.284 0.754 35.68 ± 5.35 0.891 0.413

Middle and high school 63 62.49 ± 5.59 35.35 ± 4.60

College graduate and higher 21 63.48 ± 4.75 36.95 ± 4.19

Family economy

Just enough 94 (55.6) 61.70 ± 6.17 −1.734 0.085 35.16 ± 4.99 −1.4 0.164

rich 75 (45.4) 63.60 ± 5.76 36.37 ± 4.47

Distance between anal and tumor (cm) 62.53 ± 6.02

(0–5) 35 (20.7) 60.74 ± 5.59 3.721 0.045 34.76 ± 5.52 2.966 0.055

(5–10) 92 (54.4) 62.00 ± 6.06 35.29 ± 4.63

(11–15) 36 (21.3) 63.54 ± 5.21 37.08 ± 4.06

(15–20) 6 (3.6) 70.90 ± 9.81 40.25 ± 3.20

Radiotherapy status

Haven’t received 91 (53.8) 63.23 ± 6.35 1.252 0.213 36.12 ± 4.76 0.983 0.328

Have received 78 (46.2) 61.87 ± 5.61 35.27 ± 4.79

N (%) Dietary factors-subscale Feeling of defecation-subscale

Mean SD T (F) P Mean SD T (F) P

Gender

Male 109 (64.5) 14.09 ± 1.92 1.922 0.057 12.94 ± 1.96 −0.837 0.404

Female 60 (35.5) 13.35 ± 2.21 13.23 ± 1.67

Age (years)

≤40 7 (4.1) 15.4 ± 3.13 2.453 0.050 13.20 ± 1.92 0.232 0.920

(40, 50) 21 (12.4) 13.0 ± 1.81 12.93 ± 1.53

(50, 60) 53 (31.4) 14.26 ± 1.77 13.05 ± 1.45

(60, 70) 52 (30.6) 13.92 ± 2.33 12.86 ± 2.34

>70 36 (21.5) 13.23 ± 1.68 13.31 ± 1.91

Employment status

Employed 67 (39.7) 13.88 ± 1.53 0.210 0.834 12.83 ± 1.510 −0.995 0.322

Unemployed 102 (60.3) 13.79 ± 2.35 13.18 ± 2.06

Timing (months)

(0, 3) 37 (21.9) 14.19 ± 1.94 0.941 0.423 12.81 ± 1.52 3.028 0.032

(Continued)
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TABLE 1 | Continued

N (%) Dietary factors-subscale Feeling of defecation-subscale

Mean SD T (F) P Mean SD T (F) P

(4, 6) 31 (18.3) 14.0 ± 2.29 14.09 ± 1.69

(7, 12) 41 (24.3) 13.31 ± 2.04 12.90 ± 1.93

(13, 18) 60 (35.5) 13.86 ± 2.01 12.74 ± 1.97

Education

Less than junior school 37 13.95 ± 2.29 0.194 0.824 12.65 ± 1.99 2.941 0.057

Middle and high school 63 13.71 ± 2.09 13.43 ± 1.73

College graduate and higher 21 13.95 ± 1.50 12.57 ± 1.86

Family economy

Enough 94 (55.6) 13.67 ± 2.09 −0.877 0.382 12.88 ± 2.06 −1.041 0.300

Rich 75 (45.4) 14.01 ± 2.10 13.23 ± 1.62

Distance between anal and tumor (cm)

(0–5) 35 (20.7) 13.84 ± 1.63 1.659 0.181 13.44 ± 1.76 0.604 0.614

(5–10) 92 (54.4) 13.79 ± 2.12 12.92 ± 1.86

(11–15) 36 (21.3) 13.58 ± 2.02 12.88 ± 1.66

(15–20) 6 (3.6) 16.00 ± 2.94 13.50 ± 3.79

Radiotherapy status

Haven’t received 91 (53.8) 14.22 ± 2.09 2.285 0.024 12.89 ± 1.79 −0.947 0.345

Have received 78 (46.2) 13.38 ± 2.01 13.21 ± 1.96

irritable bowel syndrome before the surgery, and (4) incomplete
medical records.

An a priori sample size calculation specified that at least
a sample of 85 patients was necessary to detect a moderate
correlation (correlation = 0_3), with a power of 80% and a level
of significance of 0.05. In total, 169 participants were included in
this study, and the demographic data are shown in Table 1.

