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Abstract

IMPORTANCE Colorectal cancer (CRC) survivors frequently report bowel-related symptoms, but
longitudinal data are scarce and diet has not been extensively investigated in relation to bowel-
related symptoms.

OBJECTIVE To investigate the prevalence of bowel-related symptoms as well as their association
with dietary fiber intake until 5 years after CRC diagnosis.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study using data from the
Colorectal Cancer: Longitudinal, Observational Study on Nutritional and Lifestyle Factors (COLON)
study included CRC survivors with stage |-V disease recruited at diagnosis from 11 hospitals in the
Netherlands between August 2010 and February 2020. CRC survivors were followed up until 5 years
after diagnosis. Data were analyzed between April 2024 and March 2025.

EXPOSURES Clinical data including CRC treatment strategy, retrieved from hospital records and
national registries, and habitual dietary fiber intake, assessed by a food frequency questionnaire, at
6 months, 2 years, and 5 years after CRC diagnosis.

MAIN OUTCOMES AND MEASURES Prevalence of self-reported diarrhea, constipation, flatulence
or bloating, frequent stools, mucus in stools, or false urgency at 6 months, 2 years, and 5 years after
diagnosis, obtained via a questionnaire. The validated European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) was also used to
evaluate prevalence of moderate-to-severe diarrhea or constipation and health-related quality of life
(HRQOL) at these time points. Odds ratios (ORs) for associations between fiber intake and bowel-
related symptoms (yes or no) were calculated using multivariable logistic regression.

RESULTS Among 1751 CRC survivors who underwent surgery and were included in the analysis,
median age at diagnosis was 66 years (IQR, 61-71years), and 1115 (63.7%) were men. Bowel-related
symptoms were reported by 817 of 1751 survivors (46.7%) at 6 months, 614 of 1511 (40.6%) at 2
years, and 290 of 812 (35.7%) at 5 years after diagnosis. At 6 months after diagnosis, symptoms were
predominantly reported by survivors who had received chemotherapy (260 of 446 [58.3%]).
whereas symptoms at 2 and 5 years occurred mostly in those who received radiotherapy (86 of 160
[53.8%] at 2 years and 47 of 92 [51.1%] at 5 years). Of the studied bowel-related symptoms, diarrhea
was associated with the lowest HRQOL score (B, -9.6; 95% Cl, -14.0 to -5.2) at 5 years after
diagnosis. In multivariable logistic regression analyses, higher fiber intake (per 10-g/d increment) was
associated with a significantly lower prevalence of moderate-to-severe diarrhea at 6 months (OR,
0.44; 95% Cl, 0.28-0.70) and 2 years (OR, 0.53; 95% Cl, 0.30-0.94) after diagnosis, but the
association was not statistically significant at 5 years (OR, 0.43; 95% Cl, 0.16-1.13).

(continued)

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points

Question What is the prevalence of
bowel-related symptoms and the
association between dietary fiber intake
and these symptoms up to 5 years after
colorectal cancer (CRC) diagnosis?

Findings In this cohort study of 1751
CRC survivors, the prevalence of bowel-
related symptoms was 47% at 6
months, 41% at 2 years, and 36% at 5
years after CRC diagnosis. Higher dietary
fiber intake was associated with a lower

prevalence of diarrhea.

Meaning The finding of prevalent long-
term bowel-related symptoms in CRC
survivors suggests a need for symptom
management, with a potential role for

dietary fiber intake.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this cohort study of CRC survivors, the prevalence of bowel-
related symptoms was considerably high during the 5 years after diagnosis, highlighting a need for
effective symptom management. Higher dietary fiber intake was associated with a lower prevalence
of diarrhea, suggesting a potential role of diet in management of bowel-related symptoms in CRC
survivors.

JAMA Network Open. 2025;8(11):e2542147. doi:10.1001/jamanetworkopen.2025.42147

Introduction

Colorectal cancer (CRC) survivors frequently report bowel-related symptoms, such as diarrhea,
higher urgency or frequency of stools, constipation, or bloating."* Systematic literature reviews have
summarized evidence regarding bowel-related symptoms>® with a focus on symptoms related to
low anterior resection syndrome.>”® Longitudinal data on bowel-related symptoms in CRC survivors
and comparisons across various treatment modalities are scarce. Such studies are essential to gain
insight into patterns of bowel-related symptoms over time and identify which survivors are at highest
risk of those symptoms.®°

Some factors associated with bowel-related symptoms, such as rectal tumors, receiving
radiotherapy, or low anterior resection, are well established.>®'°" However, little is known about the
potential role of lifestyle in relation to bowel-related symptoms. Lifestyle adjustments, including
dietary changes, tend to be welcomed by CRC survivors to manage their bowel-related symptoms,
but to our knowledge, no evidence-based interventions are available.”'* CRC survivors often report
that they increase intake of dietary fiber as a self-care strategy to manage bowel-related
symptoms.'™ " Furthermore, higher fiber intake has been associated with improved stool patterns
and fewer bowel-related symptoms in the general population,'®?' making dietary fiber a promising
lifestyle factor to investigate in relation to bowel-related symptoms in CRC survivors.

In this study, we evaluated the prevalence of self-reported bowel-related symptoms at 6
months, 2 years, and 5 years after diagnosis in a large prospective cohort of CRC survivors.
Stratification based on type of treatment, including surgery type, was performed to investigate
symptoms across treatment modalities. Additionally, we investigated whether fiber intake was
associated with bowel-related symptoms. Associations between bowel-related symptoms and
health-related quality of life (HRQOL) were explored to highlight the potential relevance for clinical
practice.

Methods

Patients

This cohort study used data from the Colorectal Cancer: Longitudinal, Observational Study on
Nutritional and Lifestyle Factors (COLON) study,?? a prospective cohort study among CRC survivors
providing detailed data on dietary intake and other lifestyle factors as well as clinical outcomes (more
details are in the eMethods in Supplement 1). We included all CRC survivors with stage |-V disease
recruited at diagnosis from 11 hospitals in the Netherlands between August 2010 and February 2020
who underwent surgery and excluded those who did not undergo surgery, had missing data on
surgery status, or had missing data on bowel-related symptoms to result in the final study population
of survivors (eFigure 1in Supplement 1). The COLON study was approved by the Committee on
Research involving Human Subjects, region Arnhem-Nijmegen, the Netherlands. All participants
provided written informed consent. Because this study examined exposures and outcomes based on
the data of the COLON study in line with the aims that were formulated in the protocol approved by
the medical-ethical committee and the informed consent signed by participants, no further approval
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of this study was necessary. The study followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines.

Bowel-Related Symptoms and HRQOL

Data on bowel-related symptoms were obtained via a questionnaire that was provided at 6 months,
2 years, and 5 years after diagnosis. In this questionnaire, the following question was included: “Do
you experience any symptoms as a result of your treatment?” Participants could indicate (yes or no)
whether they experienced diarrhea, constipation, flatulence or bloating, frequent stools, mucus in
stools, and/or a false sense of urgency to defecate (hereafter shortened to false urgency) resulting
from their CRC treatment. We defined having any bowel-related symptoms as the report of at least 1
of these symptoms. HRQOL at diagnosis and all follow-up time points was assessed using the
validated European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire
Core 30 (EORTC QLQ-C30),%® which is described in more detail in the eMethods in Supplement 1.

Clinical Data and Sociodemographic and Lifestyle Factors

Hospital records and linkage with the Dutch ColoRectal Audit?* and Netherlands Cancer Registry
were used to obtain clinical data, including treatment strategy (surgery alone or surgery combined
with chemotherapy, radiotherapy, or both) and resection type (hemicolectomy, sigmoid resection,
low anterior resection, or abdominoperineal resection). Data on sociodemographic and lifestyle
factors were obtained via questionnaires completed at diagnosis and 6 months, 2 years, and 5 years
after diagnosis. At these time points, habitual dietary fiber intake was assessed using a 204-item
food-frequency questionnaire.?>2° Details are included in the eMethods in Supplement 1.

Statistical Analysis

Characteristics of participants are presented as medians and IQRs or numbers and percentages. To
investigate whether fiber intake (per 10-g/d increment) was associated with bowel-related
symptoms, we performed multivariable logistic regression analyses to calculate odds ratios (ORs)
and 95% Cls. Multivariable models were constructed for each time point (6 months, 2 years, and 5
years after diagnosis) with adjustment for relevant confounders as described in the eMethods in
Supplement 1.

