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A B S T R A C T   

Purpose: A scoping literature review was conducted to identify gastrointestinal (GI) factors most likely to in-
fluence prostate motion during radiotherapy. We proffer that patient specific measurement of these GI factors 
could predict motion uncertainty during radiotherapy, facilitating personalised care by optimising treatment 
technique e.g., daily adaption or via bespoke patient pre-habilitation and preparation. 
Methods: The scoping review was undertaken as per JBI guidelines. Searches were conducted across four data-
bases: Ovid Medline®, EMBASE, CINAHL and EBSCO discovery. Articles written in English from 2010-present 
were included. Those pertaining to paediatrics, biological women exclusively, infectious and post-treatment 
GI morbidity and diet were excluded. 
Common GI factors impacting men were identified and related symptoms, incidence and measurement tools 
examined. Prevalence among persons with prostate cancer was explored and suitable assessment tools discussed. 
Results: A preliminary search identified four prominent GI-factors: mental health, co-morbidity and medication, 
physical activity, and pelvic floor disorder. The scoping search found 3644 articles; 1646 were removed as 
duplicates. A further 1249 were excluded after title and abstract screening, 162 remained subsequent to full text 
review: 42 mental health, 53 co-morbidity and medication, 39 physical activity and 28 pelvic floor disorder. 
Six GI factors prevalent in the prostate cancer population and estimated most likely to influence prostate motion 
were identified: depression, anxiety, diabetes, obesity, low physical activity, and pelvic floor disorder. Reliable, 
quick, and easy to use tools are available to quantify these factors. 
Conclusion: A comprehensive GI factor assessment package suitable to implement into the radiotherapy clinic has 
been created. Unveiling these GI factors upfront will guide improved personalisation of radiotherapy.   

Background 

Prostate cancer (PCa) accounted for 22.2% of all male cancers in 
Europe in 2020 [1]. More than 30% of PCa patients receive radical 
radiotherapy (RT) [2] with five-year progression free survival rates of 
80.5–90.6% achieved [3–6]. 

Prostate motion consisting of translational and rotational motion, 
shape deformation and seminal vesicle displacement independent of the 
gland, is well documented during RT [7–13]. Significant association 
between rectal volume and prostate motion is reported with the prob-
ability and magnitude of prostate motion increasing in patients with 
rectal distention [9,11,14–17]. Changes in faecal load or gas have a 
pronounced effect on inter-fraction prostate motion and/or deformation 

[15,16], whereas mobile gas pockets can in addition increase intra- 
fraction prostate motion [9,11]. 

During conventional and moderately hypofractionated RT regimes, 
rectal volume is reported to decrease and stabilise as treatment weeks 
progress [18,19]. Swift RT delivery reduces the risk of significant 
prostate motion [9,13] especially when employing daily online IGRT. 
For ultra-hypofractionated prescriptions (two to seven fractions), the 
impact of geometrical uncertainty is greater because of less time for 
rectal volumes to stabilise, fewer fractions for deviations to be averaged 
over and typically longer beam-on time [20]. With the drive towards 
fewer fractions for prostate RT, further endeavours to manage motion 
uncertainty are warranted. 

Bowel preparation protocols to improve rectal volume consistency 
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during RT are recommended [20]. A single preparation protocol for all 
prostate patients is typically used, despite anecdotal evidence that effi-
cacy varies across the population, possibly due to intrinsic patient and 
environmental factors. Unfortunately, tools to predict individuals’ organ 
variability and preparation needs do not exist, hence the reliance on 
standardised regimes. 

To date efforts to predict individual’s prostate motion have focussed 
on qualitative and semi-qualitative review of rectal volume and gas on 
RT imaging. Rectal-filling status on imaging has been reported as a 
significant predictor of patient specific prostate motion [11]. However, 
images only capture anatomical variance at a specific moment or over a 
brief time. Rectal filling is the product of a chain of digestive events 
occurring throughout the gastrointestinal (GI) tract, many of which 
occur without conscious control, regulated instead by nervous, hor-
monal and local elements co-ordinating internal reflexes [21]. 
Numerous factors affect digestive function [22], in turn these factors 
may also influence rectal filling and impact prostate motion. If true, 
patient specific measurement of GI influencing factors could be used to 
predict prostate motion, facilitating personalisation of care, either 
through aligning patient’s predicted motion characteristics with the 
optimal treatment platform for them or by introducing bespoke pre-
habilitation and preparation advice. 

The paucity of literature relating physiological effectors to prostate 
motion during RT raised the question ‘could GI factors most likely to 
influence prostate motion during radiotherapy be identified’. We aim to 
answer this question in order to create a comprehensive GI factor 
assessment package suitable to implement at the time of RT consent, and 
in doing so achieve the first step in developing a personalised prediction 
model. 

Methods 

The scoping literature review was conducted as per Joanna Briggs 
Institute (JBI) methodology [23], the review question was developed 
using the population, concepts, and context (PCC) framework [23] 
(Table 1). PRISMA (transparent reporting of systematic reviews and 
meta-analyses) flowcharts [24] guided the process of literature identi-
fication, screening, eligibility, and inclusion. 

For the purpose of this review GI factors were defined as: a 
measurable and defined cause of altered lower GI function. 

We aimed to:  

1. Identify and categorise common GI factors impacting men  
2. Examine GI symptoms caused by GI factors and their prevalence  
3. Explore different methods and tools used to measure GI factors and 

GI-symptoms 

The clinical application was subsequently explored by determining 
the incidence of common GI factors among persons with PCa and 
identifying the most appropriate tools to measure these in the RT clinic. 