Research Tools
A multi-item questionnaire was used to collect data, including
the sociodemographic information and clinical information of
patients. Patients’ bowel symptom experiences were measured
with the Memorial Sloan Kettering Cancer Center’s bowel
function scale. Patients’ eating situations were measured using
the Food Frequency Questionnaire (FFQ). All the information
was collected by trained investigators at the hospital clinic.

General Information Questionnaire
The general information questionnaire consisted of 10 items,
including age, sex, employment status, education level, and
tobacco and alcohol use.

Clinical Information Questionnaire
The clinical information questionnaire collected the past medical
information and the data related to the treatment of rectal
cancer, including history of past chronic disease (inflammatory
bowel disease, diabetes, hypertension, and cardiac disease) and
surgery, history of personal and family cancer, type of surgery,
tumor classification, differentiation degree, length of bowel being
removed, anastomotic site, lymphatic metastasis, adjunct therapy
before and after surgery, and dietary supplement usage.

Memorial Sloan Kettering Cancer Center’s Bowel

Function Scale—Chinese Version
This scale was developed by Temple et al. (17) to assess the bowel
function of patients after sphincter-saving surgery and includes
18 items. We applied the Chinese version of the Memorial
Sloan Kettering Cancer Center (C-MSKCC) bowel function
scale, consisting of three dimensions: (1) frequent and urgent
defecation, (2) effects of diet on defecation, and (3) abnormal
feelings of defecation. This scale adopted a five-point Likert scale
ranging from “always” (1 point) to “never” (5 points), with a total
score of 18 to 90 points. A higher score indicated a better bowel
function. The Cronbach’s coefficient of the Chinese version has
been confirmed to range from 0.602 to 0.856 in past research (18).
In this study, Cronbach’s coefficient of the Chinese version of the
MSKCC bowel function scale was 0.886.

Food Frequency Questionnaire
Dietary behaviors were assessed with a 100-item quantitative
FFQ, reflecting the food consumption for the main food items
by investigating the intake frequency of certain foods and the
portion consumed every time. The FFQ was designed by the
Chinese Center of Disease Control and Prevention in 2010
to monitor people’s nutrition and diet. More than 100 food
items were assigned to eight food categories. Intake frequency
was estimated by using a scale of categories with response
in “times per day,” “times per week,” “times per month,” and
“times per year.” By multiplying the frequency and portion size,
the average consumed amount was calculated and expressed
as intake in grams per day. Energy and nutritional intake are
estimated with regard to participants’ frequency ratings and
portion. Nutritional analysis was performed by the Nutrition
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Calculation Software, which was developed to calculate the
intake consumption of different food categories, energy, and
food nutrients.

Statistical Analysis
SPSS 21.0 was used for the statistical analysis, and the statistical
significance was set at p < 0.05 (two-tailed). Patients were
excluded from the analysis if more than 30% of the data were
missing. The results of FFQ were firstly recorded into the
Nutrition Calculation Software and then the consumption of
different food components were calculated by this software.
Continuous variables were described using the mean and
standard deviation, and categorical variables were described
using frequencies and percentages. Independent-sample t-tests
and analyses of variance (ANOVA) were conducted to analyze
the differences in bowel symptoms from participants with
different sociodemographic characteristics. Two-way ANOVA
was used to analyze the interaction of different foods on bowel
symptoms. Univariate analysis and multiple stepwise regression
were used to analyze the dietary-influencing factors of different
bowel symptoms.

Ethical Considerations
Ethical approval for the study was granted by the Ethics
Committee of ZhongShan Hospital, Fudan University (B2019-
318R).

RESULTS

Participants’ General Information
Finally, 178 questionnaires were collected, and incomplete
questionnaires or all entries with the same answer were
excluded. A total of 169 questionnaires were accepted, and the
questionnaire response efficiency was 94.9%.

The sociodemographic data and the treatment information
of the participants are presented in Table 1. The participants’
mean age was 60.57 years (SD = 11.396), and the majority
of them were male (64.5%), aged over 60 years old (52.1%),
and had poor or moderate family income (79.3%). A total of
60.3% of the participants had retired, and most participants
had not entered college to obtain a bachelor’s degree or higher
(82.6%). The vast majority of participants experienced light labor
intensity in their daily lives (86.8%). Most participants did not
have the habit of smoking tobacco (59.5%) or consuming alcohol
(80.2%) in the past 3 years. The length of time since surgery was
from 2 to 13 months, and most participants underwent robotic
anterior resection (89.3%). A total of 85.1% of them received
chemotherapy, and 46.3% of them received radiotherapy after
surgery until the time of this investigation. The average distance
between the anal and low margins of the tumor ranged from 3
to 16 cm. The length of the bowel removed ranged from 6 to
18 cm.

