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Abstract

Background: Cancer treatments, such as chemotherapy, may adversely affect gastrointestinal (GI), physical and mental health
in survivors of cancer.
Objective: This study investigated associations between GI, mental and physical health outcomes, and cancer treatment-
related variables, such as chemotherapy, in adult cancer survivors.
Methods: A one-time cross-sectional survey with patient-reported outcomes was used. Cancer survivors (N = 317) aged
≥18 years, living in Canada, who completed cancer treatments were included. Descriptive statistics, correlation, and linear
regression analyses are reported.
Results: Mean age at diagnosis was 40.90 ± 15.40 years. Most survivors received chemotherapy (86.1%). Persistent GI
symptoms include constipation (53.6%), diarrhea (50.5%), and bloating/pain (54.9%). Mean GI symptom duration was 30.53 ±
33.42 months. Severity of GI symptom interference was moderate to extreme for 51.9% of survivors. Compared to normative
values of 50 in healthy people, survivors scored poorer for mental health (M = 42.72 ± 8.16) and physical health (M = 45.55 ±
7.93), and reported more belly pain (M = 56.10 ± 8.58), constipation (M = 54.38 ± 6.81), diarrhea (M = 55.69 ± 6.77), and gas/
bloating (M = 56.08 ± 8.12). Greater GI symptom severity was associated with poorer mental and physical health (P < .01).
Chemotherapy was associated with increased belly pain (B = 4.83, SE = 1.65, P < .01) and gas/bloating (B = 3.06, SE = 1.45, P =
.04).
Conclusion: We provide novel evidence that many cancer survivors experience chronic, moderate to severe GI symptoms
lasting for years after cancer treatment, which are associated with worse mental and physical health. Chemotherapy is as-
sociated with specific GI symptoms. Integrative therapies are needed to address GI symptoms in cancer survivors.
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Introduction

Gastrointestinal and Psychosocial Symptoms in
Cancer Survivors

Globally, in 2020 an estimated 19.3 million new cases of
cancer and nearly 10.0 million cancer deaths occurred.1

Survival rates have, however, improved considerably, with
rates greater than 80% for several specific cancer types (e.g.
prostate, breast, Hodgkin lymphoma)2 and depending on
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geographical region. This means that many people are sur-
viving for years or decades after a cancer diagnosis. While
advances in early detection and medical treatments have
improved survival rates considerably, many survivors of
cancer live with chronic health conditions as a result of cancer
and/or anti-cancer therapies. This has implications for sur-
vivors’ quality of life (QoL), financial toxicity for the sur-
vivor and their family, and health care and economic system
burden.2-5

Survivors of cancer report a plethora of acute and chronic
long-term and late-effects of cancer and its’ treatments.
These may include physical and psychosocial symptoms,
which can compromise overall quality of life.3,4,6-8 GI issues
are one of the most common and yet under-reported issues
that occur during treatment.8-10 During chemotherapy and/
or radiation therapies, common GI issues experienced by
patients include nausea and/or vomiting, diarrhea, con-
stipation, pain, and mucositis, the painful inflammation and
ulceration of the intestinal epithelium, among others.8-11

The prevalence of GI issues during cancer treatments varies
depending on cancer type, treatment regimens, and overall
health. Indeed, upwards of 70% of cancer patients (i.e.
individuals on active cancer treatments) receiving chemo-
therapy experience mucositis, which has been associ-
ated with adverse changes in the gut microbiota.11-13

McQuade et al. found that during treatment the incidence of
chemotherapy-induced diarrhea varied from 40% in patients
receiving a standard dose to 100% in patients on high dose
chemotherapy, while chemotherapy-induced constipation is
estimated to occur in up to 80% of patients on active treat-
ment.9 Problematic GI issues during cancer treatments can
result in treatment delays, dose reductions, impaired QoL, and
sometimes the termination of treatment, compromising pa-
tients’ survival.8-10

