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Abstract: Background: Health behaviors, such as diet and exercise, are actions individuals take that
can potentially impact gastrointestinal (GI) symptoms and the gut microbiota. Little is known about
how health behaviours impact GI symptoms and the gut microbiota after anti-cancer therapies.
Methods: This is a secondary analysis of a cross-sectional study that investigated relationships be-
tween GI symptoms, gut microbiota, and patient-reported outcomes in adult cancer survivors. Gut
microbiota was assessed from stool samples using 165 rRNA gene sequencing. GI symptoms and
health behaviors were measured via self-report. Descriptive statistics, linear regression, and corre-
lation analyses are reported. Results: A total of 334 cancer survivors participated and a subsample
of 17 provided stool samples. Most survivors rated their diet as moderately healthy (55.7%) and
reported engaging in low intensity exercise (53.9%) for <5 hours/week (69.1%). Antibiotic use was
associated with more belly pain, constipation, and diarrhea (p<.05). Survivors consuming a health-
ier diet had fewer symptoms of gas/bloating (p= 0.02). Better diet health was positively correlated
with Lachnospiraceae abundance, and negatively with Bacteroides abundance (ps <.05). Greater
exercise frequency positively correlated with abundance of Lachnospiraceae, Faecalibacterium, Bac-
teroides, Anaerostipes, Alistipes, and Subdoligranulum. (ps<.05). Conclusion: Results provide evi-
dence for associations between dietary health behaviours and GI symptoms. Diet and exercise be-
haviours are related to certain types of bacteria, but the direction of causality is unknown. Dietary-
based interventions may be optimally suited to address survivors” GI symptoms by influencing the
gut microbiota. Larger trials are needed.

Keywords: Health behaviors; gastrointestinal symptoms; gut microbiota; diet; exercise; cancer sur-

vivors.

1. Introduction

Health behaviours, specifically diet and exercise, are a crucial part of maintaining
human health and a key strategy in cancer prevention [1, 2]. Yet cancer rates continue to
rise, with an estimated 233,900 Canadians being diagnosed with cancer in 2022 [3], and
1.9 million new cancer cases and 609,360 cancer deaths for Americans that same year [4].
Two factors that can impact cancer prevention and survival include modifiable health
behaviours, specifically exercise and nutrition. However, despite the growing body of
evidence demonstrating numerous beneficial effects of exercise and healthy dietary
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behaviours [5-7], many individuals continue to engage in a sedentary lifestyle and poor
nutritional habits.

Diet, Exercise, and Cancer

Health behaviours are actions that can directly affect one’s health outcomes. Smok-
ing tobacco, excessive consumption of alcohol, unhealthy diet, and inactivity are prime
examples of adverse health behaviours that increase one’s risk of developing cancer [2].
Concerning diet, studies have found that healthy dietary behaviours exert protective
effects against cancer risk and mortality [8, 9]. A “healthy diet” has previously been de-
fined as “health-promoting and disease-preventing. It provides adequacy without ex-
cess, of nutrients and health-promoting substances from nutritious foods and avoids the
consumption of health-harming substances” [10]. In addition to the detrimental effects
of unhealthy dietary behaviours on physical health, implications for mental health are
also evident. Specifically, dietary patterns with high consumption of processed sugars
and meats, which are known carcinogens [11, 12], and limited fruit and vegetable intake,
such as the Standard Western diet, is characterized by local inflammation of the GI tract
and increased intestinal permeability [13], and associated with greater incidence and
severity of mental health conditions and symptom burden, including depression [14].

The American Institute of Cancer Research [15], the American Cancer Society [1],
and other organizations have published numerous, evidence-based resources and guide-
lines to support clinicians in counselling patients, and individual patients in making in-
formed decisions about their dietary choices. However, there exists a paucity of evidence
describing dietary health behaviours among survivors of cancer, particularly in compari-
son to healthy peers. Moreover, evidence-based nutritional guidance from health care
providers throughout the cancer care continuum has been identified as one of the main
unmet needs for patients and their families [16]. This is an important gap in the litera-
ture and clinical practice, since survivors’ dietary behaviours hold implications for can-
cer recovery, and establishing and maintaining health and longevity after a cancer diag-
nosis.