Scores of the C-MSKCC and Its Three
Subscales
The mean score of the C-MSKCC was 62.60 (SD = 6.031), while
the mean score of the subscale of frequency and urgency of

TABLE 2 | Scores of C-MSKCC and its three subscales.

Mean ± SD Entry Score/item

Mskcc-questionnaire total score 62.60 ± 6.031 18 3.48

Frequency-subscale 35.73 ± 4.771 10 3.57

Dietary factors-subscale 13.83 ± 2.052 4 3.46

Feeling of defecation-subscale 13.04 ± 1.864 4 3.26

TABLE 3 | Two-way ANOVA of interaction effect between different foods on bowel

symptoms.

F P R2 Adjusted R2

General bowel function

Fruits 7.671 <0.001 0.318 0.206

Milk products 0.048 0.986

Fruits*milk products 2.419 0.020

Abnormal feeling of defecation

Cereals 2.616 0.055 0.319 0.207

Milk products 2.452 0.068

Cereals*Milk products 3.463 0.002

Abnormal feeling of defecation

Fruits 5.679 0.001 0.276 0.148

Milk products 6.825 <0.001

Fruits*Milk products 2.054 0.047

Abnormal feeling of defecation

Nuts and beans 0.581 0.629 0.258 0.127

Milk products 3.445 0.020

Nuts and beans*Milk products 2.473 0.017

Abnormal feeling of defecation

Livestock and poultry meats 0.885 0.451 0.213 0.065

Nuts and beans 0.265 0.850

Livestock and poultry meats*nuts and beans 2.055 0.041

Two-way ANOVA analysis have all been conducted after the adjustment of age, status of

radiotherapy, distance between the margin of anal and tumor, consumption of energy.

TABLE 4 | Regression analysis of diet consumption on general bowel function.

Variable B SE t p

Constant 70.941 1.458 48.640 <0.001

Protein −1.941 0.439 −4.425 <0.001

Fruit −1.418 0.439 −3.233 0.002

R2 = 0.24, adjusted R2 = 0.227, F = 18.666.

defecation was 35.73 (SD= 4.771), the mean score of the subscale
of effects of diet on defecation was 13.839 (SD = 2.052), and the
mean score of the subscale of abnormal feeling of defecation was
13.04 (SD = 1.864). The means and standard deviations of the
Chinese version of theMSKCC bowel function scale and the three
subscales are shown in Table 2.
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FIGURE 1 | The association of stratified quintiles of consumption of fruits with general bowel function.

Analysis of General and Clinical Factors
Influencing Bowel Function
The results showed significant differences (p < 0.05) in age,
distance between anal tissue and the tumor, timing after surgery,
and radiotherapy status, which are shown in Table 1.

Two-way ANOVA of Interaction Effect
Between Different Foods on Bowel
Symptoms
Two-way ANOVA was conducted to explore the effect of
interaction among different types of foods on bowel symptoms.
After adjustment for other confounding factors, two-way
ANOVA showed a significant interaction effect between milk
products and fruits for the general bowel function (p = 0.02),
the interaction effect between fruits and milk products was
significant for abnormal feeling of defecation (p = 0.047),
the interaction effect between cereals and milk products was
significant for abnormal feeling of defecation (p = 0.002), the
interaction effect between nuts and beans and milk products
was significant for abnormal feeling of defecation (p = 0.017),
and the interaction effect between livestock and poultry meat

and nuts and beans was significant for abnormal feeling of
defecation (p = 0.041). The interaction effect between different
foods for the frequent and urgent defecation and for the
effects of diet on defecation was not significant (p > 0.05)
(Table 3).

Regression Analysis of Diet Consumption
on General Bowel Function
Multivariate regression analysis was conducted with the C-
MSKCC score, the frequency and urgency of defecation score,
the effects of diet on defecation score, and the abnormal feeling
of defecation score as the dependent variables. Quantiles of food
components and the interaction between foods which showed
significant effect for general bowel function were entered as
independent variables. After adjusting the confounding factors,
the regression results showed that protein consumption (β
= −1.941, p < 0.01) and fruit consumption (β = −1.418,
p < 0.01) had significant main effects on the C-MSKCC
score, and the regression results showed an R2 of 22.7%,
indicating that protein consumption and fruit consumption
could explain 22.7% of the variance in general bowel function
(Table 4).
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FIGURE 2 | The association of stratified quintiles of consumption of protein with general bowel function.