Associations between dietary fiber intake and moderate-to-severe diarrhea and constipation
were further investigated using the validated EORTC QLQ-C30. Multivariable logistic regression
analyses were performed to investigate associations between fiber intake (per 10-g/d increment)
and prevalence of moderate-to-severe diarrhea or constipation, defined as a questionnaire response
of yes (indicated by a self-report of “quite a bit" or “very much”) vs no, for each time point (at
diagnosis and 6 months, 2 years, and 5 years after diagnosis). ORs and 95% Cls were calculated with
adjustment for relevant confounders in the same way as described earlier. We also ran models further
adjusted for occurrence of moderate-to-severe diarrhea or constipation at diagnosis. Additionally,
complete-case analyses were performed, including only participants with data on bowel-related
symptoms at all time points.

Associations between bowel-related symptoms (categorical [yes or no]) and HRQOL
(continuous) were examined using multivariable linear regression. Regression coefficients (B) and
95% Cls were calculated for each time point (6 months, 2 years, and 5 years after diagnosis).
Analyses were adjusted for sex, age at diagnosis, tumor location, and current stoma. Analyses for
specific bowel-related symptoms were mutually adjusted for prevalence of the other symptoms.

Analyses were performed between April 2024 and March 2025 using R, version 4.2.1 (R Project
for Statistical Computing). GraphPad Prism, version 9.4.1 (GraphPad Software), was used for
visualization purposes. ORs with 95% Cls not containing 1 or B coefficients with 95% Cls not
containing O were considered statistically significant.
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Results

Of 2113 CRC survivors in the COLON study, we excluded 26 who did not undergo surgery and 17 who
had missing data on surgery status. Of the remaining 2070 participants who underwent surgery,
2038 (98.5%) were alive at 6 months, 1921 (92.8%) at 2 years, and 1719 (83.0%) at 5 years after
diagnosis (eFigure 1in Supplement 1). Reflecting the percentage of questionnaires returned from
participants still alive at each time point, data on bowel-related symptoms were available for 1751
(85.9%) of those alive at 6 months and 1511 (78.7%) of those alive at 2 years. At the start of data
analyses, 226 of the 1719 participants surviving to 5 years (13.1%) had not yet reached the 5-year time
point; thus, of the remaining 1493 (86.9%), data were available for 812 (54.4%) at 5 years after
diagnosis (eFigure 1in Supplement 1). Median age at diagnosis was 66 years (IQR, 61-71 years); of the
1751 survivors with bowel-related symptom data at 6 months, 1115 (63.7%) were men and 636
(36.3%) were women, and 1174 (68.2%) of 1721 with available data on tumor location were diagnosed
with colon cancer. Of the surviving participants with available symptom data at each time point,
bowel-related symptoms were reported by 817 (46.7%) at 6 months, 614 (40.6%) at 2 years, and
290 (35.7%) at 5 years after diagnosis (Figure 1A). Characteristics of survivors with and without
bowel-related symptoms are reported in Table 1. Survivors with a current stoma reported bowel-
related symptoms less often at all time points compared with those without a stoma (eTable 1in
Supplement 1).

Persistence of bowel-related symptoms over time is shown in Figure 1B. Of the participants with
available symptom data, approximately a quarter consistently reported bowel-related symptoms
between 6 months and 2 years (407 of 1494 [27.2%]) and between 2 years and 5 years (199 of 802
[24.8%]) after diagnosis. A substantial number of participants developed symptoms over time (200
of 1494 [13.4%] after 6 months and 91 of 802 [11.3%)] after 2 years after diagnosis).

Bowel-Related Symptoms and Treatment Strategy

When evaluating bowel-related symptoms by treatment strategy, divergent patterns were found for
CRC survivors who underwent (1) surgery only, (2) surgery and chemotherapy, (3) surgery and
radiotherapy, and (4) surgery and a combination of chemotherapy and radiotherapy (Figure 1C-E).
The prevalence of bowel-related symptoms at 6 months after diagnosis was highest in the survivors
who had received chemotherapy or were still receiving chemotherapy (260 of 446 [58.3%]). At 6
months after diagnosis, 166 of 430 participants receiving surgery and chemotherapy (38.6%) had
completed their chemotherapy. Prevalence of bowel-related symptoms was 169 of 264 (64.0%) in
those still undergoing chemotherapy and 83 of 166 (50.0%) in those who completed chemotherapy.
In contrast, bowel-related symptoms at 2 years and 5 years after diagnosis were most common in
survivors who received radiotherapy (86 of 160 [53.8%] at 2 years and 47 of 92 [51.1%] at 5 years).
Prevalence of bowel-related symptoms in those who received radiotherapy increased between 6
months and 2 years and remained stable between 2 years and 5 years after diagnosis, suggesting that
these symptoms may be late-onset adverse effects of treatment (Figure 1C-E).

Bowel-Related Symptoms and Resection Type

To verify whether bowel-related symptoms were more common in survivors who underwent low
anterior resection compared with other surgical procedures, we presented symptoms according to
surgical procedure (hemicolectomy, sigmoid resection, low anterior resection, and
abdominoperineal resection) and type of neoadjuvant and adjuvant treatment (eTable 2 in
Supplement 1). When comparing survivors exclusively receiving hemicolectomy with survivors
exclusively receiving low anterior resection, the prevalence of bowel-related symptoms was higher
in the latter group at 6 months (142 of 396 [35.9%)] vs 104 of 197 [52.8%]), 2 years (131 of 350
[37.4%] vs 88 of 176 [50.0%]), and 5 years (52 of 184 [28.3%] vs 40 of 91 [44.0%]) after diagnosis.
Prevalence of bowel-related symptoms at 2 years after diagnosis was higher among survivors who
also received radiotherapy (77 of 126 [61.1%]) or chemotherapy and radiotherapy (59 of 99 [59.6%])
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compared with survivors exclusively receiving low anterior resection (88 of 176 [50.0%]). This
pattern remained consistent at 5 years after diagnosis in those who had received radiotherapy (40 of
72 [55.6%]) and those who had received both chemotherapy and radiotherapy (40 of 63 [63.5%])
vs those who received a low anterior resection only (40 of 91[44.0%]). Prevalence of bowel-related
symptoms after a sigmoid resection was comparable with that after a hemicolectomy, whereas
symptoms were less common after an abdominoperineal resection compared with all other
resections (eTable 2 in Supplement 1). Complete-case analyses with participants who completed
questionnaires at all time points (795 [38.4%)] after excluding 2 patients with missing data on
treatment type) resulted in comparable findings (eTable 3 in Supplement 1).

Dietary Fiber Intake and Bowel-Related Symptoms

To study associations between dietary fiber intake and bowel-related symptoms, multivariable
logistic regression analyses were performed with adjustment for relevant sociodemographic, clinical,
and other lifestyle factors (Table 2). A higher fiber intake (per 10-g/d increment) was associated with

Figure 1. Prevalence and Persistence of Bowel-Related Symptoms Overall and by Type of Neoadjuvant and Adjuvant Treatment at 6 Months, 2 Years,
and 5 Years After Diagnosis Among Colorectal Cancer Survivors
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Table 1. Sociodemographic, Clinical, and Lifestyle Characteristics of CRC Survivors Reporting No or Any Bowel-Related Symptoms

Bowel-related symptoms?®

6 mo After diagnosis (n = 1751)

2 y After diagnosis (n = 1511)

5y After diagnosis (n = 812)