Physical inactivity has also been linked to increased risk for cancer and poorer sur-
vival post-diagnosis [8]. The American Cancer Society recommends that adult cancer
survivors engage in 150 to 300 minutes of moderate-intensity, or 75 to 150 minutes of
vigorous-intensity, physical activity per week with an emphasis on aiming to meet or
exceed the upper limit of 300 minutes [1]. However, research indicates that relative to
healthy peers with no history of cancer, survivors of cancer tend to engage in less physi-
cal activity [17] that does not meet the recommended guidelines. This is despite a pleth-
ora of evidence showing that survivors’ engagement in physical activity exerts protec-
tive effects against cancer recurrence, improved physical function, and overall quality of
life [1, 18].

Several mechanisms have been elucidated that link the beneficial effects of both
healthy diet and exercise on health outcomes. These include maintenance of homeostasis
and glucose response [19], reduced systemic inflammation and expression of pro-inflam-
matory cytokines [20], and improved regulation of the stress response [21]. Additionally,
in recent years an expansion of evidence from both human and animal studies strongly
implicates the role of health behaviours, and especially diet, in modulating the composi-
tion and function of the gut microbiota. This has implications for physical and mental
health in individuals and may be especially crucial in supporting the recovery in survi-
vors of cancer post anti-cancer therapy.

Health Behaviours Impact the Gut Microbiota
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Exercise, and especially diet, have been implicated as important health behaviour
factors impacting the human gut microbiota, which consists of the community of micro-
organisms, notably bacteria, fungi, archaea and eukaryotes, that colonize the gastrointes-
tinal (GI) tract [22]. Previous studies with rodents and humans using randomized con-
trolled trials and observational designs, have shown that regular exercise can impact the
composition of the gut microbiota [6, 13]. Furthermore, several recent, comprehensive
reviews drawing on clinical and preclinical evidence have detailed how specific dietary
behaviours, such as the Mediterranean diet, can impact the gut microbiota [13, 23, 24].

While health behaviours are clearly implicated in the health and function of the gut
microbiota, adverse events such as long-term or repeated high-dose exposure to antibi-
otics can negatively impact the composition and function of the gut microbiome [25].
Recent evidence also suggests that exposure to chemotherapy treatment for cancer ad-
versely affects the gut microbiota acutely and may also result in chronic gut microbial
perturbations, with potential effects on GI and mental health [26, 27].

Primary work from our Chemo-Gut study found that within the first 6 months to 1-
year post-chemotherapy, survivors had significantly reduced gut microbiota alpha di-
versity compared to survivors greater than 1-year post-treatment and healthy peers [28].
Moreover, compared to healthy peers with no history of cancer, the relative abundances
of specific taxa remained different in survivors up to 5-years post-treatment; Certain
bacterial taxa were correlated with psychosocial outcomes, including increased depres-
sion and poorer cognitive function [28]. Our previous work also found that survivors
experience chronic, moderate to severe, GI symptoms, lasting for an average of 2.5 years
post-treatment, and that higher GI symptom burden is associated with poorer mental
health [29]. However, the potential impact of diet and exercise behaviours on survivors’
gut microbiota remains to be elucidated.

Present Study

The present study is an analysis of secondary outcomes from the Chemo-Gut pro-
ject. The objectives of this study were to: (i) describe health behaviours related to diet
and exercise in a cohort of cancer survivors; (ii) investigate associations between health
behaviours, specifically diet and exercise, and GI symptoms in a cohort of cancer survi-
vors; and (ii) explore associations between exercise and dietary health behaviours and
the gut microbiota in a subset of our sample that provided stool samples for analysis.

2. Materials and Methods

Participants

Participants for this secondary analysis were combined from both the Chemo-Gut
Pilot study [28] and the Chemo-Gut Survey study [29]. The demographic, clinical, and GI
outcome related data were similar between the two studies, thus allowing us to pool the
results for the health behaviour and GI outcome data. The full methodology including
sample size calculations are previously described [28, 29]. Briefly, participants for the sur-
vey study cohort were recruited virtually via social media channels, and the sample was
comprised of Canadians who had previously been diagnosed with cancer, were currently
aged 18 years or older, and had received and completed anti-cancer therapies (e.g. chem-
otherapy, radiotherapy). Participants for the pilot study were recruited from the Tom
Baker Cancer Centre in Calgary, Canada and via social media and local cancer support
groups. Participants in this cohort were between 18 to 39 years of age, diagnosed with a
blood cancer or solid tumor, had previously received chemotherapy, and were within 5
years from their final cancer treatments. These studies were approved by the Health Re-
search Ethics Board of Alberta Cancer Committee (HREBA.CC-19-0018).