Search strategy 

Two preliminary OVID MEDLINE® searches were conducted in May 
2021 to establish common terms relating to lower GI motion and 
morbidity and to identify predominant GI factors. Text in the title and 
abstract were analysed by one reviewer (SA) to provided additional 
search key words and phrases. To allow for inclusion of commonly used 
phrases, exact phrase searching was introduced, for example “gut motor 
activity”. Identified GI factors were scrutinised using the Medical Sub-
ject Headings (MeSH) database [25] to allow full exploration of asso-
ciated academic language (Table 1). The Public Health England report 
‘trends in morbidity and risk factors’ was used to establish relevant co- 
morbidities to a UK population [26]. 

Scoping review searches using the GI factors identified were run on 
four electronic databases to ensure comprehensive data capture: Ovid 

Medline®, EMBASE, CINAHL complete and EBSCO discovery. Searches 
were conducted during February 2022. Literature inclusion and exclu-
sion criteria are presented in Table 1. The search was limited to litera-
ture from 2010 onwards, to optimise the clinical currency of GI factors 
and assessment tools sampled. Diet was excluded as its effect on rectal 
filling and prostate motion has been previously investigated, with no 
unanimous conclusion met [16,18,27–29]. Investigating diet requires 
trained professionals to calculate portion sizes and match to food 
composition tables [30] and food diaries posing significant time burden 
on the patient [31]. Considering the lack of evidence linking diet to 
prostate motion and the staff/patient time investment necessary to 
investigate diet accurately in the prostate RT clinic, it was not consid-
ered further. 

Evidence selection and data extraction 

Articles were exported to Mendeley version 1.19.18. Title and ab-
stract screening was completed by one reviewer (SA). Full text review of 
eligible studies and data extraction, using an electronic data extraction 
form [32], was undertaken by one reviewer (SA). Final articles to be 
included were discussed and approved with two authors (AT, HMcN) 
and PRISMA flowcharts created for transparency of data review. 

Articles found for each GI factor were sub-grouped and analysed by 
key theme. 

Results and discussion 

Literature search results 

The preliminary search for GI factors (May 2021) yielded 489 arti-
cles, 87 met the inclusion/exclusion criteria. Four prominent GI factors 
were identified: mental health, co-morbidity and medication, physical 

Table 1 
Scoping review literature search strategy; PCC, search terms, inclusion/exclu-
sion criteria.  

Population Concept Context 

Biological adult males. 
(Not limited to persons 
with prostate cancer 
due to lack of evidence 
identified in 
preliminary search) 

Factors which affect lower 
GI filling and volume 
fluctuation and therefore 
may influence prostate 
motion during 
radiotherapy treatment 

Evidence from 
population surveys and 
from clinical or medical 
settings; hospital, 
community, social care 

GI-factor Specific search terms 
Mental health disorder Anxiety; Anxiety disorders; Depression; Mental 

disorders; Anxiety score; Depression score 
Co-morbid conditions 

and medication 
Comorbidity, Drug use, Drug use disorder, 
Musculoskeletal disorders, Neurological disorders, 
Dementia, Cardiovascular disease, Hypertension, 
Myocardial infarction, Diabetes, Chronic respiratory 
disease, CPOD, Cerebrovascular event, Stroke, Obese, 
Congestive heart failure, Peripheral vascular disease 

Physical activity Physical activity; Exercise; Physical exertion; Sports 
Pelvic floor disorder Pelvic floor; Pelvic floor disorder 
Lower GI effect search terms 
Motion adj3 (bowel or rect*), Motility adj3 bowel, Dysmotility adj3 bowel, bowel 

pattern, colon transit time, Defecation, Gastrointestinal transit time, Gut motor 
activity, Intestinal peristalsis, Stool frequency, Intestinal transit, Chronic 
constipation, Chronic diarrhoea, Faecal loading, Rectal distension. 

Literature inclusion 
criteria 

Literature exclusion criteria  

• Available in the English 
language  

• Full text articles 
available  

• Published from 2010 – 
present  

• Paediatric population  
• Biological female only population  
• Literature not specifying a GI morbidity causative 

factor  
• Focus on diet effect on GI function  
• Infectious causes of GI morbidity  
• GI morbidity described as “rare” or “unusual”  
• Secondary effects of GI surgery / radiotherapy  
• GI morbidity in a critical care setting  
• Treatment of GI morbidity  
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activity and pelvic floor disorder. 
The scoping review search (Feb. 2022) identified 3644 articles; 1646 

were removed as duplicates. A further 1249 were excluded after title and 
abstract screening, 162 remained after full text review: 42 mental 
health, 53 co-morbidity and medication, 39 physical activity and 28 
pelvic floor disorder. Fig. 1 presents the volume of literature identified, 
screened, and included for each GI factor. 

Articles were sub-grouped by key theme and four sub-factors 
selected for each theme based on the most articles indicting a GI 
symptom association. GI symptoms were mapped to each sub-factor 
(Table 2). The review focussed on these sub-factors based on the belief 
that GI factors most common in a general male population are likely 
most relevant to a PCa population. 

Research studies and population surveys for the 16 GI sub-factors are 
tabulated and presented in Supplementary material 1. Review articles 
have not been included but were used to ensure all relevant articles were 
incorporated. 