As to the association of stratified quintiles of consumption
of food components with bowel function, the lowest quantile of
fruit intake (0–152 g/day) led to the best general bowel function
(Figure 1), and the lowest quantile of protein intake of 0–85
g/day led to the best general bowel function (Figure 2).

Regression Analysis of Diet Consumption on the

Experience of Frequent and Urgent Defecation
The regression results showed that protein consumption (β
= −1.468, p < 0.01) and fruit consumption (β = −1.022,
p < 0.01) had significant main effects on the frequent and
urgent defecation experience, and the regression results showed
an R2 of 24%, indicating that protein consumption and fruit
consumption could explain 24% of the variance in the experience
of frequent and urgent defecation (Table 5). As to the association
of stratified quintiles of consumption of food components with
bowel function, the lowest quantile of fruit intake (0–152 g/day)
led to the least symptoms of frequent and urgent defecation
(Figure 3), and the lowest quantile of protein intake of 0–85
g/day led to the least symptoms of frequent and urgent defecation
(Figure 4).

TABLE 5 | Regression analysis of diet consumption on experience of frequent and

urgent defecation.

Variable B Beta t p

Constant 39.744 1.664 23.879 <0.001

Protein −1.468 0.347 −4.232 <0.001

Fruit −1.022 0.345 −2.964 0.004

R2 = 0.259, adjusted R2 = 0.240, F = 13.598.

Regression Analysis of Diet Consumption on the

Effects of Diet on Defecation
The regression results showed that cholesterol consumption (β
= −0.541, p < 0.01) was a significant main factor affecting the
effects of diet on the defecation score, and the regression results
showed an R2 of 7.7%, indicating that cholesterol consumption
could explain 7.7% of the variance in the effects of diet on
defecation (Table 6). As to the association of stratified quantiles
of consumption of food components with bowel function, the
quantile of cholesterol intake of 349–497 mg/day led to the least
symptoms caused by diet (Figure 5).
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FIGURE 3 | The association of stratified quintiles of consumption of fruits with frequent and urgent defecation.

Regression Analysis of Diet Consumption on

Abnormal Feelings of Defecation
The regression results showed that the interaction between
cereals and milk products (β = 0.113, p < 0.01) and fruit
consumption (β =−0.333, p < 0.05) had significant main effects
on the abnormal feeling of defecation score, and the regression
results showed an R2 of 8.1%, indicating that the interaction
between cereals and milk products and fruit consumption could
explain 8.1% of the variance in general bowel function (Table 7).

As to the association of stratified quintiles of consumption of
food components with bowel function, the lowest quantile of fruit
intake of 0–152 g/day led to the least symptoms of abnormal
feeling of defecation (Figure 6). The association of interaction
between cereals and milk products with abnormal feeling of
defecation is shown in Figure 7.

DISCUSSION

Diet was considered as an important factor that had certain
effects on bowel symptoms in past studies. The qualitative
method was used most commonly in past studies in which

patients’ experience reflected by themselves was the main
evidence to explore the relationship between diet and bowel
symptoms (16, 19). In this study, the status of defecation
dysfunction and the consumption of food components
were assessed separately by specific questionnaires, and the
direct relationship between the consumption of specific food
components and bowel symptoms was first identified and
analyzed among patients after sphincter-saving surgery.

In this study, the fat consumption of patients after sphincter-
saving surgery did not show a significant relationship with
frequent and urgent defecation, which is not consistent with
the results in past studies. High fiber and low fat were
the most common patterns of diet modification applied by
patients, which was reported in past studies (15, 19, 20).
The qualitative research conducted by Sun et al. showed
that patients after sphincter-saving surgery reported that
food rich in fat could aggravate diarrhea (15); another two
studies focusing on the incontinence symptoms of patients
reflected that greasy and fried foods were the most common
types of food aggravating the burden of fecal incontinence
(19, 20).

Frontiers in Medicine | www.frontiersin.org 8 June 2021 | Volume 8 | Article 642574

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Liu et al. Dietary Effects on Defecation Dysfunction

FIGURE 4 | The association of stratified quintiles of consumption of protein with frequent and urgent defecation.

TABLE 6 | Regression analysis of diet consumption on the effects of diet on

defecation.

Variable B Beta t P

Constant 15.146 0.436 34.737 <0.001

Cholesterol −0.541 0.160 −3.320 0.001

R2 = 0.085, adjusted R2 = 0.077, F = 11.023.