Procedure
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All demographic, clinical, and GI outcome measures were administered via a link
made available to participants through Remote Electronic Data Capture (REDCap), a se-
cure browser-based application designed to support Electronic Data Capture for research
studies provided through the Clinical Research Unit (CRU) in the University of Calgary
Cumming School of Medicine. Full data and stool collection procedures are previously
described [28-30]. Briefly, participants were instructed to use the investigator-provided
home stool collection kit. Samples were collected in a sterile conical tube, placed in a bio-
hazard bag, and stored in the participant’s freezer until pick-up, no more than 3 days from
time of collection. Samples were picked-up by research personnel and transported on ice
directly to the University of Calgary Faculty of Kinesiology and stored at -80°C degrees
until analysis.

Demographic, clinical and GI measures

Details regarding patient reported outcomes have previously been published [29, 30].
The demographic and clinical health outcomes questionnaire was a locally designed sur-
vey that was developed based on patient partner input, and coauthor expertise. Data col-
lected and used for this secondary analysis included dietary and exercise behaviours. Di-
etary behaviours related use of antibiotics or probiotics within the last 2 years, dummy
coded as No (0) or Yes (1). We also inquired about the number of times per week partici-
pants consumed processed foods/meals, and their self-rated diet healthiness. Specifically,
we asked, “on average, how many times per week do you consume ready-made/pro-
cessed meals (e.g. macaroni and cheese, pizza from a box, etc.)” and “In general, how
would you rate your current diet?”. Response options are detailed in Table 1.

For daily macronutrient consumption, we inquired about participants average intake
of vegetables, fruits, proteins, and whole grains. Examples were provided to help partici-
pants quantify their intake. For instance, regarding vegetable consumption the question
stated: “a standard serving of vegetables is about 75g (24 — 84 calories) (e.g. ¥2 cup cooked
green or orange vegetables (e.g. broccoli, carrots), ¥2 cup cooked dried or canned beans,
peas or lentils, or 1 cup green leafy or raw salad vegetables). On average, how many serv-
ings of vegetables do you consume each day?”. Response options are shown in Table 1.

Exercise behaviours pertained to the average frequency of exercise per week, specif-
ically we asked, “on average, how many hours each week of exercise do you get?”, as well
as intensity, inquiring, “on average, how would you rate the intensity of your exercise?”.
Response options are noted in Table 1. Regarding intensity, examples were provided for
each (i.e. “low intensity” is walking at a normal pace; “moderate intensity” could be jog-
ging or weight lifting; “high intensity” includes high intensity interval training (HIIT),
spin class, etc.) to help participants quantify the intensity of their exercise.

Gl symptoms included patient-reported outcomes for constipation, diarrhea,
gas/bloating, and abdominal pain as measured using the National Institutes for Health
(NIH) Patient-Reported Outcomes Measurement Information System (PROMIS) [31].
PROMIS measures are person-centered, validated, and reliable tools used to evaluate a
variety of health-related outcomes in people with health conditions, including cancer and
GI disorders [32-34].

Gut microbiota profiling and bioinformatics

Complete details regarding gut microbiota profiling and bioinformatics analysis are
reported previously [28]. Briefly, bacterial DNA was extracted from ~60 mg of fecal matter
using the FastDNA Spin Kits for feces (MP Biomedicals, Lachine, QC, Canada). The sam-
ples were then diluted to 4 ng/uL using the PicoGreen DNA quantification kit (Invitrogen,
Carlbad, CA, USA) and stored at -20°C until sequencing. The MiSeq Illumina platform
amplified the V3 and V4 region of the 165 rRNA gene (Illumina, San Diego, CA, USA),
which was used to evaluate microbial composition. Bacterial DNA samples were
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sequenced at the University of Calgary’s Centre for Health Genomics and Informatics.
Bioinformatics were processed using R (version 4.1.2). Raw bacterial DNA sequence reads
were pre-processed using DADA2 (version 1.22.0) [35]. ASV taxonomic classification was
assigned using the Silva database (version 138.1) [36], plots and summary statistics were
provided using the phyloseq package (version 1.38.0) and the summary function from
base R.