Significant, chronic GI symptoms following the end of
cancer treatments have also been reported. A compre-
hensive review by Andreyev et al. concluded that chronic
GI issues are underestimated in the literature and in
clinical trials, underreported by patients, and that com-
monly used GI questionnaires generally fail to investigate
key issues that are distressing to patients, such as severe
flatulence.8 The prevalence, severity and type of chronic
GI issues vary depending on cancer type and treatment, but
are estimated to occur in 15 – 66% of survivors (i.e. people
who have completed their anti-cancer therapies),8 al-
though the duration of time for which symptoms persist is
generally unknown. However, given that patients may
underreport their GI symptoms and the challenges with
measurement and reporting of symptoms, the type, se-
verity and duration of post-cancer treatment GI symptoms
remains unclear.

It is well established that many cancer survivors ex-
perience psychosocial challenges following a cancer di-
agnosis and treatments. In a sample of adolescent and
young adult (AYA) cancer survivors, Prasad et al. found

higher rates of depression, anxiety, and cognitive issues
related to task efficiency, emotional regulation and
memory compared to healthy siblings.4 This is consistent
with other studies reporting poorer health-related QoL in
young cancer survivors versus healthy siblings.14 Mature
adults similarly experience higher rates of psychosocial
challenges compared to healthy peers. In a cohort of long-
term (i.e. 5 years or more), older adult cancer survivors’
concerns about cancer recurrence, a secondary cancer, and
cancer-related symptoms were found in one-third of the
survivors and were associated with higher levels of anxiety
and depression.7 This is consistent with other studies re-
porting higher levels of anxiety, depression, and cognitive
issues among adult cancer survivors.3,6 Notably, some of
these symptoms are also experienced by patients with ir-
ritable bowel syndrome (IBS). For instance, patients with
IBS frequently present with comorbid GI and psychosocial
symptoms, such as abdominal pain, bloating, constipation
and/or diarrhea, anxiety and depression.15-17 Although
different chronic health conditions, parallels in symptoms
between patients with IBS and cancer survivors may
suggest similar underlying physiological mechanisms,
such as gut microbiota dysbiosis and dysregulation of the
neuroimmune system.12,16

Cancer treatments, such as chemotherapy, are shown to
adversely affect the intestinal tract and gut microbiota.18,19

Cancer patients experience various treatment-related tox-
icities, side-effects, and late-effects; changes in the body as
a result of treatment that may last for months or years after
a cancer experience, such as cognition and mood.6,20 In
both human and animal studies, chemotherapy has been
shown to induce a dysbiotic state which may contribute to
treatment-related toxicities.19,21–24 The current literature
mainly focuses on gut dysbiosis and physical treatment-
related symptoms. However, as adverse psychological and
cognitive side-effects of cancer treatments are also fre-
quently reported by people with cancer, research must shift
to include the investigation of potential mechanisms
driving these symptoms, such as dysbiosis of the gut
microbiota or neurotoxic factors. However, it is important
to first explore the chronicity and symptomology of GI and
psychosocial symptoms in diverse samples of cancer
survivors. This knowledge can then inform future research
investigating potential mechanisms and strategies for
intervention.

Present Study

Research studies have focused primarily on immediate GI
symptoms related to cancer treatment, while very little at-
tention has been paid to chronic GI symptoms that may arise
during or after treatment and persist for an unknown length of
time. Moreover, few studies have examined the consequences
of persistent GI symptoms on cancer survivors’ psychoso-
cial health, and potential associations between GI and
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psychosocial symptoms. The current literature further sug-
gests that chronic GI issues after anti-cancer therapies are
under-reported in the literature and clinical trials.8

Recent data from our Chemo-Gut Pilot study19 and patient
engagement with the cancer online community indicate that
the duration of time after chemotherapy during which sur-
vivors experience GI issues that may co-occur with psy-
chosocial challenges, may extend from months to years after
anti-cancer therapies have ended. Given the paucity of re-
search on longer-term GI and psychosocial health outcomes
in cancer survivors, the present study investigated post-anti-
cancer therapy GI symptoms, and physical and mental health
outcomes in cancer survivors in Canada. This study aimed to:
(i) describe GI, physical and mental health outcomes in
cancer survivors; (ii) determine whether GI symptoms are
associated with mental health and physical health; (iii) in-
vestigate relationships between type of cancer treatment and
GI, physical and mental health outcomes after cancer treat-
ments, with the hypothesis that chemotherapy in particular
would be associated with worse GI symptoms.