None (n = 934 Any (n = 817 None (n = 897 Any (n = 614 None (n = 522 Any (n =290
Characteristic [53.3%]) [46.7%]) [59.4%]) [40.6%]) [64.3%]) [35.7%])
Age at CRC diagnosis, median (IQR), y 67 (61-72) 65 (60-71) 67 (61-72) 65 (60-71) 67 (62-72) 65 (60-70)
Sex
Female 312 (33.4) 324 (39.7) 298 (33.2) 250 (40.7) 182 (34.7) 108 (37.2)
Male 622 (66.6) 493 (60.3) 599 (66.8) 364 (59.3) 340 (65.1) 182 (62.8)
Tumor location®
Colon 625 (68.2) 549 (68.3) 635(72.2) 375 (62.0) 376 (72.0) 171 (59.2)
Rectum 292 (31.8) 255 (31.7) 245 (27.8) 230 (38.0) 146 (28.0) 121 (40.8)
Cancer stage©
| 258 (28.5) 182 (22.8) 232(26.7) 166 (27.8) 149 (28.9) 73(25.7)
Il 249 (27.5) 205 (25.7) 245 (28.2) 158 (26.4) 162 (31.4) 69 (24.3)
1] 333(36.8) 364 (45.7) 360 (41.4) 243 (40.6) 188 (36.4) 132 (46.5)
\% 64 (7.1) 46 (5.8) 32(3.7) 31(5.2) 17 (3.3) 10 (3.5)
Type of neoadjuvant and adjuvant
treatment?
Surgery only 519 (56.7) 379 (47.3) 482 (54.9) 313(51.9) 296 (56.8) 129 (44.6)
Surgery plus chemotherapy 191 (20.3) 260 (32.4) 233 (26.5) 130 (21.6) 123 (23.6) 68 (23.5)
Surgery plus radiotherapy 98 (10.7) 85 (10.6) 74 (8.4) 86 (14.3) 45 (8.6) 47 (16.3)
Surgery plus chemotherapy and 113(12.3) 78(9.7) 89 (10.4) 74 (12.3) 57 (10.9) 45 (15.6)
radiotherapy
Type of resection®
Hemicolectomy 358(38.8) 265 (32.7) 350(39.3) 187 (30.7) 198 (38.0) 82(28.3)
Sigmoid resection 191 (20.7) 216 (26.7) 224 (25.2) 131 (21.5) 138 (26.5) 60 (20.7)
Low anterior resection 242 (26.2) 280 (34.6) 201 (22.6) 251 (41.2) 118 (22.6) 129 (44.5)
Abdominoperineal resection 105(11.4) 25(3.0) 91(10.2) 21 (3.4) 52 (10.0) 13 (4.5)
Otherf 26(2.8) 24 (3.0) 24(2.7) 19(3.1) 15 (2.9) 6(2.1)
Current stoma? 281 (30.1) 49 (12.1) 179 (20.0) 51 (8.3) 114 (21.8) 24(8.3)
Moderate-to-severe diarrhea at CRC 25(2.7) 95 (11.8) 13(1.5) 63 (10.5) 6(1.2) 28 (10.1)
diagnosis"
Moderate-to-severe constipation at CRC 11(1.2) 53(6.6) 9(1.0) 38(6.4) 9(1.8) 13 (4.6)

diagnosis'
BMI, median (IQR)
Physical activity, median (IQR), h/wk*
Smoking'

Never

Former

Current
Dietary fiber intake, median (IQR), g/d™
Energy intake, median (IQR), kcal/d™

26.0 (23.8-28.4)
8.5 (4.2-15.0)

301 (32.5)

562 (60.8)

62 (6.7)
18.8(15.3-23.0)
1765 (1465-2090)

26.0 (24.0-28.7)
8.0 (4.4-14.0)

254 (31.3)

506 (62.3)

52 (6.4)
20.1(16.0-24.1)
1794 (1484-2153)

26.6 (24.5-29.4)
9.5 (5.0-17.5)

302 (34.0)

528 (59.5)

60 (6.5)

18.5 (14.7-23.4)
1666 (1365-2034)

26.3 (24.2-29.0)
10.9 (6.0-18.0)

175 (28.8)

383 (63.1)

49 (8.1)

19.7 (15.6-24.4)

1770 (1461-2086)

26.2 (24.3-29.1)
9.5 (4.2-17.2)

168 (32.7)
320(62.3)

26 (5.1)

18.2 (15.0-22.4)
1638 (1345-1959)

26.7 (24.1-28.9)
10.0 (5.3-17.9)

77 (26.7)

186 (64.6)
25(8.7)

19.2 (15.4-22.5)
1675 (1417-2015)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by
height in meters squared); CRC, colorectal cancer.

2 Data are presented as number (percentage) of survivors unless otherwise indicated.

b Data were missing for 30 survivors at 6 months, 26 at 2 years, and 1at 5 years.

< Data were missing for 50 survivors at 6 months, 44 at 2 years, and 12 at 5 years.

d Data were missing for 33 survivors at 6 months, 30 at 2 years, and 2 at 5 years.

€ Data were missing for 19 survivors at 6 months, 12 at 2 years, and 1at 5 years.

f Other types of resection include transversectomy (n = 19), subtotal colectomy
(n =12), transanal endoscopic microsurgery (n = 16), and other (n = 3); numbers
presented in the table refer to the study population at 6 months after diagnosis.

& Self-reported at corresponding time points after diagnosis; data were missing for 4

survivors at 2 years and 2 at 5 years.

" Defined as experience of “quite a bit" or “very much” moderate-to-severe diarrhea
based on the European Organisation for Research and Treatment of Cancer Quality

of Life Questionnaire Core 30 at CRC diagnosis. Data were missing for 32 survivors at 6

months, 28 at 2 years, and 39 at 5 years.

' Defined as experience of “quite a bit™ or “very much” moderate-to-severe constipation
based on the European Organisation for Research and Treatment of Cancer Quality of
Life Questionnaire Core 30 at CRC diagnosis. Data were missing for 28 survivors at 6

months, 35 at 2 years, and 21 at 5 years.

i Data were missing for 10 survivors at 6 months, 9 at 2 years, and 2 at 5 years.

k Refers to moderate-to-vigorous physical activity; data were missing for 8 survivors at
6 months, 29 at 2 years, and 79 at 5 years.

' Data were missing for 14 survivors at 6 months, 17 at 2 years, and 10 at 5 years.

™ Data were missing for 27 survivors at 6 months, 33 at 2 years, and 19 at 5 years.
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a lower prevalence of diarrhea at 2 years (OR, 0.48; 95% Cl, 0.31-0.73) and 5 years (OR, 0.48; 95%
Cl, 0.26-0.90) after diagnosis as well as a lower prevalence of mucus in stools at 6 months (OR, 0.61;
95% Cl, 0.37-0.99) and 2 years (OR, 0.52; 95% Cl, 0.27-0.99) after diagnosis. In contrast, a higher
fiber intake was associated with a higher prevalence of flatulence or bloating at 6 months after
diagnosis (OR, 1.57; 95% Cl, 1.24-2.01). No associations were found between fiber intake and other
bowel-related symptoms.

Dietary Fiber Intake and Moderate-to-Severe Diarrhea and Constipation

Associations between dietary fiber intake and diarrhea as well as constipation were further
investigated using the validated EORTC QLQ-C30. Based on this questionnaire, we could evaluate
severity of diarrhea or constipation as well as adjust for the occurrence of diarrhea or constipation at
time of diagnosis (Table 3). Higher fiber intake (per 10-g/d increment) was associated with a lower
prevalence of moderate-to-severe diarrhea at 6 months (OR, 0.44; 95% Cl, 0.28-0.70) and 2 years
(OR, 0.53; 95% Cl, 0.30-0.94) after diagnosis, while the association was not statistically significant at
5 years (OR, 0.43; 95% Cl, 0.16-1.13) after diagnosis—all independent of occurrence of moderate-to-
severe diarrhea at time of diagnosis. No associations were found between fiber intake and moderate-
to-severe constipation (eTable 4 in Supplement 1). Complete-case analyses resulted in comparable
findings (eTables 5 and 6 in Supplement 1).

Bowel-Related Symptoms and HRQOL
Based on our findings of fiber intake being associated, albeit in different directions, with diarrhea,
mucus in stools, and flatulence or bloating, we aimed to explore which bowel-related symptoms

Table 2. Associations Between Dietary Fiber Intake and Prevalence of Bowel-Related Symptoms in Colorectal Cancer Survivors®

. . — OR (95% CI)

Time after Dietary fiber intake,

diagnosis median (IQR), g/d Diarrhea Constipation® Flatulence or bloating Frequent stools® Mucus in stools? False urgency®

6 mo 19.4 (15.6-23.6) 0.83(0.59-1.15) 1.01(0.67-1.51) 1.57 (1.24-2.01) 1.09 (0.81-1.45) 0.61(0.37-0.99)  0.97 (0.65-1.43)

2y 19.0 (15.0-23.7) 0.48 (0.31-0.73) 1.06 (0.68-1.63) 1.13 (0.87-1.46) 0.97 (0.71-1.32) 0.52(0.27-0.99)  1.51(0.87-2.61)

5y 18.5(15.0-22.4) 0.48 (0.26-0.90) 1.02 (0.51-1.98) 1.28 (0.88-1.85) 1.23(0.78-1.93) 0.49(0.19-1.24)  0.80(0.36-1.69)
Abbreviation: OR, odds ratio. d Analyses were also adjusted for current stoma (yes or no) and level of moderate-to-
@ All multivariable logistic regression models were adjusted for sex, age at diagnosis vigorous physical activity (continuous, in hours/week).