Data analysis

To address objective 1, descriptive statistics and frequency analyses were used to
describe health behaviours related to diet and exercise in this cohort of cancer survivors.
For objective 2, investigating associations between health behaviours and GI symptoms,
linear regression analyses were used. Antibiotic and probiotic use, and diet (i.e. self-rated
diet healthiness, processed foods, and macronutrients including fruits, vegetables, whole
grains, and protein), and exercise (i.e. frequency and intensity) behaviours were entered
into the regression models to explore whether these behaviours were associated with GI
symptoms (i.e. gas/bloating, belly pain, constipation, and diarrhea). Beta values are re-
ported as unstandardized. To address objective 3, Spearman’s rho correlation analyses for
non-parametric data were used to explore associations between antibiotic and probiotic
use, dietary, and exercise health behaviours and the gut microbiota. Only the first 30 most
abundant ASV’s with n >10 cases were used for analysis [37]. As this objective was explor-
atory and utilized a small sample, corrections for multiple comparisons were not con-
ducted which increases the potential risk for Type I errors. Statistical analyses were com-
pleted using IBM Statistical Package for the Social Sciences (SPSS) version 28, with alpha
set at p< 0.05.

3. Results

3.1. Objective 1: Describing the health behaviours of cancer survivors

Our sample consisted of N=334 survivors of cancer. The mean current age of survi-
vors was 46.2 (SD= 14.8) years, while the average age at diagnosis was 40.3 (SD=15.2)
years old. The sample was primarily female (83.2%) and comprised mainly of survivors
of breast (41%), haematological (19.5%), gynecological (11.1%), and colorectal (6.6%) can-
cers. Cancer stages ranged from I through IV, although the majority of participants had
been diagnosed with stage II (30.2%) or III (26.9%) malignancies. Most (86.8%) partici-
pants had received chemotherapy treatment, followed by surgery (76.9%) and radiation
(61.1%). Complete details of participant and treatment related outcomes are previously
reported elsewhere [28, 29].

Data regarding diet and exercise related health-related behaviours are summarized
in Table 1. Within the last 2 years 34.7% of survivors reported using probiotics, while
47.3% reported using antibiotics. Overall, survivors tended to rate their diet as moder-
ately healthy (55.7%), and reported consuming none (50.9%) or few (39.8%) processed
foods or meals per week. Regarding macronutrients, 38.6% report consuming 2 or fewer
servings of vegetables or fruits (52.1%) per day, while about half (48.8%) reporting con-
suming 2 to 4 servings of protein per day. Daily consumption of 2 or fewer servings of
whole grains were reported by 48.2% of participants. Most survivors reported engaging
in exercise for 2 or less (32.3%) or 3 to 5 (36.8%) hours per week. A low exercise intensity
was most frequently reported by 53.9% of participants.

Table 1. Diet and exercise health behaviours in cancer survivors.
Health behaviour % (n)

Antibiotic use (< 2 years)
Yes 47.3 (158)
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No

Nonresponse

Probiotic use (< 2 years)
Yes
No

Nonresponse

Self-rated diet healthiness

Somewhat unhealthy or unhealthy
Moderately healthy

Healthy

Nonresponse

Consumption of processed foods/meals (per week)

0

1to3
4t06
7to9

Nonresponse

Servings of vegetables (per day)
2 or less

3tob

6to8

More than 9

Nonresponse

Servings of fruits (per day)
2 or less

3to5

6to8

More than 9

Nonresponse

Servings of proteins (per day)
Less than 2

2to4

More than 4

Nonresponse

Servings of whole grains (per day)
2 or less

3to5

6to8

More than 8

Nonresponse

Exercise frequency (hours per week)

2 or less
3to5

44.6 (149)
8.1(27)

34.7 (116)
59.0 (197)
6.3 (21)

17.1 (57)

55.7 (186)
21.9 (73)
5.4 (18)

50.9 (170)
39.8 (133)
3.0 (10)
0.3 (1)
6.0 (20)

38.6 (129)
46.7 (156)
7.8 (26)
1.5 (5)
5.4 (18)

52.1 (174)
38.0 (127)
3.9 (13)
0(0)
6.0 (20)

34.1 (114)

48.8 (163)
11.4 (38)
5.7 (19)

48.2 (161)
41.3 (138)
3.6 (12)
0.3 (1)
6.6 (22)

32.3 (108)
36.8 (123)
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6to9 18.3 (61)
9 or more 8.7 (29)
Nonresponse 3.9 (13)
Exercise intensity

Low (e.g. walking) 53.9 (180)
Moderate (e.g. jogging) 38.3 (128)
High (e.g. HIIT, spin) 3.9 (13)
Nonresponse 3.9 (13)

3.2. Objective 2: Associations between health behaviours and GI symptoms

For GI symptoms, participants ranged from minimum outcome values indicating
few to no symptoms that are within “normal” range, to scores >70, indicative of severe GI
symptoms associated with poorer health (see Table 2) [38]. However, the only symptom
reported with a mean value higher than the reference population was gas/bloating (M=
56.2, SD= 8.1), indicating a clinically meaningful difference from the healthy population
normative score of 50 [39].