Clinical application 

Assessment of 16 sub-factors would pose significant time burden on 
clinical teams and patients alike in a busy RT clinic. Agreement to 
reduce the number of GI sub-factors for clinical investigation, concen-
trating on those most dominant in the literature was reached. The vol-
ume of literature supporting each sub-factor ranged from 2 to 27 
research studies or population surveys. The highest volume GI sub- 
factors, retained for clinical investigation, were depression, anxiety, 
diabetes, obesity and low physical activity. The sub-categories of pelvic 
floor disorder were condensed to one category. 

Common GI factor results, prevalence in persons with prostate cancer and 
assessment tools 

The six GI factors identified for clinical investigation are summarised 
in this section, focusing on associated GI symptoms, assessment tools 
and prevalence rates. 

Each factor was subsequently evaluated in the context of PCa, 
exploring incidence and defining suitable assessment tools for use in the 
RT clinic. 

Mental health disorder 

Depression literature results. Twenty-seven articles report an association 
between depression and disordered bowel habits: seventeen with con-
stipation [33–47,51,58], IBS eleven [48–57], diarrhoea three [51,58,59] 
and faecal incontinence one [44]. Four articles report more than one 
disorder [38,44,51,58]. 

The ROME criteria was the primary GI disorder assessment tool used 
[33–38,40,42,43,45,48,50–57,59] with the Bristol Stool Scale second 
[38,43,44,46,58,59]. Depression was commonly assessed using the 
Hospital Anxiety and Depression Score (HADS) 
[34,38,41–43,48,51,53,55,56] followed by the Patient Health Ques-
tionnaire 9 (PHQ-9) [35,36,44,49,58]. 

In persons with constipation, depression rate ranged from 9 to 69.8% 
[33,38,39,40,44,45,46,51]. Depression rate in those with IBS was re-
ported as 13.6–74.5% [38,48,50–52] and for diarrhoea, 11.6–15.53% 
[51,58]. Depression was considerably lower in healthy control groups, 
5.88–10% [39,40,45,58]. Ten studies used the HADS depression scale, a 
score of 8–10 indicates borderline depression while a score ≥ 11 in-
dicates clinical depression. Average scores ranged from 4 to 14.6 in 
constipated [38,42,43], 4–8.3 in IBS [49,53,56] and 2.5–7.5 in healthy 
[42,53,56] cohorts. In all studies with a healthy control comparison, the 
bowel disorder group suffered higher depression rates. 

Depression and prostate cancer. Depression rate in persons with PCa is 

between 17% [96] and 20% [97], the estimated global rate of depression 
is 5% [98] and for men in the United Kingdom 9% [99]. Depression is 
two to three times more prevalent in cancer patients than in age 
matched healthy control groups [100]. 

Depression levels reported by PCa patients are similar across all 
treatment strategies; active surveillance, surgery and RT [101], 
although androgen deprivation therapy (ADT) may confer an additional 
risk [102]. The cause of depression is multi-fold; distress related to 
diagnosis, physical symptoms, treatment side effects and family and 
social concerns [96]. Depressive disorders are also associated with 
poorer functional and mortality outcomes following PCa diagnosis 
[103]. 

Depression assessment tools. The gold standard for assessing Major 
Depressive Disorder (MDD) is a structured clinical interview with a 
mental health professional using the Diagnostic and Statistical Manual 
of Mental Disorders, fifth edition (DSM-5) criteria [104]. In the RT clinic 
however, there is neither time nor expertise to perform this assessment. 
The use of self-reported questionnaires to assess depression was common 
in the literature, HADS depression score was favoured followed by PHQ- 
9. When compared against the DSM-5 diagnostic criteria HADS did not 
assess all symptoms [97] and can therefore only provide an overview of 
depression, it cannot clinically identify it. PHQ-9 covered all MDD 
criteria so is the preferred tool. 

Anxiety literature results. Sixteen articles reported an association be-
tween anxiety and disordered bowel habits. Eleven with constipation 
[52–56,58,59,61,64,65,69], IBS seven [56,67–69,71,74,75] and diar-
rhoea one [69]. Two articles report on more than one disorder [56,69]. 

The ROME criteria was the primary GI disorder assessment tool used 
[34–38,40,43,50,51,53,56,57] with the Bristol Stool Scale second 
[38,46]. Anxiety was assessed using the Hospital Anxiety and Depres-
sion Score (HADS) [34,38,41,43,51,53,56] most often, followed by the 
Zung self-rating anxiety scale [37,46,47] and the General Anxiety Dis-
order Scale (GAD-7) [35,36]. 

For persons with constipation, anxiety rate ranged from 14.8 to 
42.6% [34,38,40,41,46] for those with IBS the rate was 27.4–62.1% 
[38,46,51] and for diarrhoea 18.9% [51]. One article with a healthy 
control group reported the rate of anxiety as 28.5% in patients without 
bowel dysfunction [40]. 

A score of 8–10 on the HADS anxiety scale indicates borderline 
anxiety, ≥ 11 indicates significant anxiety. Average scores ranged from 
7 to 8.5 in constipated [43] 6–10.1 in IBS [53,56] and 3.0–7.9 in healthy 
[53,56] cohorts. For all studies comparing to a healthy control, the 
bowel disorder group suffered higher anxiety rates. 

Anxiety and prostate cancer. Anxiety is one of the most common symp-
toms experienced by cancer patients [99], with PCa patients found to 
have a high prevalence of anxious symptomology [105]. In PCa patients 
the prevalence of anxiety pre-treatment, on treatment and post treat-
ment is reported as 27.0%, 15.1% and 18.5% respectively [99]. In 
contrast the prevalence of clinical anxiety in British men over 65 years is 
estimated to be 8% [106]. Anxiety has been associated with poorer 
genitourinary and sexual functional outcomes following PCa treatment 
[103]. 