Methods

Participants

The self-report survey was administered via an online link to
cancer survivors in Canada, recruited via social media, and
through digital ads and pamphlets at the Tom Baker Cancer
Center in Calgary, Alberta, Canada. The survey was anon-
ymous, and participants were asked to complete the survey
only if they met the following inclusion criteria: (i) diagnosed
with cancer and currently aged 18 years or older; (ii) received
anti-cancer therapies (ie chemotherapy, radiation, surgery,
hormone therapy, and/or immunotherapy); (iii) had com-
pleted their primary anti-cancer therapies (not including
hormone maintenance therapy); (iv) live in Canada. Partic-
ipants did not receive any compensation for participation in
this study.

Power Analysis

A target sample size of N = 138 cancer survivors was cal-
culated based on sample size and power analyses using
G*Power 3.1,25 in consideration of previous research con-
ducted with this type of population,26 and the expected
availability of survivors on relevant social media groups. We
conducted a power analysis with a proposed sample of N =
138 to determine the ability to detect associations between
type of cancer treatment, GI, physical and mental health
outcomes for our primary hypothesis that type of cancer
treatment, specifically chemotherapy, would be significantly
associated with worse GI outcomes. Using G*Power 3.1, we
determined that for a multiple regression with a sample size of
N = 138, a medium effect size of Cohen’s f2 = .15, at a

significance level of P < .05, with a power of .95 could be
detected.

Demographic, Clinical and Health Measures

A subset of demographic and health survey questions were
taken from a locally developed questionnaire used in the
Chemo-Gut Pilot Study.19 These questions were developed
based on patient engagement, feedback from the cancer com-
munity, and coauthor expertise. Patient demographics included 8
items regarding current age, sex, ethnicity, education, marital
status, community (ie rural or metropolitan), income, and Ca-
nadian province. Details of items and selection options can be
found in the supplementary data, Table S1. Clinical variables
consisted of 7 items including age at diagnosis, cancer type and
stage, whether the cancer was metastatic, treatments received,
time since last/final treatment, and maintenance therapies. De-
tails of response options can be found in Table 1. The “Gas-
trointestinal Function” subsection consisted of 4 items that
explored the type, duration, and severity of GI symptoms sur-
vivors felt they had developed after the completion of treatment.
Items included the duration of time of GI symptoms, in months,
and GI symptom type (i.e. constipation, diarrhea, belly pain and
bloating, nausea, food allergy or intolerance developed after
treatment, and mouth sores), where participants could select as
many symptoms as were applicable to them. GI symptom se-
verity interference were rated on a 10-point Likert scale from
“not at all” (0) to “extremely” (10). Details of response options
for GI outcomes can be found in Table 2.

PROMIS Measures

The PROMISGlobal Health (v1.2) is a validated scale used to
evaluate survivors’ self-reported mental and physical
health.27 The Global Health scale includes 10 statements
about physical and mental health, which are rated on a 5-point
Likert scale, with the exception of pain severity which is rated
on a scale from 0 (no pain) to 10 (worst pain imaginable).

PROMIS Gastrointestinal scales for belly pain (v1.0, 5a),
gas and bloating (v1.1, 13a), constipation (v1.0, 9a), and
diarrhea (v1.0, 6a) were used. The PROMIS GI scales are
reliable and validated measures that have been used in pa-
tients with chronic GI diseases, such as irritable bowel
syndrome and inflammatory bowel disease, including
Crohn’s disease.28,29 These measures assess the frequency,
severity, and degree of interference for each GI symptom,
which are rated on a 5-point Likert scale.