Table 2. PROMIS measures for GI symptoms.

GI Symptom N Minimum = Maximum Mean SD
Belly Pain 305 34 77 52.7 11.2
Constipation 285 37 79 52.5 8.4
Diarrhea 282 40 75 51.1 9.1
Gas/bloating 287 35 73 56.2 8.1

Table 3 details the results of the regression analysis examining whether consumption
of antibiotics or probiotics was predictive of GI symptoms. Antibiotic use within the past
2 years was associated with more symptoms of belly pain (B=4.02, SE=1.30, p< .00), con-
stipation (B= 2.71, SE=1.03, p< .00), and diarrhea (B=2.91, SE=1.16, p< .01). Probiotic use
was associated with more belly pain (B= 4.09, SE= 1.35, p< .00) and gas/bloating (B= 3.64,
SE=1.00, p<.00) symptom:s.

Table 3. Associations between antibiotic and probiotic use and GI symptoms.

GI symptom Antibiotic and probioticuse = Unstd. B SE p

Belly pain Antibiotic 4.02 1.30 .00
Probiotic 4.09 1.35 .00

Constipation Antibiotic 2.71 1.03 .01

Probiotic 0.29 1.07 79
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Diarrhea Antibiotic 291 1.16 .01
Probiotic 1.34 1.16 .25
Gas/bloating Antibiotic 1.83 0.97 .06
Probiotic 3.64 1.00 <.00

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

Table 4 reports the results of the regression analyses for dietary behaviours and GI
symptoms. We found that lower protein consumption at 2 or fewer servings daily was
associated with more belly pain symptoms (B=-2.12, SE=1.06, p< .05), while lower con-
sumption of whole grains was associated with fewer symptoms of constipation (B=1.77,
SE= .88, p<.05). Better self-rated diet healthiness was associated with fewer symptoms of
gas/bloating (B=-2.01, SE= .89, p< .02).

Table 4. Associations between dietary behaviours and GI symptom:s.

GI symptom Dietary behaviour Unstd. B SE P
Belly pain Diet healthiness -1.71 1.19 15
Processed foods 1.33 1.24 .28
Vegetables 0.28 1.08 79
Fruits -0.02 1.19 .99
Protein -2.12 1.06 .05
Whole grains -1.05 1.13 .36
Constipation Diet healthiness -0.56 0.92 .54
Processed foods 1.41 0.97 15
Vegetables -0.21 0.84 .80
Fruits -0.25 0.93 79
Protein -1.29 0.82 a2
Whole grains 1.77 0.88 .05
Diarrhea Diet healthiness -0.78 1.01 44
Processed foods 1.45 1.07 17
Vegetables -0.13 0.92 .89
Fruits -0.29 1.02 78

Protein -0.30 091 74
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Whole grains -0.84 0.97 .39
Gas/bloating Diet healthiness -2.01 0.89 .02
Processed foods 0.18 0.93 .85
Vegetables 0.75 0.81 .35
Fruits 0.12 0.89 .89
Protein -0.68 0.79 .39
Whole grains -0.69 0.85 42

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

Table 5 shows associations between exercise behaviours and GI symptoms. The
regression analysis revealed no significant relationships between exercise frequency or
intensity and any of the GI symptomes.

Table 1. Associations between exercise behaviours and GI symptoms.

Gl symptom Exercise behaviour Unstd. B SE p
Belly pain Frequency -1.02 0.73 .16
Intensity 0.32 1.19 .79
Constipation Frequency -0.57 0.57 .32
Intensity 0.83 0.93 37
Diarrhea Frequency -0.34 0.62 .58
Intensity 0.29 1.01 7
Gas/bloating Frequency -0.86 0.54 A1
Intensity 0.70 0.88 43

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

3.3. Objective 3: Correlations between health behaviours and the gut microbiota

Spearman’s rho correlation analysis for non-parametric data were used to examine
relationships between bacterial taxonomic composition and dietary and exercise health
behaviours in a subset of 17 survivors. Figure 1 illustrates correlations between antibiotic
and probiotic use and specific taxa. Only antibiotic use significantly correlated with any
of the microbial taxa. Specifically, Lachnospiraceae (ASV-1) (rho= .55, p=.02), Bacteroides
(ASV-9) (rho= .75, p< .01), and Lachnospiraceae (ASV-26) (rho= .60, p=.02) correlated posi-
tively with antibiotic use.
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Figure 1. Heatmap of correlations between antibiotic and probiotic use behaviours and ASV’s at the
order (o), family (f), and genus (g) levels in cancer survivors. Spearman’s rho is presented. Values
for n range from 10 — 17. Bolded correlations are statistically significant at the p<.01 level. All other
correlations statistically significant at the p<.05 level.