Anxiety assessment tools. HADS, Zung anxiety self-rated and GAD-7 were 
the most frequently used assessment scales. In lung cancer patients, 
Zung and HADS identified comparable levels of anxiety and were 
concluded to have similar detection value, HADS was deemed more 
acceptable for a clinic setting as it was quicker to complete, reducing 
patient and clinic time burden [107]. HADS and GAD-7 offer compa-
rable and adequate diagnostic accuracy for generalised anxiety disorder 
in cancer patients [108], completion typically takes 2–3 min. 

The DSM-5 criteria for clinical anxiety sets the benchmark for self- 
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Fig. 1. PRISMA flow diagram for each GI factor.  
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assessment tools. When mapped against this, HADS covered 50%, Zung 
anxiety self-rated scale covered 75% and GAD-7 covered 63% of rele-
vant content [109]. Taking completion time and content into consid-
eration, GAD-7 would be most appropriate in the RT clinic as it has good 
concordance with DSM-5 with minimal time expense. 

Co-morbidity and medication 

Diabetes 
Of the 16 papers discussing bowel disorders and diabetes, including 

patients with Type 1 and Type 2 diabetes, nine were research articles or 
population surveys. Diabetes and constipation were examined in five 
[60–63,65,68], diarrhoea in five [61,62,64,65,68], mixed (alternating) 
diarrhoea/constipation in two [61,65], bowel motility disorders in six 
[63,64,66–69] and faecal incontinence in one [62]. Many studies 
investigated more than one disorder [61–65,68]. Little consistency in GI 
disorder assessment tools was present, six studies quantitively assessed 
GI transit time using wireless capsule endoscopy [63,64,66,67] or 
scintigraphy [68,69]. 

In persons with diabetes, constipation rate ranged from 9.9% − 67% 
[61–63,65,68], diarrhoea from 3.7 − 30% [61,62,64,65,68], mixed 
diarrhoea/constipation from 12.5 to 25.8% [61,65] and faecal inconti-
nence rate was 44% [62]. Two studies included a healthy control group 

and reported constipation prevalence of 54% [63] and 11.2% [65] and a 
diarrhoea rate of 6% [65], lower than in their comparative diabetic 
cohorts. 

GI transit time is longer in persons with diabetes [63,65,66–69] 
although comparison between the studies is difficult as different sections 
of GI travel are reported. An increase in rectal sensation threshold was 
reported by one study [62]. 

Diabetes and prostate cancer 
More than 4.9 million people in the UK have diabetes [110]. Risks 

factors for type 2 diabetes are age over 40 years, south Asian, African- 
Caribbean, or black African decent, high blood pressure and being 
overweight [111]. Risk factors for PCa include age over 50 years, family 
history and black ethnicity [112]. With overlapping risk factors and the 
increasing incidence of PCa [113] a considerable number of patients 
may endure both diagnoses. 

The rate of co-morbid diabetes in a PCa cohort is reported as 8% 
[114], 10% [115], 12% [116] and 19% [117], although these figures do 
not precisely compare to our current practice as they are dated 
[114,115,117], and internationally accrued [114,116,117]. Treatment 
of PCa with ADT is associated with an increased risk of diabetes [118] 
and having both cancer and diabetes is reported to lower health related 
quality of life and increase symptom severity [119]. 

Table 2 
Predominant GI-factors, four most common sub-factors and their associated GI symptoms as identified in the literature.  

S.E. Alexander et al.                                                                                                                                                                                                                           



Clinical and Translational Radiation Oncology 40 (2023) 100604

6

Diabetes assessment tools 
All review articles, bar one, describe a patient or medical record 

reported diabetes diagnosis. Only one study acquired blood glucose tests 
[69], therefore the true prevalence of diabetes may have been under-
estimated [110]. Acquiring a HbA1c blood test result, which gives an 
average blood glucose level, may prove more reliable but its utility in the 
RT clinic is limited due to additional cost and lack of follow-up services. 

Obesity 
Obesity was established by BMI for all articles [69–74], BMI ≥ 30 

was regarded as obese [70,72,74] severely/morbidly obese results were 
based on either BMI greater than 35 [69,72,73] or BMI greater than 40 
[71]. 

Fourteen articles associate GI disorder with obesity, six were 
research articles or population surveys. Three examine constipation 
[70–72] two faecal incontinence [71,72] and diarrhoea [72], flatulence 
[70], bowel motility disorder [69] and small intestine bacterial over-
growth [74] are considered by one article each. Three articles examine 
more than one bowel disorder [70–72]. Several tools were used to assess 
bowel disorders. 

In obese and severely obese persons, constipation rates ranged from 
5 to 34.4% [71,72]. Diarrhoea rates were reported as 8.5% in obese 
persons rising to 11.5% in the severely obese [72], after adjusting for 
confounding factors this study reported that obese individuals have 60% 
increased odds and severely obese individuals have almost double the 
odds of having chronic diarrhoea compared to those with normal BMI 
[72]. Faecal incontinence rate varied greatly from 6.8 to 65.4% [71,72], 
compared to 0% in the non-obese control group [73] rectal squeeze 
pressure was significantly lower in obese persons [73]. 