Procedure

The survey was made available online and shared on relevant
cancer social media platforms and via cancer community
organizations. The survey took approximately 30 minutes to
complete, and participants completed it anonymously
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through an online link. The data was securely stored in
Remote Electronic Data Capture (REDCap), which is a free,
secure, browser-based application designed to support
Electronic Data Capture (EDC) for research studies provided
through the Clinical Research Unit (CRU) in the University
of Calgary Cumming School of Medicine. The survey re-
mained open from June 2020 to February 2021. This study
was approved by the Health Research Ethics Board of Alberta
(HREBA) Cancer Committee (ID: HREBA.CC-19-0018).

Data Analysis

For aim 1, descriptive statistics and frequency analyses were
used to describe demographic and clinical characteristics of
participants, and GI, physical and mental health outcomes in
cancer survivors. Participants who did not respond or indicated
no symptoms for a particular PROMIS outcome measure were
excluded from subsequent analysis for that given outcome.
Treatment types were dummy coded as “No” (0) or “Yes” (1)
for each treatment type option (i.e. chemotherapy, surgery,
radiation, hormone therapy, and immunotherapy), and a var-
iable for “treatment group” was subsequently created to cat-
egorize patients who received chemotherapy only (1),
chemotherapy plus other treatments (2), or no chemotherapy
(3). GI symptoms were dummy coded as “No” (0) or “Yes” (1)
for each GI symptom. For aim 2, Pearson product-moment
correlations were used to examine whether GI symptoms were
associated with mental and physical health. To address aim 3, 5
linear regression models were used to examine whether
treatment type predicted each GI symptom. All treatment types
were entered into the models to examine whether chemo-
therapy was associated with GI symptoms while holding
constant receipt of other treatment types. Beta values reported
are unstandardized. All statistical analyses were completed
using IBM SPSS version 28, with alpha set at p = .05.

Results

Participants

Demographic characteristics of the study participants are shown
in supplementary data (Table S1). A total of 317 survivors
participated in the study. Mean current age was 49.63 years old
(SD = 14.77). Most participants were female (84.2%), white
(92.4%), and had post-secondary education (83%). Nearly half
(48.3%) had an annual income between $50,000 to less that
$120,000, about two-thirds of participants were partnered
(63.1%), either married or common-law, and most were from
metropolitan living centers (73.2%). While there was partici-
pation from survivors in most Canadian provinces, the majority
were from Alberta (35.6%) and Ontario (35.3%).

Table 1 summarizes the clinical cancer and treatment-
related variables of participants (N = 317). Mean age at
diagnosis was 40.90 years old (SD = 15.40). Cancer types
ranged, although nearly half of participants were breast

Table 1. Clinical and treatment-related variables
(Sample N = 317).

Cancer Variables

Age at diagnosis

M = 40.90,
SD = 15.40

n %

Cancer Type
Breast 135 42.6
Hodgkin lymphoma 26 8.2
Non-hodgkin lymphoma 14 4.4
Leukemia 14 4.4
Thyroid 7 2.2
Cervical 17 5.4
Uterine/endometrial 7 2.2
Ovarian 13 4.1
Prostate 6 1.9
Testicular 3 0.9
Colorectal 22 6.9
Sarcoma (bone and soft tissue) 11 3.5
Renal/bladder 1 0.3
Central nervous system 9 2.8
Lung 5 1.6
Head and neck 13 4.1
Other 12 3.8
No response 2 0.6

Cancer Stage
I 48 15.1
II 99 31.2
III 87 27.4
IV 39 12.3
Unsure 36 11.4
No response 8 2.5

Metastatic Cancer
Yes 43 13.6
No 244 77.0
Unsure 29 9.1
No response 1 0.3

Treatment related variable
Treatment Group
Chemotherapy only 30 9.5
Chemotherapy plus other treatments 243 76.7
No chemotherapy 43 13.6
No response 1 0.3