Protein was also shown in the multivariate analysis to be an
important influential factor of the bowel function of patients.
General bowel function and the symptom of frequent and
urgent defecation would be significantly worse if patients took
in more protein in a daily diet. However, the effect of protein
consumption was mixed and inconsistent among different
patients in the study of Crosswell et al. Among the 188 patients
with symptoms of fecal continence, 8.6% tried to control fecal
continence by reducing the amount of protein consumed in their
diets, while 1.6% tried to control fecal continence by taking in
more foods rich in protein. The definitive relationship between

protein intake and bowel symptoms needs to be identified in
future studies (20).

Themultivariate analysis results showed that the consumption
of fruit had a direct effect on bowel symptoms, including frequent
and urgent defecation, abnormal feeling of defecation, and
general bowel function. This study also revealed that a higher
consumption of fruit led to more obvious bowel symptoms,
especially more frequent and urgent defecation andmore obvious
abnormal feeling of defecation. This effect of fruits was consistent
with several past studies conducted by Taylor et al. (16) and
Crosswell et al. (20). Taylor et al. pointed out that the skins
and peels of fruits that were rich in insoluble fiber resulted in
defecation dysfunction by causing more frequent bowel motions.
Crosswell et al. found that 55% of adults perceived that some

foods worsened their fecal continence, and 11.2% of adults

reflected that some fruits, such as raisins, had the effect of

aggravating fecal continence. However, mixed effects of fruits
on fecal continence were also found in this study, and 8.5%
of adults tried to reduce or prevent fecal continence by eating
apples, grapes, bananas, and raisins. These mixed effects were
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FIGURE 5 | The association of stratified quintiles of consumption of cholesterol with effects of diet on defecation.

also reflected in another qualitative study conducted by Sun et
al. (15). The interview results showed that some food categories,
such as vegetables and fruits, were reported as being harmful
by some survivors but helpful by others. The mixed effects
might be caused by two reasons. The first reason was that the
results emerged from patients’ experiences and feelings, and the
preference degree of fruits in daily lives was different among
different patients, causing the discrepancy both in types of foods
taken in by patients and in the feedback of the effects of the fruit
group on bowel symptoms; for another reason, the component
ratio of different fruits was not the same, so differences in
the effects of fruit on defecation existed for different types
of food.

In addition to fruit affecting bowel symptoms, the components
of fruit are also considered to play an important role in patients’
bowel symptoms. Although evidence of the relationship between
different food components and bowel symptoms after sphincter-
saving surgery is still scarce, fiber has been confirmed by

many researchers to be an important factor affecting defecation,

especially because it could directly affect fecal continence.
The large prospective cohort study conducted by Staller et al.

TABLE 7 | Regression analysis of diet consumption on the abnormal feelings of

defecation.

Variable B Beta t p

Constant 13.227 30.844 <0.001

Cereals*milk products 0.113 0.263 2.985 0.003

Fruits −0.333 −0.146 −2.281 0.024

R2 = 0.097, adjusted R2 = 0.081, F = 6.304.

The regression analysis have all been conducted after the adjustment of age, status of

radiotherapy, distance between the margin of anal and tumor, consumption of energy.

showed that compared with the rate of fecal continence of
participants consuming 13 g of fiber per day, the rate of fecal
continence among participants consuming 25 g of fiber per
day decreased by 18% (12). The researcher pointed out that
postoperative patients with colorectal cancer were also included
in the whole sample, and this conclusion could be deducted
to these populations. This relationship was also shown in a
phenomenology study conducted by Hansen et al. (19), in which
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FIGURE 6 | The association of stratified quintiles of consumption of fruits with abnormal feeling of defecation.

one-to-one interviews were separately conducted with 10 women
who suffered from fecal continence, and the results showed
that more than half of these women mentioned that high-fiber
foods or fiber supplements were helpful in controlling fecal
incontinence. On the other hand, some researchers reported that
a lower amount of fiber could lead to fewer bowel symptoms,
especially among patients after pelvic radiotherapy (21). The
different effects caused by fiber were considered to be related
to the type of fiber ingested. The study of Bliss et al. of
community-living adults with fecal incontinence showed that
supplementation with soluble dietary fiber improves the water-
holding capacity of stool solids, the consistency of stools, and
fecal incontinence (22). In contrast, insoluble fiber derived
from foods such as fruit peels may exacerbate diarrhea and
bloating, which was also reported in the investigation of Taylor
et al. (16). In this study, the relationship between fiber and
bowel symptoms was not significant, which may be because
we only considered the total consumption of fiber, and these
two different types of fiber with different functions were not
assessed and analyzed separately. More studies aiming to further
analyze the specific effects of the two types of fiber on the

defecation of patients after sphincter-saving surgery are needed
in the future.