GI transit time was slower in morbidly obese versus not-obese pa-
tients [69]. Breath tests were taken for methane [70] and bacterial 
overgrowth [74], with higher results reported for both in obese partic-
ipants; symptoms include flatulence and bloating. 

Obesity and prostate cancer 
Obesity is estimated to affect one in every four UK adults [120]. With 

obesity rates of 25% in the general population, a considerable number of 
obese PCa patients is expected. Especially as the prevalence of obesity is 
higher among people with cancer compared to the general population 
[121]. 

A recent meta-analysis concluded an 8–11% increased risk of 
advanced PCa and PCa specific mortality in obese men [122]. Digital 
rectal prostate exams are more likely to be inconclusive [123] and 
prostate biopsies less accurate in obese persons [124]. These con-
founding factors during diagnosis contribute to the risk of advanced 
cancer staging and PCa specific mortality [125]. 

The development of obesity and cardiometabolic risk factors, 
including dyslipidaemia, insulin resistance and elements of metabolic 
syndrome have also been associated with ADT treatment of PCa 
[126–138]. Obese persons have an increased risk of biochemical failure, 
development of distant metastases, PCa specific mortality and overall 
mortality following radical RT treatment [117]. Early studies attribute 
this to difficult or poor patient set-up [129,130] however this associa-
tion was not quantified on daily IGRT [117]. 

Obesity assessment tools 
All review articles measured obesity using BMI (kg/m2). The World 

Health Organisation (WHO) define obesity as a BMI greater than or 
equal to 30 kg/m2 [131]. The National Institute for Health and Care 
Excellence report obesity class II as a BMI of 35–39.9 kg/m2 and obesity 
class III as a BMI of 40 kg/m2 or more [132]. Obesity class III is also 
described as ‘severely obese’ [120]. 

BMI is an easy and quick method of measuring overall adiposity in 
the RT clinic however it does not provide proportions of fat and lean 
mass, which may be of greater importance for the development and 
progression of prostate cancer [125]. Adding a waist measurement can 

supplement BMI and assess fat distribution. Men with a waist size of ≥
94 cm are more likely to develop obesity related health problems [120]. 

Physical activity 

Low physical activity/Sedentary behaviour 
The classification of ‘activity’ across studies varied. Several articles 

mention ‘sedentary behaviour’ but actually refer to an amount of 
physical activity below a threshold. Sedentary behaviour is classified as 
“waking behaviour characterised by an energy expenditure ≤ 1.5 METs, 
while in a sitting, reclining, or lying posture” [76]. One metabolic 
equivalent (MET) is defined as the amount of oxygen consumed while 
sitting at rest and is equal to 3.5 ml O2 per kg body weight × min [77]. 
No studies refer directly to this state, prompting the decision to combine 
‘low activity’ and ‘sedentary behaviour’ categories. 

Eighteen articles discuss GI disorders and low physical activity or 
sedentary behaviour, twelve of which are research studies or population 
surveys. The majority make the association with constipation 
[40,75,78–84] the remaining relate to IBS [48], diarrhoea [85] or GI 
motility disorder [86]. 

The Bristol Stool Scale [75,78,82–84] and ROME criteria 
[40,48,80,81] were utilised to characterise GI disorder. Little homoge-
neity quantifying physical activity presented; three articles used the 
Global Physical Activity Questionnaire developed by WHO [78,83,84], 
two applied the International physical activity questionnaire [40,81] 
and the others used study specific questions. 

In persons with low levels of physical activity, constipation ranged 
from 10.1 to 26.3% [40,81] with lower rates of constipation in those 
more physically active, 6.2–11.6% [40,81]. In studies examining 
constipated cohorts, low physical activity rate ranged from 28.4 to 82% 
[79,83,84] this is only slightly higher than in comparable non- 
constipated groups; 28.4% versus 22% [78], 82% versus 74% [83] 
and 49% versus 33.6% [84]. The low physical activity threshold pro-
moting constipation cannot be established as reporting methods are so 
varied. In persons with low activity, the introduction of a regular 
physical activity programme was shown to significantly reduce total 
colon transit time [86]. 

For persons with IBS low physical activity was significantly higher 
than in those without [48]. A large population study revealed the rate of 
diarrhoea in participants not partaking in regular physical activity as 
20.9%, significantly higher than those who do regularly exercise, 15.3% 
[85]. 

Physical activity and prostate cancer 
Twenty-six percent of adult men in England (2019–2020) report 

being physically inactive, rising to 31.1% and 50.1% in the 65–74 and 
75 plus age groups respectively [133]. Sedentary behaviour in the UK is 
high, it is estimated that the average man spends the equivalent of 78 
days each year sitting down [134]. 

Regular physical activity is associated with a 10% risk reduction of 
PCa [135]. An associate between physical activity in earlier adulthood 
and lower PCa risk is reported [135,136]. For persons with PCa regular 
physical activity can reduce the risk of local and systemic disease pro-
gression, cancer-specific and overall mortality [137]. Where ADT is 
prescribed, deficits in muscle strength and physical function because of 
ADT, can be reversed following a period of resistance training or com-
bined resistance and aerobic exercise [138–140]. 