Time off Treatment
Less than 3 months 27 8.5
3 to 6 months 22 6.9
6 to 12 months 33 10.4
1 to 2 years 51 16.1
2 to 3 years 32 10.1
3 to 4 years 26 8.2
4 to 5 years 24 7.6
5 to 10 years 53 16.7
More than 10 years 30 9.5

(continued)
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cancer survivors (42.6%), followed by hematological cancers
(21.2%) and colorectal cancer (6.9%). Most survivors were
diagnosed with stage II (31.2%) or III (27.4%) cancers, which
were non-metastatic (77%). Cancer treatment related vari-
ables for participants are also shown in Table 1. Most sur-
vivors received chemotherapy (86.1%), about three-quarters
received surgery (79.2%), and two-thirds received radiation
therapy (63.4%). Fewer survivors received hormone (29%) or
immunotherapy (9.8%). Cumulatively, 76.7% of survivors
received chemotherapy plus other treatments, 9.5% received
chemotherapy only, and 13.6% received no chemotherapy.
Time off treatment ranged from less than 3 months to more
than 10 years, with about half (52%) of survivors being up to
3 years post-treatment, and about one-quarter (26.2%) being
5 or more years post treatment.

Aim 1: Describing GI, physical, and mental
health outcomes

Table 2 summarizes the type, severity and duration of GI
symptoms reported by cancer survivors. Participants reported
multiple symptoms, but the most common were con-
stipation (53.6%), diarrhea (50.5%), and belly pain and

bloating (54.9%). A little more than one-third reported
nausea (38.2%) and just over one-quarter of survivors
reported developing a food allergy or intolerance since
treatment (27.8%). When asked to rate just one GI
symptom as the worst, 23.7% of survivors indicated belly
pain and bloating as the worst, followed by constipation
(18%). When asked to rate the degree of interference from
GI symptoms, most survivors rated theirs as moderate
(29.7%), although nearly one-quarter (22.2%) indicated
high to extreme GI interference severity. The mean du-
ration of time for GI symptoms experienced since the end
of cancer treatment was 30.53 months (SD = 33.42), and
ranged from 0 (i.e. finished less than 1 month ago) to
144 months.

Table 2. GI symptoms (sample N = 317).

GI Symptom n %

Constipation
No 147 46.4
Yes 170 53.6

Diarrhea
No 157 49.5
Yes 160 50.5

Belly Bloating and Pain
No 143 45.1
Yes 174 54.9

Nausea
No 196 61.8
Yes 121 38.2

Food Allergy or Intolerance (developed after treatment)
No 229 72.2
Yes 88 27.8

Mouth Sores
No 272 85.8
Yes 45 14.2

GI Symptom rated as “worst”
Constipation 57 18.0
Diarrhea 42 13.2
Belly pain/bloating 75 23.7
Nausea 27 8.5
Food allergy 27 8.5
Mouth sores 6 1.9
No response 83 26.2

GI Symptom Interference
Not at all 34 10.7
Mild (1–3) 67 21.1
Moderate (4–6) 94 29.7
High (7–9) 58 18.4
Extremely 12 3.8
No response 52 16.4

Time with GI Symptoms (months) (n = 207) M = 30.53,
SD = 33.42

Range = 144
months

Table 1. (continued)

Cancer Variables

Age at diagnosis

M = 40.90,
SD = 15.40

n %

No response 19 6.0
Individual treatments
Chemotherapy
No 44 13.9
Yes 273 86.1

Surgery
No 66 20.8
Yes 251 79.2

Radiation
No 116 36.6
Yes 201 63.4

Hormone Therapy
No 225 71.0
Yes 92 29.0

Immunotherapy
No 286 90.2
Yes 31 9.8

Maintenance Therapy
Yes 93 29.3
No 214 67.5
Unsure 8 2.5
No response 2 0.6
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Results of the PROMIS GI, mental and physical health
outcome measures are shown in Table 3. For mental health
(M = 42.72, SD = 8.16) and physical health (M = 45.44,
SD = 7.93), survivors scored poorer than the PROMIS
healthy reference population (M = 50).27 For GI symp-
toms, survivors reported more belly pain (M = 56.10, SD =
8.58), constipation (M = 54.38, SD = 6.81), diarrhea (M =
55.69, SD = 6.77), and gas/bloating (M = 56.08, SD =
8.12) compared to the reference population.29