As seen in Figure 2, for dietary behaviours, Lachnospiraceae (ASV-3) was positively
correlated with self-rated diet health (rho= .51, p=.05), while Bacteroides (ASV-14) corre-
lated negatively (rho=-.62, p= .02) with diet healthiness. Fruit consumption was positively
correlated with both Lachnospiraceae (ASV-12) (tho=.80, p<.001) and Subdoligranulum (ASV-
29) (rho= .61, p=.02). Consumption of whole grains was positively correlated with Lachno-
spiraceae (ASV-3) (tho= .63, p= .01), but negatively correlated with Anaerostipes (ASV-11)
(tho=-.59, p=.02).
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Figure 2. Heatmap of correlations between dietary health behaviours and ASV’s at the order (o),
family (f), and genus (g) levels in cancer survivors. Spearman’s rho is presented. Values for n range
from 10 — 17. Bolded correlations are statistically significant at the p<.01 level. All other correlations
statistically significant at the p<.05 level.

Figure 3 illustrates the correlations between exercise related health behaviours, specifi-
cally exercise frequency and intensity, and bacterial taxa. Exercise frequency was posi-
tively correlated with Lachnospiraceae (ASV-1) (tho= 51, p= .04), Faecalibacterium (ASV-6)
(rho= .65, p=.01), Bacteroides (ASV-9) (rho= .66, p= .01), Anaerostipes (ASV-11) (rho= .53, p=
.04), Alistipes (ASV-27) (rho= .75, p=.01), and Subdoligranulum (ASV-29) (rho= .59, p=.03).
Meanwhile, only Lachnospiraceae (ASV-3) was negatively correlated with exercise intensity
(rho=-.63, p=.01).
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Figure 3. Heatmap of correlations between exercise health behaviours and ASV’s at the order (o),
family (f), and genus (g) levels in cancer survivors. Spearman’s rho is presented. Values for n range
from 10 — 17. Bolded correlations are statistically significant at the p<.01 level. All other correlations
statistically significant at the p<.05 level.

4. Discussion

Health behaviours in survivors of cancer
In this cohort of cancer survivors, self-rated diet healthiness was reported by over
half of the participants as being moderately healthy. Participants indicated that they con-
sumed no (50.9%), or few (39.8%) processed foods or meals per week, which is consistent
with recommendations from the American Cancer Society [1]. These data provide new
evidence describing specific dietary health behaviours in a diverse sample of cancer sur-
vivors. Considering the established link between diet and good health, previous studies
have investigated the effects of various dietary interventions in survivors of cancer [40],
yet there are a limited number of studies describing specific dietary behaviours in cancer
cohorts. Further research is needed to characterize a comprehensive range of dietary be-

haviours in cancer survivors that may impact health outcomes.

Participants’ consumption of macronutrients, and particularly vegetables and fruits,
which are known to beneficially support gut microbial health and overall health more
generally, was concerningly low. Over one-third (38.6%) of survivors reported consuming
2 or fewer servings of vegetables per day, while about half (52.1%) reported consuming 2
or fewer servings of fruit per day. Canada’s Food Guide recommends 7 to 10 daily serv-
ings of fruits and vegetables for adults [41], indicating that survivors’ in our study do not
meet the guidelines for healthy fruit and vegetable consumption. Vegetables contain cru-
cial vitamins and nutrients to support cancer prevention and recovery, in addition to fibre
necessary for optimal gut microbial function. For instance, cruciferous vegetables like
broccoli and cabbage contain isothiocyanates and a potent phytochemical called sul-
foraphane, which evidence suggests is effective in the prevention and treatment of several
cancers including breast, colorectal, bladder, prostate, and oropharyngeal cancers [42].
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Studies have also shown that diets characterized by higher vegetable and fruit intake are
associated with reduced risk and incidence of chronic diseases, such as diabetes and can-
cer [43]. Higher consumption of vegetables has also been associated with an attenuated
white blood cell profile, suggesting reduced markers of systemic inflammation [44].