Physical activity assessment 
Self-reported physical assessment questionnaires are the cheapest, 

simplest and most common assessment method [141]. The GPAQ and 
the IPAQ, frequently used, were designed to survey physical activity in 
large surveillance studies [142] not clinic cohorts, and with an 
approximate 30-minute completion time, are too onerous for patients in 
clinic. In contrast some articles assessed physical activity using one or 
two simple questions, risking limited information capture. No review 
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articles used the Godin-Shepard Leisure-Time Physical Activity Ques-
tionnaire (GSLTPHQ), often used in oncology research [143]. It is a short 
self-reported questionnaire seeking information on mild, moderate and 
strenuous physical activity engagement offering a practical solution in 
the RT clinic. 

A limitation of questionnaires is they are vulnerable to unreliable 
self-reporting and memory recall bias [144]. Accelerometers or pe-
dometers would offer objective physical activity tracking but have 
associated product and monitoring costs [142]. Smartphone applica-
tions benefit from real time data capture, patient accessibility and 
reduced staffing burden [145,146] however initial development is costly 
and low digital literacy can be a barrier for some patients [147]. 

Pelvic floor disorder 

Fifteen articles examined dyssynergic defecation, five were research 
articles or population surveys linked with constipation [88–92], two 
also investigated faecal incontinence [88,90]. Eleven articles examined 
rectal hyposensitivity, four of which were research articles or population 
surveys. Association between rectal hyposensitivity and constipation 
[62,90,93], faecal incontinence [62,73,90] and variable bowel disorders 
[62] were examined. Anorectal laxity was the focus of six articles, four 
were research studies or population surveys including persons with 
constipation [88,90,92] faecal incontinence [88,90], or examining as-
sociation between faecal incontinence and obesity [73]. The effect of 
age on pelvic floor function was discussed by seven articles two of which 
were research studies or population surveys. 

Anorectal manometry was the primary assessment tool used to 
quantify pelvic floor disorders [62,73,88,90–93,95]. Digital rectal ex-
amination was compared to anorectal manometry to detect dyssynergia 
with sensitivity and specificity results of 75% and 87% respectively 
[92]. Self-reported symptoms relating to straining, duration of strain, 
urge to defecate and incomplete evacuation were also useful to inform a 
diagnosis of pelvic floor disorder [91]. 

Dyssynergic defecation 
Dyssynergic defecation is the inability to coordinate abdominal, anal 

and pelvic floor muscles during defecation because of inadequate rectal 
and or abdominal propulsive force, impaired anal relaxation or 
increased anal sphincter or puborectalis contraction [87]. Dyssynergia 
rate in constipated cohorts ranges from 53.4 to 87% [89,91,92]; in pa-
tients with faecal incontinence a rate of 89% was reported [88]. 
Abdominal pressure deficit and decreased rectal sensitivity are mano-
metric findings associated with dyssynergic defecation, 23.2% and 
13.7% of a constipated cohort and 0% and 30.1% of a faecal inconti-
nence cohort met these thresholds respectively [90]. No studies 
compared to a healthy control. 

Rectal hyposensitivity 
Rectal sensitivity is the volume of rectal filling needed to evoke a full 

sensation; higher manometry volumes are indicative of rectal hypo-
sensitivity. In persons with constipation and or faecal incontinence, 
rectal hyposensitivity prevalence was reported as 17% [93] and 68% 
[90], variation is in part due to different assessment criteria used. Rectal 
hyposensitivity was more common and pronounced in constipated 
participants compared to those with faecal incontinence [90,93]. Rectal 
sensation manometry volumes were higher in participants with con-
stipation [90], diabetes [62] and obesity [73]. One study included a 
healthy control group, their rectal sensation volume was the lowest re-
ported across all studies [62]. 

Muscle laxity 
Anorectal muscle laxity causes reduced anal resting and squeeze 

pressure. Normal resting pressure values of 40 mmHg–70 mmHg and 
squeeze pressure values of 100 mmHg–180 mmHg are referenced [88]. 
Aligned with these three findings outside normal ranges presented: high 

resting and squeeze pressure in a constipated cohort (85.2 mmHg and 
190 mmHg respectively) [88] and low squeeze pressure in persons with 
faecal incontinence (85.4 mmHg) [90]. In a conflicting study 38 and 
43% of a constipated cohort had reduced resting and squeeze pressure 
respectively [92]. A confounding factor is that comparator normal 
values vary [90,92]. Obese individuals with faecal incontinence had 
similar resting pressures to those without, 62.6 mmHg vs 65.6 mmHg 
but squeeze pressure was lower 145.9 mmHg vs 173.8 mmHg [73]. 

Age 
One study reports no significant impact of age on the type and rate of 

pathological findings diagnosed in men with evacuation disorders [94]. 
Caution is required as only 8% of the population sampled were male (n 
= 24) [94]. The second reports a significant decrease in mean resting 
pressure and squeeze pressure and a decrease in rectal sensitivity 
(although not significant) with advancing age [95]. 

Pelvic floor disorder and prostate cancer 
Aging is a risk factors for pelvic floor disorder in men [148]. Sig-

nificant pelvic floor muscle thinning is described in healthy men aged 
65 years plus, compared to younger men [149,150] with pelvic floor 
disorders reported to affect up to 25% of elderly men [151]. Eighty-eight 
percent of persons diagnosed with PCa in England in 2019–2020, were 
aged 60 years plus with 56% of these being 70 years or more [2]. It is 
therefore reasonable to assume that several patients undergoing PCa RT 
will have diminished pelvic floor strength. 

Pelvic floor muscles are exposed to and affected by radiation, with 
changes in muscle activity and contractility that impact urinary and 
rectal function [152,153]. Introducing pelvic floor exercises pre and 
during RT has been recommended as an approach to prevent urinary 
incontinence, reduce diarrhoea, and improve quality of life following 
PCa RT [154]. 