Aim 2: Association between GI symptoms and mental
and physical health

As seen in Table 4, correlation analyses revealed that greater
severity of each of the GI symptoms (i.e., belly pain, con-
stipation, diarrhea, gas/bloating, and GI interference) was
associated with poorer mental health (rs = �.20 to �.37,
ps<.01) and poorer physical health (rs = �.21 to �.43,
ps<.01).

Aim 3: Associations between cancer treatment type
and GI symptoms

As seen in Table 5 and consistent with our hypothesis,
treatment with chemotherapy was associated with increased
belly pain (B = 4.83, SE = 1.65, P < .01) and gas/bloating (B =
3.06, SE = 1.45, P = .04). There was also a trend toward
receipt of chemotherapy being associated with GI interfer-
ence (B = 1.05, SE = .55, P = .06). Radiation therapy was
associated with diarrhea (B = 2.14, SE = 1.07, P < .05).

Discussion

This exploratory study investigated cancer treatment-related
GI symptoms, and mental and physical health outcomes in
adult cancer survivors in Canada. Most survivors (86.1%)
received chemotherapy, and reported numerous GI symptoms
after cancer treatments had ended, especially belly pain,
bloating and constipation. GI symptoms lasted on average for
2.5 years in these survivors, but ranged up to 12 years post-
treatment. Importantly, about half (51.9%) of the survivors
rated the interference from their GI symptoms as moderate to
severe. This is consistent with previous research suggesting
that chronic post-treatment GI issues occur in cancer survi-
vors.8 However, the duration of time, type, and especially the
severity of post-treatment GI symptoms experienced were
previously uncharacterized in the current literature. This
study provides compelling new evidence that a considerable
proportion of cancer survivors do suffer from GI symptoms
for several months or years post-treatment, and that for at
least half of these survivors their GI symptoms are causing
significant interference with their wellbeing.

Research in other patient cohorts, such as those with IBS,
have found that patients tend to experience co-morbid GI

symptoms and psychosocial health issues.15,16 Given this, we
investigated whether GI symptoms were associated with
mental and physical health in cancer survivors. Results re-
vealed that greater severity of each GI symptom, specifically
belly pain, constipation, diarrhea, gas/bloating, and GI in-
terference, was significantly associated with poorer mental
and physical health in these cancer survivors. Many cancer
survivors experience psychosocial challenges such as anxi-
ety, depression, cognitive dysfunction and fatigue after
treatments for cancer have ended.4,6,7 Further, GI symptoms
may exacerbate and be exacerbated by psychological distress,
further compounding the symptom burden of cancer survi-
vors. While some psychological-based therapies can help
with treating psychosocial symptoms in cancer survivors,30

underlying mechanisms that may contribute to the etiology
and course of psychosocial problems require further
investigation.

Mounting evidence suggests that chemotherapy is a key
factor in the development of GI symptoms both during and
after treatment.8-10,31 As such, the present study also in-
vestigated associations between cancer treatment type, spe-
cifically chemotherapy, and GI symptoms. Consistent with
our hypothesis, treatment with chemotherapy was signifi-
cantly associated with increased belly pain, and gas and
bloating. Notably, the data revealed a trend towards che-
motherapy treatment being associated with GI interference,
although this was not statistically significant. These results
suggest that chemotherapy treatment may warrant further
investigation as to whether it plays a role in the development
of certain GI symptoms, specifically belly pain and gas and
bloating, and potentially also in the degree of GI interference
survivors experience.