(continuous in years), tumor location (colon, rectum), and energy intake ¢ Analyses were also adjusted for smoking status (current, former, or never), current

(continuous in kcal/d). stoma (yes or no), and level of moderate-to-vigorous physical activity (continuous, in

b Analyses were also adjusted for smoking status (current, former, or never). hours/week).

< Analyses were also adjusted for current stoma (yes or no).

Table 3. Associations Between Dietary Fiber Intake and Prevalence of Moderate-to-Severe Diarrhea, Based on Data From the EORTC QLQ-C30 Questionnaire,
in Colorectal Cancer Survivors®

Moderate-to-severe diarrhea, adjusted for occurrence

Moderate-to-severe diarrhea® of diarrhea at diagnosis™*
Dietary fiber intake, No. of events/total No. of events/total

Time median (IQR), g/d population (%) OR (95% Cl) population (%) OR (95% Cl)

At diagnosis 19.7 (15.8-24.2) 203/1828(11.1) 0.54(0.38-0.76) NA NA

At 6 mo after diagnosis 19.4 (15.6-23.6) 117/1671 (7.0) 0.45(0.28-0.71) 116/1642 (7.1) 0.44 (0.28-0.70)

At 2 y after diagnosis® 19.0(15.0-23.7) 72/1419 (5.1) 0.53 (0.30-0.93) 71/1397 (5.1) 0.53 (0.30-0.94)

At 5y after diagnosis® 18.5(15.0-22.4) 29/744 (3.9) 0.43(0.16-1.13) 29/735 (3.9) 0.43(0.16-1.13)
Abbreviations: EORTC QLQ-C30, European Organisation for Research and Treatment of 9 Model was further adjusted for level of moderate-to-vigorous physical activity
Cancer Quality of Life Questionnaire Core 30; NA, not applicable; OR, odds ratio. (continuous in hours/week).
2 All models were adjusted for sex, age at diagnosis (continuous in years), tumor € Model was further adjusted for cancer stage (I, Il, Ill, or IV), current stoma (yes or no),

location (colon, rectum), and energy intake (continuous in kcal/d) at all time points. body mass index (calculated as weight in kilograms divided by height in meters

b Defined as experience of “quite a bit" or “very much” moderate-to-severe diarrhea. squared) (continuous), and smoking status (current, former, or never).

€ All models were further adjusted for occurrence of moderate-to-severe diarrhea at
diagnosis (yes or no) based on data from the EORTC QLQ-C30.
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were associated with HRQOL. Differences in HRQOL scores for survivors with and without these
bowel-related symptoms are shown in eFigure 2 in Supplement 1. Multivariable logistic regression

analyses with adjustment for age at diagnosis, sex, tumor location, and current stoma showed that
having any bowel-related symptoms (vs no symptoms) was associated with a lower HRQOL score at
all time points (Figure 2). Across the specific symptoms, diarrhea was associated with lower HRQOL
scores at all time points and with the lowest HRQOL score out of all symptoms (B, -9.6 [95% Cl, -14.0
to -5.2] at 5 years after diagnosis) (Figure 2). Mucus in stools was not associated with HRQOL, and

flatulence or bloating was only associated with a lower HRQOL at 6 months and 2 years after
diagnosis (Figure 2).

Discussion

We described the prevalence of bowel-related symptoms up to 5 years after diagnosis in CRC
survivors participating in a large prospective cohort study. Almost half of the survivors (46.7%)
reported bowel-related symptoms at 6 months, whereas more than one-third (35.7%) still

experienced bowel-related symptoms at 5 years after diagnosis. Symptoms at 6 months were mainly

reported by survivors who received chemotherapy, while symptoms at 2 years and 5 years after
diagnosis were most prevalent in those who received radiotherapy. A higher habitual dietary fiber

Figure 2. Associations Between Bowel-Related Symptoms and Health-Related Quality of Life (HRQOL)

Bowel-related symptom B (95% Cl) Lower HRQOL : Higher HRQOL
Any symptoms

No 0 [Reference] | ]

6 mo -8.5(-10.0t0o -6.8) —a—

2y -7.8(-9.7 to -6.0) —

5y -5.4(-7.9t0-2.8) —a—
Diarrhea

No 0 [Reference] u

6 mo -7.6 (-10.0 to -4.9) —

2y -5.6 (-8.8t0-2.4) —

5y -96(-14.0t0-5.2) —— B ——
Constipation

No 0 [Reference] u

6 mo -7.7 (-11.0 to -4.5) —

2y -8.7(-12.0to -5.4) —

5y -4.2(-9.3t00.8) . S
Flatulence or bloating

No 0 [Reference] | |

6 mo -3.6 (-5.6t0-1.6) —a—

2y -3.0(-5.1t0-0.9) —a—

5y 0.7(-2.4t03.8) —
Frequent stools

No 0 [Reference] ]

6 mo -2.8(-5.2t0-0.4) —a—

2y -2.1(-4.6t00.5) ——

5y -2.1(-5.8t01.6) —a—
Mucus in stools

No 0 [Reference] | ]

6 mo -1.3(-5.3to 2.8) —_—

2y -1.3(-6.3t03.6) —

5y 0.3(-6.1t06.7) =
False urgency

No 0 [Reference] | ]

6 mo -0.3(-3.4t02.8) —

2y -2.7(-7.0t0 1.6) —

5y -8.0(-14.0to-26) ——B——

T T
-5 -12 -9 -6 -3 0 3 6 9 12 15
B (95% CI)

HRQOL was based on European Organisation for
Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 (EORTC QLQ-C30) global
health status and quality of life scores at 6 months, 2
years, and 5 years after diagnosis. A total of 1698
survivors were included in the analyses at 6 months,
1452 at 2 years, and 796 at 5 years after diagnosis.
Linear regression models were adjusted for sex, age at
diagnosis (continuous in years), tumor location (colon,
rectum), and current stoma (yes or no). Analyses for
specific bowel-related symptoms were mutually
adjusted for prevalence of the other bowel-related
symptoms.
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intake was associated with a lower prevalence of diarrhea at 6 months and 2 years after diagnosis,
while at 5 years after diagnosis the association had a comparable OR but was not statistically
significant, likely due to the lower sample size. Of the studied bowel-related symptoms, only diarrhea
was associated with lower HRQOL scores at all time points. Additionally, a higher fiber intake was
associated with a lower prevalence of mucus in stools at 6 months and 2 years after diagnosis, but
mucus in stools was not associated with HRQOL. A higher fiber intake was also associated with a
higher prevalence of flatulence or bloating at 6 months but not at 2 years and 5 years after diagnosis.
In clinical practice, persistent bowel-related symptoms in CRC survivors have been primarily
attributed to low anterior resections.>” Our findings indeed showed a higher prevalence of bowel-
related symptoms in survivors who underwent a low anterior resection compared with those with a
hemicolectomy or sigmoid resection. However, prevalence of bowel-related symptoms was highest
in survivors who had received radiotherapy in combination with a low anterior resection. Other
studies also showed that in addition to surgery, radiotherapy is an important risk factor of persistent
bowel-related symptoms in rectal cancer survivors.2’3° Radiotherapy may cause chronic intestinal
inflammation or ischemia and fibrosis leading to bowel adhesions, potentially contributing to
impaired bowel function and symptoms.3'3 Although health care professionals indicate that many

3436 gur data showed that survivors with a current

CRC survivors fear having a permanent colostomy,
stoma had fewer bowel-related symptoms compared with those without a stoma. These findings
may inform clinicians in weighing advantages and disadvantages of restorative resections and fuel
well-informed shared decision-making.

In our study, diarrhea was associated with lower HRQOL scores at all time points. Many other
studies have shown a higher prevalence of diarrhea (measured with EORTC QLQ-C30) in CRC
survivors compared with age- and sex-matched population controls.3”#° A case-control study of
1262 CRC survivors found a higher prevalence of diarrhea, regardless of time since diagnosis (range,
5-16 years), compared with 1689 population controls.*° In the same study, diarrhea was associated
with a lower quality of life.*° Diarrhea is also frequently reported by cancer survivors who received
radiotherapy.3'#' We observed that a higher dietary fiber intake was associated with a lower
prevalence of diarrhea in the years after diagnosis. These findings were consistent when using data
of the validated EORTC QLQ-C30, only considering moderate-to-severe diarrhea, which could make
our findings meaningful for clinical practice.