Pelvic floor assessment 
Anorectal manometry is the gold standard assessment method and 

was utilised by most review articles. Being resource intensive, requiring 
a specialist workforce, equipment, space and time, renders its use as a 
scheduled pre-radiotherapy assessment tool unjustifiable. 

Digital rectal examination (DRE) can reliably detect dyssynergia and 
normal anal sphincter tone [92]. DRE technique and grading is well 
defined in the literature however no standardised, quantifiable method 
for recording anal sphincter tone on DRE exists [155–157]. DRE is not 
typically done in the RT clinic and its routine use would be unnecessarily 
invasive. However, for patients having prostate fiducial marker inser-
tion, rectal examination is routine, providing an opportune timepoint to 
assess pelvic floor tone. 

An alternative non-invasive approach is self-reporting of symptoms 
[91]. The Vaizey scale (also known as the St Mark’s incontinence score) 
[158] is a widely used patient reported questionnaire containing 
important incontinence-specific items like frequency, type of faecal in-
continence, alteration in lifestyle, and pad and/or medication use [159]. 
It is a recommended instrument for measurement of patient reported 
pelvic floor disorder [160] and takes under 3 min to complete. 

Interlinking GI factors 

The effect of each GI factor may be further compounded by interplay 
between factors. Depression rates are up to three-times higher in pa-
tients with diabetes [161]. Low physical activity and depression are 
associated although the direction of causality is uncertain [162]. Low 
activity promotes weight gain, being overweight is linked with higher 
rates of depression and anxiety while medication taken to treat these 
causes weight gain [163]. Increased abdominal pressure due to obesity 
increase the risk of pelvic floor disorders. 

Obesity is strongly associated with type two diabetes [164]. Physical 
activity is effective in reducing the risk of type two diabetes [111] 
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however obesity and diabetes typically reduce the level of physical ac-
tivity a person does [165,166]. Diabetes induced neuropathy affects the 
GI tract causing reduced rectal sensitivity [167] and pelvic floor 
dysfunction [62]. 

Relevance to radiotherapy outcomes 

Further work is necessary to quantify the impact of GI factors on 
prostate motion however, the comprehensive GI factor assessment 
package alone holds significant merit in the RT clinic. Co-existing 
depression, anxiety, diabetes, obesity and physical inactivity are all 
negatively associated with functional and mortality outcomes in PCa as 
discussed. Routine upfront assessment of these factors would enable risk 
stratification and provide the opportunity to tailor pre, during and post 
RT care to individual needs, to improve patients’ quality of life and 
health outcomes. 

GI disorder assessment 

Despite the focus of this review being GI factors not GI morbidity, it 
would be amiss not to highlight the importance of thoroughly assessing 
patient’s baseline GI function before RT. The ROME criteria, most 
frequently used in the literature, is considered the global gold-standard 
tool for diagnosing functional gastrointestinal disorders [168]. Howev-
er, its use in a busy clinic has been describes as ‘cumbersome’ [169]. The 
Bristol Stool scale offers a more convenient way for patients to describe 
their bowel habits [170] and coupled with medical history this can guide 
further GI investigations as needed. 

Limitations 

The scoping review was limited by the absence of a second dedicated 
reviewer. This is inconsistent with the JBI manual for evidence synthesis 
[171]. Funding was not available for a second reviewer, so an agreement 
was established for SA to discuss ambiguous literature with at least one 
other author. 

Lower GI tract physiology and GI factor interaction was not 

considered in this review. The ‘mechanism of action’ was record in the 
data extraction table for each GI factor, however these findings sit 
outside the scope of this report so have not been included. Radiotherapy 
technique and the impact of bowel preparation and rectal displacement 
devices e.g., ProSpare™, Rectafix™ and spacers was also not discussed. 
Identifying GI factors upfront could facilitate more tailored use of such 
tools. 

Excluding literature pertaining to biological female participants 
limits the generalisability of this work to cancers affecting them. 

Conclusion 

Six GI factors prevalent in the PCa population and estimated most 
likely to influence prostate motion during RT were identified: Depres-
sion, anxiety, diabetes, obesity, low physical activity, and pelvic floor 
disorders. Reliable, quick, and easy-to-use tools were suggested to 
quantify these factors in the RT clinic. 

A comprehensive GI factor assessment package suitable to imple-
ment into the RT clinic has consequently been created (Table 3). We will 
introduce this package into clinical practice to establish the prevalence 
of GI factors in our PCa population and evaluate their effect on inter- and 
intrafraction prostate motion. If correlation is established between GI 
factors and prostate motion, these could be integrated into a prostate 
motion prediction model aligning patient’s predicted motion charac-
teristics with the optimal treatment platform. 

Introduction of this assessment package provides an opportunity to 
integrate health improvement measures into the PCa management 
pathway, with the potential to ameliorate the long-term health conse-
quences of PCa and PCa treatment [172]. Patient specific mental health, 
co-morbidity, physical activity and pelvic floor function will be unveiled 
upfront to guide improved personalisation of RT pre-habilitation and 
preparation. 
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[82] Šket R, Treichel N, Debevec T, Eiken O, Mekjavic I, Schloter M, et al. Hypoxia and 
inactivity related physiological changes (constipation, inflammation) are not 
reflected at the level of gut metabolites and butyrate producing microbial 
community: the PlanHab study. Front Physiol 2017;8:250. https://doi.org/ 
10.3389/fphys.2017.00250. 