Chemotherapy has been shown to induce a dysbiotic state in
the gut microbiota, increasing intestinal permeability and
circulation of proinflammatory cytokines,12,22,23,32,33

which has implications for psychosocial health. For in-
stance, under times of stress, illness or infection, the
protective epithelial layer of the gut can be compromised
leading to increased intestinal permeability, “leaky gut”,
circulation of bacterial lipopolysaccharide (LPS), and
endotoxemia.34,35 Subsequently, an inflammatory response
is initiated, including increased systemic and central pro-
inflammatory cytokine activity, dysregulation of neuro-
transmitters, such as serotonin, and the manifestation of
sickness behaviours, including depression-like symptoms,
cognitive dysfunction, and fatigue.34,35 Importantly, gut
microbiota dysbiosis is associated with GI symptoms and
also the onset of cytokine induced sickness behaviours,
such as lethargy, social withdrawal, anxiety, cognitive
dysfunction and anhedonia.34,36,37 Additionally, recent
data suggest that in survivors, chemotherapy affects gut
microbiota alpha diversity and taxonomic abundance after
treatment has ended, and that certain bacteria are associated
with psychosocial and GI symptoms.19 Hence, chemo-
therapy induced dysbiosis of the gut microbiota may be one
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common mechanism by which patients experience co-
morbid GI symptoms and psychosocial problems follow-
ing treatment.

Radiation treatment was associated with symptoms of di-
arrhea. This finding is consistent with previous literature
showing that cancer patients receiving pelvic radiotherapy
frequently experience radiation-induced diarrhea and damage to
the GI tract.8,10,38 Since almost one-quarter (20.5%) of partic-
ipants in this studywere survivors of cancers of the pelvic region
(e.g. cervical, prostate, colorectal) and about two-thirds (63.4%)
of participants reported receiving radiation therapy, it is likely
that many survivors in this study were treated with pelvic ra-
diotherapy, in combination with chemotherapy, and experienced
diarrhea as a result of this.

Findings from the present study hold implications for clinical
oncology practice and research. Specifically, in addition to
screening for cancer-related and psychosocial symptoms in
survivors of cancer, improved screening, and discussionwith the
health care team around chronic GI symptoms should also be
included in clinical care. As noted byAndreyev et al., chronic GI
issues are under-reported in the literature and by cancer patients,
and current screening tools may fail to capture symptoms that
are especially concerning to patient.8 As shown in the present
study, GI symptoms are associated with mental and physical

Table 5. Associations between treatment type and gastrointestinal symptoms.

Gastrointestinal Symptom Treatment Type Unstd. B SE p

Belly pain Chemotherapy 4.83 1.65 <.01
Surgery 1.44 1.42 .31
Radiation �.63 1.15 .58
Hormone �1.09 1.25 .38
Immunotherapy �2.66 1.84 .15

Constipation Chemotherapy 1.82 1.36 .18
Surgery 1.50 1.17 .20
Radiation �.27 .94 .77
Hormone �.10 1.00 .92
Immunotherapy �.17 1.41 .90

Diarrhea Chemotherapy 1.67 1.47 .26
Surgery �.71 1.28 .58
Radiation 2.14 1.07 <.05
Hormone �.92 1.12 .42
Immunotherapy .77 1.72 .66

Gas/bloating Chemotherapy 3.06 1.45 .04
Surgery �.56 1.32 .67
Radiation �1.01 1.05 .33
Hormone .71 1.12 .53
Immunotherapy �.24 1.60 .88

Gastrointestinal symptom interference Chemotherapy 1.05 .55 .06
Surgery .00 .46 .99
Radiation �.20 .37 .58
Hormone .43 .39 .26
Immunotherapy .02 .58 .97

Note. Significant associations (P < .05) in bold.

Table 4. Associations between GI symptoms, and physical and
mental health.

GI Symptoms Physical Health Mental Health

Belly pain r = -.41, P < .001 r = -.37, P < .001
Constipation r = -.30, P < .001 r = -.24, P < .001
Diarrhea r = -.21, P < .01 r = -.20, P < .01
Gas and bloating r = -.33, P < .001 r = -.30, P < .001
GI interference r = -.43, P < .001 r = -.37, P < .001

Note. Significant associations in bold.