Literature on fiber intake and diarrhea in CRC survivors is scarce.'® Contrasting our findings,
Kenkhuis et al*? did not find an association between fiber intake and severity of diarrhea up to 2 years
after treatment in CRC survivors, although the estimate (8, -2.1; 95% Cl, -5.1 to 0.9) pointed in the
same direction as our findings. Also, the sample size of their study was comparatively modest
(n = 396), which may have limited statistical power to detect associations. Increasing fiber intake has
been proposed as a potential strategy to reduce adverse effects of pelvic radiotherapy in cancer
patients, but evidence is still limited and inconclusive.*>+>

Likely, the role of dietary fiber in maintaining gut health could explain inverse associations
between fiber intake and diarrhea. Maintaining or restoring gut health is especially relevant in CRC
survivors, as their gut health is challenged by surgical procedures and potential neoadjuvant and

adjuvant treatments.*®>2 Dietary fiber impacts the gut microbiota,?">3

with potential relevance for
restoring microbial disturbances caused by cancer treatment.*®>2 Dietary fiber, with its water-
holding and bulking properties, also contributes to improved stool patterns.?">+>6 |t should be noted
that besides potential protective associations with diarrhea and mucus in stools, we also found that
a higher fiber intake was associated with higher prevalence of flatulence or bloating at 6 months but
not at 2 and 5 years after diagnosis. Compared with diarrhea, flatulence or bloating was associated
with a lesser reduction in HRQOL in this study. Flatulence or bloating are often observed after an
increased fiber intake but are strongly dependent on fiber source.>*”-58 Therefore, the most
effective as well as tolerable fiber sources need to be identified for future studies aiming at symptom

management in oncologic populations.
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Strengths and Limitations

Strengths of this study include the repeated data on bowel-related symptoms until 5 years after
diagnosis, which allowed investigation over time. Furthermore, we compared prevalence and
determinants of bowel-related symptoms across various treatments, while earlier studies were
predominantly restricted to patient groups receiving particular treatments such as low anterior
resection. Moreover, this is one of the first studies investigating dietary fiber intake in relation to
bowel-related symptoms in CRC survivors with adjustment for clinical and other lifestyle factors.

This study also has limitations. One is that residual confounding inherent to the observational
design cannot be ruled out, even though we included relevant sociodemographic, clinical, and
lifestyle factors in the analyses. Also, reverse causation cannot be entirely ruled out. Participants
could have lowered their fiber intake when they experienced diarrhea, although earlier work
demonstrated that CRC survivors reported increasing their fiber intake in management of bowel-
related symptoms.”>"”

Since assessment of bowel-related symptoms was timed relative to date of diagnosis rather
than completion of treatment, survivors who underwent neoadjuvant treatment may have
completed their questionnaires sooner after surgery as compared with survivors with other
treatment strategies. Prevalences of bowel-related symptoms at 6 months after diagnosis were,
however, comparable for survivors with and without neoadjuvant treatment. At 2 years and 5 years
after diagnosis, when differences in time since surgery became less relevant due to longer follow-up
time, prevalences of bowel-related symptoms were higher in survivors who received neoadjuvant
treatment (vs those who did not), indicating that neoadjuvant treatment, rather than time since
surgery, might be linked to these symptoms.

We had no data on treatment modalities provided for management of bowel-related symptoms,
such as pelvic floor physiotherapy or loperamide use. Additionally, we had no data on bowel-related
symptoms at diagnosis (except for diarrhea and constipation) nor a matched comparison group of
individuals without cancer to assess whether the prevalence of symptoms was increased compared
with the general population.>® It should be noted, however, that we asked specifically for bowel-
related symptoms related to CRC treatment. Also, survivors with inflammatory bowel diseases,
known to have prominent bowel-related symptoms, were not eligible for this study, further implying
that the reported symptoms were specifically associated with CRC or its treatment.

Conclusions

In this cohort study among 1751 CRC survivors, we found that the prevalence of bowel-related
symptoms was considerably high in CRC survivors up to 5 years after diagnosis, especially in those
who had undergone radiotherapy in combination with low anterior resection. As these symptoms
severely impair quality of life,>>°5¢%! CRC survivors with bowel-related symptoms may benefit
from management of those symptoms as part of their cancer care. Higher intake of dietary fiber was
associated with a lower prevalence of diarrhea, which implies the potential role of nutritional
counseling in management of bowel-related symptoms. Our findings provide an evidence base for
investigating nutritional strategies, including increasing dietary fiber intake, to target bowel-related
symptoms in CRC survivors.

ARTICLE INFORMATION
Accepted for Publication: September 15, 2025.

Published: November 10, 2025. doi:10.1001/jamanetworkopen.2025.42147

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2025
Klaassen-Dekker N et al. JAMA Network Open.

[5 JAMA Network Open. 2025;8(11):e2542147. doi:10.1001/jamanetworkopen.2025.42147 November 10, 2025 10/15

Downloaded from jamanetwork.com by ZIENKENHUIS GELDESE VALLEI user on 12/23/2025


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.42147&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.42147
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.42147

JAMA Network Open | Oncology Bowel-Related Symptoms and Dietary Fiber Intake in Colorectal Cancer Survivors

Corresponding Author: Niels Klaassen-Dekker, MSc, Division of Human Nutrition and Health, Wageningen
University & Research, PO Box 17, 6700 AA Wageningen, the Netherlands (niels.klaassen@wur.nl).

Author Affiliations: Division of Human Nutrition and Health, Wageningen University & Research, Wageningen, the
Netherlands (Klaassen-Dekker, Witteman, van Heek, van ‘t Veer, Winkels, van Duijnhoven, Kampman, Kok);
Department of Gastroenterology and Hepatology, Gelderse Vallei Hospital, Ede, the Netherlands (Witteman);
Department of Surgery, Gelderse Vallei Hospital, Ede, the Netherlands (van Heek, Kruyt); Department of Dietetics,
Gelderse Vallei Hospital, Ede, the Netherlands (Valgaeren); Nutrition and Healthcare Alliance, Gelderse Vallei
Hospital, Ede, the Netherlands (Valgaeren); Department of Medical Oncology, Radboud University Medical Center,
Nijmegen, the Netherlands (Gootjes); Department of Radiation Oncology, Radboud University Medical Center,
Nijmegen, the Netherlands (RUtten); Department of Surgery, Radboud University Medical Center, Nijmegen, the
Netherlands (de Wilt).

Author Contributions: Mr Klaassen-Dekker and Dr Kok had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Witteman, van Heek, Kruyt, Kampman, Kok.

Acquisition, analysis, or interpretation of data: Klaassen-Dekker, Kruyt, Valgaeren, Gootjes, van 't Veer, Riitten,
Winkels, van Duijnhoven, de Wilt, Kampman, Kok.

Drafting of the manuscript: Klaassen-Dekker, Witteman, Kok.

Critical review of the manuscript for important intellectual content: Witteman, van Heek, Kruyt, Valgaeren, Gootjes,
van 't Veer, Rutten, Winkels, van Duijnhoven, de Wilt, Kampman, Kok.

Statistical analysis: Klaassen-Dekker, van 't Veer, Kok.

Obtained funding: Klaassen-Dekker, van Duijnhoven, Kampman, Kok.

Administrative, technical, or material support: van Heek, Kruyt, Winkels, Kampman, Kok.
Supervision: Witteman, Kruyt, de Wilt, Kampman, Kok.

Conflict of Interest Disclosures: Dr van Duijnhoven reported receiving grants from the Wereld Kanker Onderzoek
Fonds (WKOF) as part of the World Cancer Research Fund (WCRF) International grant program during the conduct
of the study. Dr Kok reported receiving grants from Danone Global Research & Innovation Center outside the
submitted work. No other disclosures were reported.

Funding/Support: This research was financially supported by the VLAG Graduate School of Wageningen
University & Research (Mr Klaassen-Dekker). The Colorectal Cancer: Longitudinal, Observational Study on
Nutritional and Lifestyle Factors (COLON) study was financially supported by WKOF and WCRF International as
well as by grants 2014/1179, IG_FULL_2021_022, lIG_FULL_2021.023, and IIG_FULL_2023_017 from WKOF as part
of the WCRF International grant program; grants UM 2012-5653, UW 2013-5927, and UW 2015-7946 from Alpe
d'Huzes; grants UW2013-6397 and UW2014-6877 from ERA-NET on Translational Cancer Research (TRANSCAN:
Dutch Cancer Society); Netherlands Organization for Health Research and Development (ZonMw); grant 162135
from Regional Deal Foodvalley; and grant KICH1.LG01.22.009 from the Dutch Research Council.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We thank all participants, the involved coworkers in the participating hospitals, and the
COLON study investigators at Wageningen University & Research. We also thank Harm-Jan van der Hart, MSc,
Wageningen University & Research, for his preparatory work on dietary fiber and bowel-related symptoms during
his thesis project; he did not receive compensation. In addition, we thank the registration team of the Netherlands
Comprehensive Cancer Organisation for the collection of data for the Netherlands Cancer Registry.