The consumption of cholesterol was also found to have
a significant effect on effects of diet on defecation. As the
consumption of cholesterol increased, the effects of diet on
defecation became more obvious. Cholesterol mainly existed in
foods of animal origin like beef, pork, egg yolk, milk products,
and so on. There was limited evidence related to the relationship
between cholesterol and bowel function among rectal cancer
patients after sphincter-saving surgery. According to previous
research, some patients chose to control bowel symptoms after
surgery by cutting down the consumption of meat (15, 16). The
research of Sun et al. indicated that milk products were reflected
to have the possibility of aggravating bowel symptoms and 7.9%
of patients chose to avoid taking milk products after sphincter
surgery (15). More research is needed in the future to identify the
specific relationship between the consumption of foods rich in
cholesterol and bowel symptoms after sphincter-saving surgery.

Diet modification was chosen as the first choice for patients to
manage bowel symptoms, and trial and error is the main method
applied by patients, leading to some problems and barriers in
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FIGURE 7 | The association of interaction between cereals and milk products with abnormal feeling of defecation.

the process of modification. In the qualitative study of Hansen
et al. (19), diet modification was found to be uncontrolled and
not evidenced, resulting in the possible consequences of an
imbalanced diet, micronutrient deficiency, and protein-calorie
malnutrition. This study also reported the lack of therapeutic
guidance regarding diet modification among patients with fecal
incontinence. This was consistent with the results of the study
of Bours et al. (23), which showed that among 1,458 colorectal
patients, only 17% had been given dietary information support.
In study of Nikoletti et al. (13), 55% of patients after sphincter-
saving surgery reflected that diet-related information was in
greatest need, and clearly, written information about the possible
effects of diet and diet supplements along with guidelines on
how to identify problem foods was also needed among rectal
patients after surgery. Without proper diet modification, patients
reported that their quality of life was worse (15). Therefore,
nursing programs aimed at providing scientific guidance on
dietary modification need to be established in future studies.

The study has several limitations. First, it was a cross-
sectional study that made it difficult to attribute causality to
the relationships among these factors, and it cannot provide
information on the dynamic changes in food consumption
and bowel symptoms of patients after sphincter-saving
surgery. Second, the sample size was relatively small, and

patients with rectal cancer were all recruited from only one
tertiary hospital, which might limit the generalization of
the findings. Third, the effects of medical data and other
social–psychological factors on food consumption and
bowel symptoms were not fully considered in this study.
In the future, multicenter longitudinal studies that include
comprehensive relevant factors should be conducted to verify
our results.

CONCLUSIONS

This study was the first to explore the relationships among
the consumption of different food components and bowel
symptoms after sphincter-saving surgery. In this study, the
consumption of fruit, cholesterol, and protein and the interaction
of cereals and milk products were linked with general
bowel symptoms. These findings provide evidence for medical
staff to further develop scientific dietary education programs
to relieve bowel symptoms in the future. Considering the
mixed effects of certain foods on bowel symptoms in other
studies, more research is needed to explore the causal
relationship among specific food components and bowel
symptoms; meanwhile, the mechanisms of the effects of different
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food components on bowel symptoms among patients after
sphincter-saving surgery need to be studied and identified in
future studies.

DECLARATION

The lead author affirms that this manuscript is an honest,
accurate, and transparent account of the study being reported.
The lead author affirms that no important aspects of the study
have been omitted and that any discrepancies from the study as
planned and the study was approved by the Ethics Committee of
School of Nursing of Fudan University.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from
the corresponding author upon reasonable request.

ETHICS STATEMENT

This study was approved by Ethics Committee of Zhongshan
Hospital, Fudan University (No: B2019-318R). The

patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

HX was responsible for the organization of the manuscript and
the study design. WL was responsible for the majority of the
draft writing. JX and YZ contributed the data collection in
this manuscript. HL was responsible for the study conception
and made critical modification and revisions for the draft.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by grants from the Fudan University
Nursing Foundation, No. FNF201920.

ACKNOWLEDGMENTS

The authors sincerely thank for the participation of all
the patients.