Table 3. PROMIS Gastrointestinal, Global Mental and Physical
Health Outcomes.

PROMIS Outcomes

N Minimum Maximum Mean SD

Mental health 296 24.1 67.6 42.72 8.16
Physical health 297 26.5 67.7 45.44 7.93
Belly pain 247 41.0 77.3 56.10 8.58
Constipation 243 38.8 79.2 54.38 6.81
Diarrhea 194 42.8 75.1 55.69 6.77
Gas and bloating 274 34.7 73.4 56.08 8.12
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health, and chemotherapy may be a contributing factor to some
GI symptoms. Additionally, GI symptoms may exacerbate and
be exacerbated by psychological distress, further compounding
the symptom burden of cancer survivors. The timing and di-
rectionality of these associations are an important direction for
future research. More attention should be paid to chronic GI
symptoms in cancer survivors both in clinical settings and in
research. The results from this study will help to inform future
longitudinal research on the gut microbiota, and GI and psy-
chosocial health in cancer survivors. Elucidating the mecha-
nisms that contribute to chronic GI symptoms in cancer
survivorsmay help to improve current treatments and inform the
development of novel therapies.

Limitations

There are some limitations of the present study that warrant
acknowledgement. Despite best efforts to recruit a diverse
sample, the present study experienced limited diversity in
participant demographics as most survivors were female,
white and educated. Although we did have reasonable di-
versity in terms of cancer stage and type, a considerable
proportion of survivors were those with a breast cancer di-
agnosis. The combination of these factors may compromise
the generalizability of the findings to a certain degree. Ad-
ditionally, as this study relied on self-report measures there is
potential for some bias in participants reporting of symptoms
and treatment history. Nevertheless, patient reported out-
comes have been established as a reliable and valid way of
collecting meaningful and valuable data on patients lived
experiences with cancer.39 As the data were collected during
the COVID-19 pandemic, results must be interpreted with
caution since periods of isolation and other pandemic-related
stressors may have adversely affected patients GI and psy-
chosocial health. Studies conducted during the pandemic
suggest that people with cancer were adversely affected more
than healthy peers, and particularly among younger survivors
of cancer.40 As well, it is possible that more anxiety and/or
stress in survivors may be associated with GI symptoms,
likely in a bidirectional manner, which would be consistent
with other unpublished work our team recently completed.
However, since distress and anxiety were not directly mea-
sured in this study, this is a limitation and an important area
for future research. Lastly, as this survey study was anony-
mous there was no way to validate whether respondents were
indeed cancer survivors, or confirm diagnostic or treatment
information including specific types and doses of chemo-
therapy treatment received, and whether patients were cur-
rently taking other medications to treat GI or psychosocial
concerns. However, this would be a valuable avenue for
future research to better understand whether specific types
and doses of chemotherapy may be especially implicated in
chronic GI symptoms in survivors. Notably, since no com-
pensation was offered for study participation and the study
required about 30 minutes of participants time, it stands to

reason that respondents were unlikely to participate if they
were not in fact cancer survivors who wished to share their
experience.

Conclusion

This study provides novel evidence that many cancer sur-
vivors experience chronic GI symptoms following cancer
treatments, and that these GI symptoms may be a contributing
factor in survivors compromised health, such that more se-
vere GI symptoms may contribute to poorer physical and
mental health outcomes. Moreover, chemotherapy was found
to be significantly associated with specific GI outcomes, and
radiation therapy with diarrhea. These findings present op-
portunities for better understanding the etiology of persistent
GI and psychosocial issues in cancer survivors, and for the
development of novel treatments that target not only the mind
(i.e. psychosocial health) but also the gut. Future research
would benefit from using prospective studies specifically
designed to investigate relationships between cancer treat-
ment related factors, such as chemotherapy, and the impact on
GI and psychosocial health. Carefully designed studies will
reduce bias and provide a more comprehensive understanding
of factors related to chronic GI problems, and allow for
causative associations to be revealed which may help health
care providers to better prevent and/or treat these health issues
in cancer survivors.
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