REFERENCES

1. Ashburn JH, Stocchi L, Kiran RP, Dietz DW, Remzi FH. Consequences of anastomotic leak after restorative
proctectomy for cancer: effect on long-term function and quality of life. Dis Colon Rectum. 2013;56(3):275-280.
doi:10.1097/DCR.0b013e318277e8a5

2. van Heinsbergen M, den Haan N, Maaskant-Braat AJ, et al. Functional bowel complaints and quality of life after
surgery for colon cancer: prevalence and predictive factors. Colorectal Dis. 2020;22(2):136-145. doi:10.1111/
codi.14818

3. Gatta G, Ciccolallo L, Faivre J, Bouvier AM, Berrino F, Gerard JP. Late outcomes of colorectal cancer treatment:
a FECS-EUROCARE study. J Cancer Surviv. 2007;1(4):247-254. doi:10.1007/s11764-007-0030-1

[5 JAMA Network Open. 2025;8(11):e2542147. doi:10.1001/jamanetworkopen.2025.42147 November 10, 2025 1/15

Downloaded from jamanetwork.com by ZIENKENHUIS GELDESE VALLEI user on 12/23/2025


mailto:niels.klaassen@wur.nl
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.42147&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.42147
https://dx.doi.org/10.1097/DCR.0b013e318277e8a5
https://dx.doi.org/10.1111/codi.14818
https://dx.doi.org/10.1111/codi.14818
https://dx.doi.org/10.1007/s11764-007-0030-1

JAMA Network Open | Oncology Bowel-Related Symptoms and Dietary Fiber Intake in Colorectal Cancer Survivors

4. McQuade RM, Stojanovska V, Abalo R, Bornstein JC, Nurgali K. Chemotherapy-induced constipation and
diarrhea: pathophysiology, current and emerging treatments. Front Pharmacol. 2016;7:414. doi:10.3389/fphar.
2016.00414

5. Croese AD, Lonie JM, Trollope AF, Vangaveti VN, Ho YH. A meta-analysis of the prevalence of low anterior
resection syndrome and systematic review of risk factors. Int J Surg. 2018;56:234-241. doi:10.1016/j.ijsu.2018.
06.031

6. Verkuijl SJ, Jonker JE, Trzpis M, Burgerhof JGM, Broens PMA, Furnée EJB. Functional outcomes of surgery for
colon cancer: a systematic review and meta-analysis. Eur J Surg Oncol. 2021;47(5):960-969. doi:10.1016/j.€jso.
2020.11.136

7. Bryant CLC, Lunniss PJ, Knowles CH, Thaha MA, Chan CLH. Anterior resection syndrome. Lancet Oncol. 2012;13
(9):e403-e408. doi:10.1016/51470-2045(12)70236-X

8. Emmertsen KJ, Laurberg S. Low anterior resection syndrome score: development and validation of a symptom-
based scoring system for bowel dysfunction after low anterior resection for rectal cancer. Ann Surg. 2012;255(5):
922-928. doi:10.1097/SLA.0b013e31824f1c21

9. van Heinsbergen M, Janssen-Heijnen ML, Leijtens JW, Slooter GD, Konsten JL. Bowel dysfunction after sigmoid
resection underestimated: multicentre study on quality of life after surgery for carcinoma of the rectum and
sigmoid. Eur J Surg Oncol. 2018;44(8):1261-1267. doi:10.1016/j.ejs0.2018.05.003

10. Garfinkle R, Boutros M. Low anterior resection syndrome: predisposing factors and treatment. Surg Oncol.
2022;43(101691):101691. doi:10.1016/j.suronc.2021.101691

11. van der Heijden JAG, Koéter T, Smits LJH, et al. Functional complaints and quality of life after transanal total
mesorectal excision: a meta-analysis. Br J Surg. 2020;107(5):489-498. doi:10.1002/bjs.11566

12. Borre M, Fassov J, Juul T, et al. Diet and bowel symptoms among colon cancer survivors. Acta Oncol. 2022;61
(10):1192-1199. doi:10.1080/0284186X.2022.2101901

13. Borre M, Fassov J, Poulsen JL, et al. Dietary intervention improves gastrointestinal symptoms after treatment
of cancer in the pelvic organs. J Clin Med. 2023;12(14):4766. doi:10.3390/jcm12144766

14. LiuW, Xu JM, Zhang YX, Lu HJ, Xia HO. The experience of dealing with defecation dysfunction by changing the
eating behaviours of people with rectal cancer following sphincter-saving surgery: a qualitative study. Nurs Open.
2021;8(3):1501-1509. doi:10.1002/nop2.768

15. YinL, Fan L, TanR, 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(1):35. doi:10.1186/512893-018-0368-5

16. Tsui H, Lee SCK, Lin BR, Hung JS. Effectiveness of dietary fiber experiential learning on bowel symptom after
surgery for colorectal cancer: a randomized controlled trial. Eur J Oncol Nurs. 2023;67:102436. doi:10.1016/j.ejon.
2023102436

17. SunV, Wendel CS, Demark-Wahnefried W, et al. Diet and behavior modifications by long-term rectal cancer
survivors to manage bowel dysfunction-associated symptoms. Nutr Cancer. 2019;71(1):89-99. doi:10.1080/
01635581.2018.1524017

18. Dukas L, Willett WC, Giovannucci EL. Association between physical activity, fiber intake, and other lifestyle
variables and constipation in a study of women. Am J Gastroenterol. 2003;98(8):1790-1796. doi:10.1111/j.1572-
0241.2003.07591.x

19. Markland AD, Palsson O, Goode PS, Burgio KL, Busby-Whitehead J, Whitehead WE. Association of low dietary
intake of fiber and liquids with constipation: evidence from the National Health and Nutrition Examination Survey.
Am J Gastroenterol. 2013;108(5):796-803. doi:10.1038/ajg.2013.73

20. Staller K, Song M, Grodstein F, et al. Increased long-term dietary fiber intake is associated with a decreased risk
of fecal incontinence in older women. Gastroenterology. 2018;155(3):661-667.e1. doi:10.1053/j.gastro.2018.
05.021

21. Gill SK, Rossi M, Bajka B, Whelan K. Dietary fibre in gastrointestinal health and disease. Nat Rev Gastroenterol
Hepatol. 2021;18(2):101-116. doi:10.1038/s41575-020-00375-4

22. Winkels RM, Heine-Bréring RC, van Zutphen M, et al. The COLON study: Colorectal Cancer: Longitudinal,
Observational Study on Nutritional and Lifestyle Factors that may influence colorectal tumour recurrence, survival
and quality of life. BMC Cancer. 2014;14(1):374. doi:10.1186/1471-2407-14-374

23. Fayers P, Bottomley A; EORTC Quality of Life Group; Quality of Life Unit; European Organisation for Research
and Treatment of Cancer. Quality of life research within the EORTC—the EORTC QLQ-C30. Eur J Cancer. 2002;
38(suppl 4):5125-5133. doi:10.1016/S0959-8049(01)00448-8

24. Van Leersum NJ, Snijders HS, Henneman D, et al; Dutch Surgical Colorectal Cancer Audit Group. The Dutch
Surgical Colorectal Audit. Eur J Surg Oncol. 2013;39(10):1063-1070. doi:10.1016/j.ejs0.2013.05.008

[5 JAMA Network Open. 2025;8(11):e2542147. doi:10.1001/jamanetworkopen.2025.42147 November 10, 2025 12/15

Downloaded from jamanetwork.com by ZIENKENHUIS GELDESE VALLEI user on 12/23/2025


https://dx.doi.org/10.3389/fphar.2016.00414
https://dx.doi.org/10.3389/fphar.2016.00414
https://dx.doi.org/10.1016/j.ijsu.2018.06.031
https://dx.doi.org/10.1016/j.ijsu.2018.06.031
https://dx.doi.org/10.1016/j.ejso.2020.11.136
https://dx.doi.org/10.1016/j.ejso.2020.11.136
https://dx.doi.org/10.1016/S1470-2045(12)70236-X
https://dx.doi.org/10.1097/SLA.0b013e31824f1c21
https://dx.doi.org/10.1016/j.ejso.2018.05.003
https://dx.doi.org/10.1016/j.suronc.2021.101691
https://dx.doi.org/10.1002/bjs.11566
https://dx.doi.org/10.1080/0284186X.2022.2101901
https://dx.doi.org/10.3390/jcm12144766
https://dx.doi.org/10.1002/nop2.768
https://dx.doi.org/10.1186/s12893-018-0368-5
https://dx.doi.org/10.1016/j.ejon.2023.102436
https://dx.doi.org/10.1016/j.ejon.2023.102436
https://dx.doi.org/10.1080/01635581.2018.1524017
https://dx.doi.org/10.1080/01635581.2018.1524017
https://dx.doi.org/10.1111/j.1572-0241.2003.07591.x
https://dx.doi.org/10.1111/j.1572-0241.2003.07591.x
https://dx.doi.org/10.1038/ajg.2013.73
https://dx.doi.org/10.1053/j.gastro.2018.05.021
https://dx.doi.org/10.1053/j.gastro.2018.05.021
https://dx.doi.org/10.1038/s41575-020-00375-4
https://dx.doi.org/10.1186/1471-2407-14-374
https://dx.doi.org/10.1016/S0959-8049(01)00448-8
https://dx.doi.org/10.1016/j.ejso.2013.05.008