REFERENCES

1. Bray F, Ren JS, Masuyer E, Ferlay J. Global estimates of cancer prevalence

for 27 sites in the adult population in 2008. Int J Cancer. (2013) 132:1133–

45. doi: 10.1002/ijc.27711

2. Wen DG, Zou WD, Wen XD, Yang Y, Chen YT, He YT, et al. Urban–rural

disparity in colorectal cancer incidence and increasing trend in relation to

socioeconomic development and urbanization in China. J Int Med Res. (2018)

46:4181–96. doi: 10.1177/0300060518791090

3. Zampiano MG, Labianca R, Beretta GD, Magni E, Gatta G, Leonardi

MC, et al. Rectal cancer. Crit Rev Oncol Hematol. (2008) 70:160–

82. doi: 10.1016/j.critrevonc.2008.10.010

4. National Comprehensive Cancer Network [NCCN]. NCCN Clinical Practice

Guidelines in Oncology. Available online at: www.NCCN.org/patients

(accessed March 20, 2016).

5. Bohm G, Kirschner-Hermanns R, Decius A, Heussen N, Schumpelick V,

Willis S. Anorectal, bladder, and sexual function in females following

colorectal surgery for carcinoma. Int J Colorectal Dis. (2008) 23:893–

900. doi: 10.1007/s00384-008-0498-9

6. Maris A, Penninckx F, Devreese AM, Staes F, Moons P, Van Cutsem E, et al.

Persisting anorectal dysfunction after rectal cancer surgery. Colorectal Dis.

(2013) 15:e672–9. doi: 10.1111/codi.12291

7. Bryant CLC, Lunniss PJ, Knowles CH, Thaha MA, Chan CLH.

Anterior resection syndrome. Lancet Oncol. (2012) 13:e403–

8. doi: 10.1016/S1470-2045(12)70236-X

8. Bruheim K, Guren MG, Skovlund E, Hjermstad MJ, Dahl O, Frykholm G, et

al. Late side effects and quality of life after radiotherapy for rectal cancer. Int J

Radiat Oncol Biol Phys. (2010) 76:1005–11. doi: 10.1016/j.ijrobp.2009.03.010

9. Department of Health. Quality of Life of Cancer Survivors in England: Report

on a Pilot Survey Using Patient Reported Outcome Measures (PROMS). (2012).

Available online at: http://tinyurl.com/ nach55o (accessed June 10, 2013).

10. Pucciani F. A review on functional results of sphincter-saving surgery for

rectal cancer: the anterior resection syndrome. Updat Surg. (2013) 65:257–

63. doi: 10.1007/s13304-013-0220-5

11. Yin L, Fan L, Tan RF, Yang GJ, Jiang FL, Zhang C, et al. Bowel

symptoms and self-care strategies of survivors in the process of restoration

after low anterior resection of rectal cancer. BMC Surg. (2018) 18:35–

40. doi: 10.1186/s12893-018-0368-5

12. Staller K, Song MY, Grodstein F, Whitehead WE, Matthews CA, Kuo B, et

al. Increased long-term dietary fiber intake is associated with a decreased

risk of fecal incontinence in older women. Gastroenterology. (2018) 155:

661–7. doi: 10.1053/j.gastro.2018.05.021

13. Nikoletti S, Young J, Levitt M, King M, Chidlow C, Hollingsworth S. Bowel

problems, self-care practices, and information needs of colorectal cancer

survivors at 6 to 24 months after sphincter-saving surgery. Cancer Nurs.

(2008) 31:389–98. doi: 10.1097/01.NCC.0000305759.04357.1b

14. Landers M, McCarthy G, Savage E. Bowel symptom experiences

and management following sphincter saving surgery for rectal

cancer: a qualitative perspective. Eur J Oncol Nurs. (2012)

16:293–300. doi: 10.1016/j.ejon.2011.07.002

15. Sun V, Grant M, Wendel CS, McMullen CK, Bulkley JE, Altschuler A, et

al. Dietary and behavioral adjustments to manage bowel dysfunction after

surgery in long-term colorectal cancer survivors. Ann Surg Oncol. (2015)

22:4317–24. doi: 10.1245/s10434-015-4731-9

16. Taylor C, Bradshaw E, Walker J, Wood T. Nursing intervention to improve

bowel function after rectal cancer treatment. Gastrointest Nurs. (2013) 11:16–

23. doi: 10.12968/gasn.2013.11.5.16

17. Temple LK, Bacik J, Savatta SG, Gottesman L, Paty PB, Weiser MR, et al.

The development of a validated instrument to evaluate Bowel function after

sphincter-preserving surgery for rectal cancer. Dis Colon Rectum. (2005)

48:1353–65. doi: 10.1007/s10350-004-0942-z

18. Hou XT, Pang D, Lu Q, Tian SH, Zhou YJ. Reliability and validity of

the MSKCC Bowel Function Instrument in a sample of Chinese rectal

cancer patients undergoing sphincter-preserving surgery. Chin J Nurs.