[83] Taba Vakili S, Nezami BG, Shetty A, Chetty VK, Srinivasan S. Association of high 
dietary saturated fat intake and uncontrolled diabetes with constipation: evidence 
from the National Health and Nutrition Examination Survey. Neurogastroenterol 
Motil 2015;27(10):1389–97. https://doi.org/10.1111/nmo.12630. 

S.E. Alexander et al.                                                                                                                                                                                                                           

https://doi.org/10.1007/s00535-019-01611-8
https://doi.org/10.1185/03007995.2014.964854
https://doi.org/10.1185/03007995.2014.964854
https://doi.org/10.15171/mejdd.2018.94
https://doi.org/10.1016/j.cgh.2019.12.030
https://doi.org/10.3748/wjg.v25.i14.1729
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0215
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0215
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0215
https://doi.org/10.1111/jgs.14521
https://doi.org/10.1111/jgs.14521
https://doi.org/10.1097/WON.0000000000000632
https://doi.org/10.1155/2017/1019652
https://doi.org/10.1111/j.1365-2702.2010.03246.x
https://doi.org/10.1111/j.1365-2702.2010.03246.x
https://doi.org/10.4103/njcp.njcp_382_19
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0245
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0245
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0245
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0245
https://doi.org/10.3748/wjg.v23.i42.7635
https://doi.org/10.1111/apt.12573
https://doi.org/10.1111/apt.12573
https://doi.org/10.5056/jnm19166
https://doi.org/10.5056/jnm19166
https://doi.org/10.1007/s00535-011-0454-2
https://doi.org/10.1007/s00535-011-0454-2
https://doi.org/10.2169/internalmedicine.54.5378
https://doi.org/10.2169/internalmedicine.54.5378
https://doi.org/10.1016/j.beth.2018.09.006
https://doi.org/10.1016/j.beth.2018.09.006
https://doi.org/10.1186/s12955-015-0243-3
https://doi.org/10.1186/s12955-015-0243-3
https://doi.org/10.1016/j.cgh.2019.03.046
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0295
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0295
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0295
https://doi.org/10.1016/j.cgh.2011.06.014
https://doi.org/10.1016/j.diabet.2015.11.006
https://doi.org/10.3390/jcm10030415
https://doi.org/10.3390/jcm10030415
https://doi.org/10.1002/ueg2.12169
https://doi.org/10.1111/joim.13340
https://doi.org/10.1038/s41395-018-0418-8
https://doi.org/10.1038/s41395-018-0418-8
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0330
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0330
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0330
https://doi.org/10.1089/dia.2012.0158
https://doi.org/10.1038/s41366-018-0012-6
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0350
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0350
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0350
https://doi.org/10.1007/s11605-011-1705-5
https://doi.org/10.1007/s11605-011-1705-5
https://doi.org/10.1111/apt.15500
https://doi.org/10.1007/s11695-017-2559-z
https://doi.org/10.1007/s11695-017-2559-z
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0370
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0370
http://refhub.elsevier.com/S2405-6308(23)00029-0/h0370
https://doi.org/10.14309/ajg.0000000000000479
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1002/clc.4960130809
https://doi.org/10.5056/jnm20051
https://doi.org/10.1111/ggi.12935
https://doi.org/10.1111/jgh.15436
https://doi.org/10.5455/njppp.2021.11.04122202103052021
https://doi.org/10.5455/njppp.2021.11.04122202103052021
https://doi.org/10.3389/fphys.2017.00250
https://doi.org/10.3389/fphys.2017.00250
https://doi.org/10.1111/nmo.12630


Clinical and Translational Radiation Oncology 40 (2023) 100604

11

[84] Wilson PB. Associations between physical activity and constipation in adult 
Americans: Results from the National Health and Nutrition Examination Survey. 
Neurogastroenterol Motil 2020;32(5):e13789. 

[85] Ma C, Wu S, Yang P, Li H, Tang S, Wang Q. Behavioural factors associated with 
diarrhea among adults over 18 years of age in Beijing. China BMC Public Health 
2014;14(1):1–7. https://doi.org/10.1186/1471-2458-14-451. 

[86] Song BK, Kim YS, Kim HS, Oh JW, Lee O, Kim JS. Combined exercise improves 
gastrointestinal motility in psychiatric in patients. World J Clin Cases 2018;6(8): 
207. https://doi.org/10.12998/wjcc.v6.i8.207. 

[87] Rao SS, Patcharatrakul T. Diagnosis and treatment of dyssynergic defecation. 
J Neurogastroenterol Motility 2016;22(3):423. https://doi.org/10.5056/ 
jnm16060. 

[88] Andrianjafy C, Luciano L, Bazin C, Baumstarck K, Bouvier M, Vitton V. Three- 
dimensional high-resolution anorectal manometry in functional anorectal 
disorders: results from a large observational cohort study. Int J Colorectal Dis 
2019;34(4):719–29. https://doi.org/10.1007/s00384-019-03235-z. 

[89] Cavallaro PM, Staller K, Savitt LR, Milch H, Kennedy K, Weinstein MM, et al. The 
contributions of internal intussusception, irritable bowel syndrome, and pelvic 
floor dyssynergia to obstructed defecation syndrome. Dis Colon Rectum 2019;62 
(1):56–62. https://doi.org/10.1097/dcr.0000000000001250. 

[90] Camargo HP, Machado VF, Parra RS, Féres O, Rocha JJ, Feitosa MR. Main 
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