JAMA Network Open | Oncology Bowel-Related Symptoms and Dietary Fiber Intake in Colorectal Cancer Survivors

25. Feunekes IJ, Van Staveren WA, Graveland F, De Vos J, Burema J. Reproducibility of a semiquantitative food
frequency questionnaire to assess the intake of fats and cholesterol in the Netherlands. Int J Food Sci Nutr. 1995;
46(2):117-123. doi:10.3109/09637489509012539

26. Siebelink E, Geelen A, de Vries JHM. Self-reported energy intake by FFQ compared with actual energy intake
to maintain body weight in 516 adults. Br J Nutr. 2011;106(2):274-281. doi:10.1017/SO007114511000067

27. Peeters KCMJ, van de Velde CJH, Leer JWH, et al. Late side effects of short-course preoperative radiotherapy
combined with total mesorectal excision for rectal cancer: increased bowel dysfunction in irradiated patients—a
Dutch colorectal cancer group study. J Clin Oncol. 2005;23(25):6199-6206. doi:10.1200/JC0.2005.14.779

28. Thong MSY, Mols F, Lemmens VEPP, et al. Impact of preoperative radiotherapy on general and disease-specific
health status of rectal cancer survivors: a population-based study. Int J Radiat Oncol Biol Phys. 2011;81(3):
e49-e58. doi:10.1016/].ijrobp.2010.12.030

29. Wiltink LM, Marijnen CAM, Meershoek-Klein Kranenbarg E, van de Velde CJH, Nout RA. A comprehensive
longitudinal overview of health-related quality of life and symptoms after treatment for rectal cancer in the TME
trial. Acta Oncol. 2016;55(4):502-508. doi:10.3109/0284186X.2015.1088171

30. Chen TYT, Wiltink LM, Nout RA, et al. Bowel function 14 years after preoperative short-course radiotherapy
and total mesorectal excision for rectal cancer: report of a multicenter randomized trial. Clin Colorectal Cancer.
2015;14(2):106-114. doi:10.1016/j.clcc.2014.12.007

31. Muls AC. Gastrointestinal consequences of cancer treatment and the wider context: a bad gut feeling. Acta
Oncol. 2014;53(3):297-306. doi:10.3109/0284186X.2013.873140

32. LeeCS, Ryan EJ, Doherty GA. Gastro-intestinal toxicity of chemotherapeutics in colorectal cancer: the role of
inflammation. World J Gastroenterol. 2014;20(14):3751-3761. doi:10.3748/wjg.v20.i14.3751

33. Devarakonda S, Thorsell A, Hedenstrém P, et al. Low-grade intestinal inflammation two decades after pelvic
radiotherapy. EBioMedicine. 2023;94:104691. doi:10.1016/j.ebiom.2023.104691

34. Husebg AML, Karlsen B, Husebg SE. Health professionals’ perceptions of colorectal cancer patients’ treatment
burden and their supportive work to ameliorate the burden—a qualitative study. BMC Health Serv Res. 2020;20
(1):661. doi:10.1186/512913-020-05520-y

35. Herrinton LJ, Altschuler A, McMullen CK, et al. Conversations for providers caring for patients with rectal
cancer: comparison of long-term patient-centered outcomes for patients with low rectal cancer facing ostomy or
sphincter-sparing surgery. CA Cancer J Clin. 2016;66(5):387-397. doi:10.3322/caac.21345

36. Carlsson E, Berndtsson I, Hallén AM, Lindholm E, Persson E. Concerns and quality of life before surgery and
during the recovery period in patients with rectal cancer and an ostomy. J Wound Ostomy Continence Nurs. 2010;
37(6):654-661. doi:10.1097/WON.0b013e3181f90f0c

37. Oertelt-Prigione S, de Rooij BH, Mols F, et al. Sex-differences in symptoms and functioning in >5000 cancer
survivors: results from the PROFILES registry. Eur J Cancer. 2021;156:24-34. doi:10.1016/j.ejca.2021.07.019

38. Jansen L, Herrmann A, Stegmaier C, Singer S, Brenner H, Arndt V. Health-related quality of life during the 10
years after diagnosis of colorectal cancer: a population-based study. J Clin Oncol. 2011;29(24):3263-3269. doi:10.
1200/JC0.2010.31.4013

39. Caravati-Jouvenceaux A, Launoy G, Klein D, et al. Health-related quality of life among long-term survivors of
colorectal cancer: a population-based study. Oncologist. 2011;16(11):1626-1636. doi:10.1634/theoncologist.
2011-0036

40. Thong MSY, Koch-Gallenkamp L, Jansen L, et al. Age-specific health-related quality of life in long-term and
very long-term colorectal cancer survivors versus population controls—a population-based study. Acta Oncol.
2019;58(5):801-810. doi:10.1080/0284186X.2018.1557340

41. Andreyev HJN, Davidson SE, Gillespie C, Allum WH, Swarbrick E; British Society of Gastroenterology:;
Association of Colo-Proctology of Great Britain and Ireland; Association of Upper Gastrointestinal Surgeons;
Faculty of Clinical Oncology Section of the Royal College of Radiologists. Practice guidance on the management of
acute and chronic gastrointestinal problems arising as a result of treatment for cancer. Gut. 2012;61(2):179-192.
doi:10.1136/gutjnl-2011-300563

42. Kenkhuis MF, van Duijnhoven FJB, van Roekel EH, et al. Longitudinal associations of fiber, vegetable, and fruit
intake with quality of life and fatigue in colorectal cancer survivors up to 24 months posttreatment. Am J Clin Nutr.
2022;115(3):822-832. doi:10.1093/ajcn/nqab360

43. Wedlake L, Shaw C, McNair H, et al. Randomized controlled trial of dietary fiber for the prevention of radiation-
induced gastrointestinal toxicity during pelvic radiotherapy. Am J Clin Nutr. 2017;106(3):849-857. doi:10.3945/
ajcn.116.150565

[5 JAMA Network Open. 2025;8(11):e2542147. doi:10.1001/jamanetworkopen.2025.42147 November 10, 2025 13/15

Downloaded from jamanetwork.com by ZIENKENHUIS GELDESE VALLEI user on 12/23/2025


https://dx.doi.org/10.3109/09637489509012539
https://dx.doi.org/10.1017/S0007114511000067
https://dx.doi.org/10.1200/JCO.2005.14.779
https://dx.doi.org/10.1016/j.ijrobp.2010.12.030
https://dx.doi.org/10.3109/0284186X.2015.1088171
https://dx.doi.org/10.1016/j.clcc.2014.12.007
https://dx.doi.org/10.3109/0284186X.2013.873140
https://dx.doi.org/10.3748/wjg.v20.i14.3751
https://dx.doi.org/10.1016/j.ebiom.2023.104691
https://dx.doi.org/10.1186/s12913-020-05520-y
https://dx.doi.org/10.3322/caac.21345
https://dx.doi.org/10.1097/WON.0b013e3181f90f0c
https://dx.doi.org/10.1016/j.ejca.2021.07.019
https://dx.doi.org/10.1200/JCO.2010.31.4013
https://dx.doi.org/10.1200/JCO.2010.31.4013
https://dx.doi.org/10.1634/theoncologist.2011-0036
https://dx.doi.org/10.1634/theoncologist.2011-0036
https://dx.doi.org/10.1080/0284186X.2018.1557340
https://dx.doi.org/10.1136/gutjnl-2011-300563
https://dx.doi.org/10.1093/ajcn/nqab360
https://dx.doi.org/10.3945/ajcn.116.150565
https://dx.doi.org/10.3945/ajcn.116.150565