(2014) 49:1453. doi: 10.3761/j.issn.0254-1769.2014.12.009

19. Hansen JL, Bliss DZ, Peden-McAlpine C. Diet strategies used by women

to manage fecal incontinence. J Wound Ostomy Cont. (2006) 33:52–

62. doi: 10.1097/00152192-200601000-00007

20. Crosswell E, Bliss DZ, Savik K. Diet and eating pattern modifications used

by community living adults to manage their fecal incontinence. J Wound

Ostomy Continence Nurs. (2010) 37:677–82. doi: 10.1097/WON.0b013e3181

feb017

21. McGough C, Baldwin C, Frost G, Andreyev HJN. Role of nutritional

intervention in patients treated with radiotherapy for pelvic

malignancy. Br J Cancer. (2004) 90:2278–87. doi: 10.1038/sj.bjc.

6601868

Frontiers in Medicine | www.frontiersin.org 13 June 2021 | Volume 8 | Article 642574

https://doi.org/10.1002/ijc.27711
https://doi.org/10.1177/0300060518791090
https://doi.org/10.1016/j.critrevonc.2008.10.010
http://www.NCCN.org/patients
https://doi.org/10.1007/s00384-008-0498-9
https://doi.org/10.1111/codi.12291
https://doi.org/10.1016/S1470-2045(12)70236-X
https://doi.org/10.1016/j.ijrobp.2009.03.010
http://tinyurl.com/
https://doi.org/10.1007/s13304-013-0220-5
https://doi.org/10.1186/s12893-018-0368-5
https://doi.org/10.1053/j.gastro.2018.05.021
https://doi.org/10.1097/01.NCC.0000305759.04357.1b
https://doi.org/10.1016/j.ejon.2011.07.002
https://doi.org/10.1245/s10434-015-4731-9
https://doi.org/10.12968/gasn.2013.11.5.16
https://doi.org/10.1007/s10350-004-0942-z
https://doi.org/10.3761/j.issn.0254-1769.2014.12.009
https://doi.org/10.1097/00152192-200601000-00007
https://doi.org/10.1097/WON.0b013e3181feb017
https://doi.org/10.1038/sj.bjc.6601868
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Liu et al. Dietary Effects on Defecation Dysfunction

22. Bliss DZ, Savik K, Jung HJ, Whitebird R, Lowry A, Sheng XY.

Dietary fiber supplementation for fecal incontinence: a randomized

clinical trial. Res Nurs Health. (2014) 37:367–78. doi: 10.1002/nur.

21616

23. Bours MJ, Beijer S, Winkels RM, van Duijnhoven FJ, Mols F,

Breedveld-Peters JJ. Dietary changes and dietary supplement use,

and underlying motives for these habits reported by colorectal

cancer survivors of the Patient Reported Outcomes Following Initial

Treatment and Long-Term Evaluation of Survivorship (PROFILES)

registry. Br J Nutr. (2015) 4:286–96. doi: 10.1017/S00071145150

01798

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Liu, Xu, Zhang, Lu and Xia. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 14 June 2021 | Volume 8 | Article 642574

https://doi.org/10.1002/nur.21616
https://doi.org/10.1017/S0007114515001798
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	The Relationship Between Food Consumption and Bowel Symptoms Among Patients With Rectal Cancer After Sphincter-Saving Surgery
	Introduction
	Methods
	Study Design
	Setting and Participants
	Research Tools
	General Information Questionnaire
	Clinical Information Questionnaire
	Memorial Sloan Kettering Cancer Center's Bowel Function Scale—Chinese Version
	Food Frequency Questionnaire

	Statistical Analysis
	Ethical Considerations

	Results
	Participants' General Information
	Scores of the C-MSKCC and Its Three Subscales
	Analysis of General and Clinical Factors Influencing Bowel Function
	Two-way ANOVA of Interaction Effect Between Different Foods on Bowel Symptoms
	Regression Analysis of Diet Consumption on General Bowel Function
	Regression Analysis of Diet Consumption on the Experience of Frequent and Urgent Defecation
	Regression Analysis of Diet Consumption on the Effects of Diet on Defecation
	Regression Analysis of Diet Consumption on Abnormal Feelings of Defecation


	Discussion
	Conclusions
	Declaration
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