Most survivors reported engaging in exercise at a frequency of 2 or fewer (32.3%) or
3 to 5 (36.8%) hours per week, with low exercise intensity (i.e. vacuuming, walking) most
frequently reported by over half (53.9%) of participants. This is consistent with previous
research suggesting that in general survivors tend to engage in physical activity of lower
intensity such as walking [45], and that engagement in exercise post-treatment tends to be
lower relative to pre-diagnosis [17]. However, it must be noted that these data were col-
lected during the COVID pandemic, when frequent closures of gyms and other exercise
facilities occurred. As such, survivors may have reported engaging in less physical activ-
ity than they normally would do to the challenging circumstances brought on by the pan-
demic.

Health behaviours are associated with specific GI symptoms

The data revealed that antibiotic use within the past 2 years was predictive of more
severe belly pain, constipation, and diarrhea GI symptoms. These findings are consistent
with research suggesting that antibiotic treatment is frequently associated with a myriad
of GI symptoms and functional GI disorders [46]. Interestingly, probiotic use was associ-
ated with more symptoms of belly pain and gas/bloating. Although probiotic use has
sometimes been associated with GI symptoms, such as gas or flatulence, it is also possible
that survivors are consuming probiotics to help address these pre-existing GI symptom:s.
Further research is needed to understand the context within which survivors of cancer
decide to use probiotic supplements.

About half (48.8%) of the participants reporting consuming 2 to 4 servings of protein
per day. Our regression analysis found that lower protein consumption at 2 or fewer serv-
ings daily was actually predictive of more belly pain symptoms, suggesting that adequate
protein consumption may be important for supporting gut health. However, the types of
protein (e.g. milk, whey, poultry, plant sources, etc.) consumed by participants in our
study are unknown and could be an important factor mediating the effects of protein con-
sumption on GI symptomology.

Concerning whole grain consumption, nearly half (48.2%) of participants reported
consuming 2 or fewer servings per day, and lower consumption of whole grains was pre-
dictive of fewer symptoms of constipation. This was surprising given that fibre from
whole grains is typically associated with improved gut health and motility. For instance,
Jung et al. compared the effects of a 4-week brown rice-based diet, white rice-based diet,
or wheat-based diet in a sample of 39 women with functional constipation. Both the
brown-rice and wheat-based diets were shown to improve symptoms of constipation, spe-
cifically total colon transit time [47]. In contrast, studies suggest that following chemother-
apy treatment, breast cancer survivors may have challenges digesting whole grains and
higher consumption of whole grains may in fact have adverse implications for survivors’
health [48]. Since 41% of our study sample was comprised of breast cancer survivors, this
is an important consideration. Moreover, since whole grain consumption was self-re-
ported, it is difficult to ascertain the sources and quality of grains consumed, which could
also be a factor influencing affects on GI symptoms.

Better self-rated diet healthiness was predictably associated with fewer GI symptoms
of gas/bloating. These data provide needed evidence regarding specific dietary behav-
iours and the implications for survivors in experiencing, and potentially managing, GI
symptoms after treatments for cancer.


https://doi.org/10.20944/preprints202303.0300.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 March 2023 d0i:10.20944/preprints202303.0300.v1

Gut microbiota are associated with health behaviours

In our small sample of participants who provided stool for gut microbiota analyses,
only three bacterial taxa were significantly, positively correlated with antibiotic use. Spe-
cifically, Lachnospiraceae (ASV-1 and 26) and Bacteroides correlated positively with antibi-
otic use, such that a higher abundance of taxa was present in participants who had taken
antibiotics. Although Bacteroides species are abundant within the human gut microbiota
and can be symbiotic with the host, under certain conditions Bacteroides can also become
opportunistic pathogens. For instance, overabundance of Bacteroides vulgatus has been as-
sociated with Crohn’s disease, while Bacteroides fragilis is implicated in appendicitis and
inflammatory bowel disease [49]. Considering that antibiotic treatment was identified as
a predictor of GI symptoms in the present study, it is possible that antibiotic-associated
changes in the gut microbiota may be a contributing factor to GI symptomology.