JAMA Network Open | Oncology Bowel-Related Symptoms and Dietary Fiber Intake in Colorectal Cancer Survivors

44. Ahlin R, Bergmark K, Bull C, et al. A preparatory study for a randomized controlled trial of dietary fiber intake
during adult pelvic radiotherapy. Front Nutr. 2021;8:756485. doi:10.3389/fnut.2021.756485

45. Eaton SE, Kaczmarek J, Mahmood D, et al. Exploiting dietary fibre and the gut microbiota in pelvic
radiotherapy patients. BrJ Cancer. 2022;127(12):2087-2098. doi:10.1038/s41416-022-01980-7

46. Ferreira MR, Muls A, Dearnaley DP, Andreyev HIN. Microbiota and radiation-induced bowel toxicity: lessons
from inflammatory bowel disease for the radiation oncologist. Lancet Oncol. 2014;15(3):e139-e147. doi:10.1016/
S1470-2045(13)70504-7

47. Stringer AM, Al-Dasooqi N, Bowen JM, et al. Biomarkers of chemotherapy-induced diarrhoea: a clinical study
of intestinal microbiome alterations, inflammation and circulating matrix metalloproteinases. Support Care
Cancer. 2013;21(7):1843-1852. doi:10.1007/s00520-013-1741-7

48. FeiZ, LijuanY, XiY, et al. Gut microbiome associated with chemotherapy-induced diarrhea from the CapeOX
regimen as adjuvant chemotherapy in resected stage Ill colorectal cancer. Gut Pathog. 2019;11(1):18. doi:10.1186/
s13099-019-0299-4

49. Schietroma M, Pessia B, Colozzi S, et al. Septic complications after resection for middle or low rectal cancer:
role of gut barrier function and inflammatory serum markers. Dig Surg. 2017;34(6):507-517. doi:10.1159/
000475847

50. Gaines S, Shao C, Hyman N, Alverdy JC. Gut microbiome influences on anastomotic leak and recurrence rates
following colorectal cancer surgery. Br J Surg. 2018;105(2):e131-e141. doi:10.1002/bjs.10760

51. Alverdy JC, Hyoju SK, Weigerinck M, Gilbert JA. The gut microbiome and the mechanism of surgical infection.
BrJ Surg. 2017;104(2):e14-e23. doi:10.1002/bjs.10405

52. LiY, Zhang, Wei K, et al. Review: effect of gut microbiota and its metabolite SCFAs on radiation-induced
intestinal injury. Front Cell Infect Microbiol. 2021;11:577236. doi:10.3389/fcimb.2021.577236

53. Makki K, Deehan EC, Walter J, Backhed F. The impact of dietary fiber on gut microbiota in host health and
disease. Cell Host Microbe. 2018;23(6):705-715. doi:10.1016/j.chom.2018.05.012

54. McRorie JW Jr, McKeown NM. Understanding the physics of functional fibers in the gastrointestinal tract: an
evidence-based approach to resolving enduring misconceptions about insoluble and soluble fiber. J Acad Nutr
Diet. 2017;117(2):251-264. doi:10.1016/j.jand.2016.09.021

55. Ketelaers SHJ, van Heinsbergen M, Orsini RG, et al. Functional bowel complaints and the impact on quality of
life after colorectal cancer surgery in the elderly. Front Oncol. 2022;12:832377. doi:10.3389/fonc.2022.832377

56. Jansen L, Koch L, Brenner H, Arndt V. Quality of life among long-term (=5 years) colorectal cancer—systematic
review. Eur J Cancer. 2010;46(16):2879-2888. doi:10.1016/j.ejca.2010.06.010

57. Mysonhimer AR, Holscher HD. Gastrointestinal effects and tolerance of nondigestible carbohydrate
consumption. Adv Nutr. 2022;13(6):2237-2276. doi:10.1093/advances/nmac094

58. Puhlmann ML, de Vos WM. Intrinsic dietary fibers and the gut microbiome: rediscovering the benefits of the
plant cell matrix for human health. Front Immunol. 2022;13:954845. doi:10.3389/fimmu.2022.954845

59. van Heinsbergen M, Van der Heijden JAG, Stassen LP, et al. The low anterior resection syndrome in a reference
population: prevalence and predictive factors in the Netherlands. Colorectal Dis. 2020;22(1):46-52. doi:10.1111/
codi.14790

60. Bruheim K, Guren MG, Skovlund E, et al. Late side effects and quality of life after radiotherapy for rectal
cancer. Int J Radiat Oncol Biol Phys. 2010;76(4):1005-1011. doi:10.1016/.ijrobp.2009.03.010

61. Qaderi SM, van der Heijden JAG, Verhoeven RHA, de Wilt JHW, Custers JAE; PLCRC study group. Trajectories
of health-related quality of life and psychological distress in patients with colorectal cancer: a population-based
study. Eur J Cancer. 2021;158:144-155. doi:10.1016/j.ejca.2021.08.050

SUPPLEMENT 1.

eMethods. COLON Study

eReferences

eFigure 1. Flow Diagram of Colorectal Cancer Survivors at the 3 Respective Time Points, Namely 6 Months, 2 Years,
and 5 Years After Diagnosis

eFigure 2. Mean Scores for Health-Related Quality of Life (HRQOL) and Functioning Subscales Among Colorectal
Cancer Survivors

eTable 1. Prevalence of Bowel-Related Complaints in Colorectal Cancer Survivors With and Without a Stoma
eTable 2. Prevalence of Bowel-Related Complaints in Colorectal Cancer Survivors Presented by Type of Surgery
and (Neo)adjuvant Treatments

[5 JAMA Network Open. 2025;8(11):e2542147. doi:10.1001/jamanetworkopen.2025.42147 November 10, 2025 14/15

Downloaded from jamanetwork.com by ZIENKENHUIS GELDESE VALLEI user on 12/23/2025


https://dx.doi.org/10.3389/fnut.2021.756485
https://dx.doi.org/10.1038/s41416-022-01980-7
https://dx.doi.org/10.1016/S1470-2045(13)70504-7
https://dx.doi.org/10.1016/S1470-2045(13)70504-7
https://dx.doi.org/10.1007/s00520-013-1741-7
https://dx.doi.org/10.1186/s13099-019-0299-4
https://dx.doi.org/10.1186/s13099-019-0299-4
https://dx.doi.org/10.1159/000475847
https://dx.doi.org/10.1159/000475847
https://dx.doi.org/10.1002/bjs.10760
https://dx.doi.org/10.1002/bjs.10405
https://dx.doi.org/10.3389/fcimb.2021.577236
https://dx.doi.org/10.1016/j.chom.2018.05.012
https://dx.doi.org/10.1016/j.jand.2016.09.021
https://dx.doi.org/10.3389/fonc.2022.832377
https://dx.doi.org/10.1016/j.ejca.2010.06.010
https://dx.doi.org/10.1093/advances/nmac094
https://dx.doi.org/10.3389/fimmu.2022.954845
https://dx.doi.org/10.1111/codi.14790
https://dx.doi.org/10.1111/codi.14790
https://dx.doi.org/10.1016/j.ijrobp.2009.03.010
https://dx.doi.org/10.1016/j.ejca.2021.08.050

JAMA Network Open | Oncology Bowel-Related Symptoms and Dietary Fiber Intake in Colorectal Cancer Survivors

eTable 3. Prevalence of Bowel-Related Complaints in Colorectal Cancer Survivors Presented by Type of Surgery
and (Neo)adjuvant Treatments—Complete-Case Analysis Across 795 Survivors

eTable 4. Associations Between Dietary Fiber Intake and Prevalence of Moderate-to-Severe Constipation, Based
on Data From the EORTC QLQ-C30 Questionnaire, in Colorectal Cancer Survivors

eTable 5. Associations Between Dietary Fiber Intake and Prevalence of Moderate-to-Severe Diarrhea, Based on
Data From the EORTC QLQ-C30 Questionnaire, in Colorectal Cancer Survivors—Complete-Case Analysis Across
690 Survivors

eTable 6. Associations Between Dietary Fiber Intake and Prevalence of Moderate-to-Severe Constipation, Based
on Data From the EORTC QLQ-C30 Questionnaire, in Colorectal Cancer Survivors—Complete-Case Analysis Across
708 Survivors

SUPPLEMENT 2.
Data Sharing Statement

& JAMA Network Open. 2025;8(11):e2542147. doi:10.1001/jamanetworkopen.2025.42147 November 10, 2025 15/15

Downloaded from jamanetwork.com by ZIENKENHUIS GELDESE VALLEI user on 12/23/2025