Concerning dietary behaviours, Lachnospiraceae was positively correlated with self-
rated diet health, while Bacteroides correlated negatively with diet healthiness. Those who
reported better diet health had a higher abundance of Lachnospiraceae, one of the main
producers of short-chain fatty acids [50], and a lower abundance of Bacteroides. Fruit con-
sumption was positively correlated with both Lachnospiraceae and Subdoligranulum, such
that those reporting a higher (3 to 5 servings) consumption of fruit per day had a higher
abundance of these bacterium. Subdoligranulum is an important species that in humans
with overweight or obesity has been correlated with reduced fat mass, insulin resistance,
leptin, and insulin levels, as well as attenuated levels of proinflammatory biomarkers in-
cluding C-reactive protein and Interleukin-6 [51]. Higher consumption (3 to 5 servings per
day) of whole grains was positively correlated with a higher abundance of Lachnospiraceae,
while fewer servings (2 or less) of whole grains per day was associated with greater An-
aerostipes abundance. This is consistent with previous studies reporting higher abun-
dances of Anaerostipes among Chinese adults who consumed a lower intake of refined
grains [52].

Regarding exercise behaviour, our data suggest that it may be the frequency, rather
than the intensity, impacting the gut microbiota the most. Specifically, correlation anal-
yses found that higher exercise frequency was significantly correlated with a greater
abundance of Lachnospiraceae, Faecalibacterium, Bacteroides, Anaerostipes, Alistipes, and Sub-
doligranulum. Previous studies suggest that Faecalibacterium prausnitzii has beneficial ef-
fects in the human microbiome and may be a novel probiotic bacterium to treat functional
GI disorders, like irritable bowel syndrome [53]. Genus Alistipes is another example of a
bacterium that may be symbiotic, or pathogenic, depending on the gut microbial condi-
tions. Previous studies suggested that Alistipes may have potential protective effects
against colitis, but when pathogenic it has also been associated colorectal cancer and de-
pression [54]. While our associations between specific microbial taxa and health behav-
iours are intriguing, further research is needed to contextualize these findings, clarify the
direction of causality, and understand the implications for cancer survivors’ health.

Limitations and Future Directions

One of the main limitations of this study is that it relied primarily on participants’
self-report measures, which tend to be subjective and prone to bias. Participants may have
over or underestimated certain health behaviours, such as self-rated diet healthiness or
the amount or type of whole grains consumed daily. Further, while some participants
reported taking both a probiotic and antibiotic within the past 2 years, we are unable to
determine whether these were taken at the same time points and for how long, which are
factors that may affect GI symptoms. For objective 3, a small sub-sample that provided
stool samples was used. Due to the small sample size, no control for multiple comparisons
was applied. Hence, there is an elevated risk for potential Type I errors. Additionally, as
16s rRNA gene sequencing analysis was used, only the composition of the gut microbiota
could be quantified, limiting our understanding of the potential functional capacity of the
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gut microbiota and how this may relate to health behaviours. As well, the data used for
this study was collected during the COVID pandemic between December 2019 to April
2021, which may have affected diet and exercise behaviours, especially during periods
where lockdowns were implemented. Participants may have been engaging in less exer-
cise due to inaccessibility to the gym and other fitness activities they would typically en-
gage in. Given this, our results must be interpreted with caution and future trials with
larger samples and a control group for comparison are warranted.

Despite the limitations of this study, our findings provide context regarding dietary
and exercise health behaviours in a diverse group of cancer survivors, and how these be-
haviours relate to GI symptoms. Moreover, associations between specific dietary behav-
iours, exercise frequency, and the gut microbiota are revealed. Our findings can inform
future research aimed at using dietary or exercise-based interventions to improve GI
symptoms in survivors of cancer, potentially via modulation of the microbiota-gut-brain
axis. Moreover, results can be used by clinicians to support recommendations for diet and
exercise in survivorship care plans, and to educate patients on the importance of healthy
nutrition and the integration of physical activity. Survivors of cancer can use this infor-
mation to make informed decisions about their health, in conjunction with numerous
other evidence-based resources and recommendations for safe and effective use of dietary
strategies and exercise after cancer [15, 16, 55, 56].

5. Conclusions

Overall, most survivors in this study reported consuming a moderately healthy diet
and engaging in low intensity exercise a few times a week. Moreover, results provide ev-
idence for associations between antibiotic use and more severe symptoms of belly pain,
constipation, and diarrhea. Dietary behaviours including self-rated diet health, and aver-
age daily servings of protein and whole grains were associated with GI symptoms. Anti-
biotic use, self-rated diet healthiness, fruit, whole grain consumption, and exercise fre-
quency behaviours correlated with specific types of bacterial taxa, but the direction of
causality requires clarification. Behavioural and dietary-based interventions may be opti-
mally suited to address survivors’ adverse GI symptoms by influencing the gut microbi-
ota. However, larger, prospective trials are needed.
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