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Abstract

Anxiety in colorectal cancer (CRC) survivors with ostomies is associated with
increased mortality, disease complications, and treatment non-adherence. Ostomy odor
creates anxiety, particularly in public settings. While body image disturbance (BID)
affects this population, relationships between odor, BID, and anxiety remain
understudied, especially regarding sensory perception interactions.

This study examines relationships among ostomy-related issues (leakage, odor,
and peristomal skin complications (PSC)), BID, anxiety, and emotional well-being
(EWB) in CRC survivors with ostomies.

A scoping review was conducted to identify risk factors and consequences of
anxiety in CRC survivors. Cross-sectional studies (N = 130) were conducted with Stage
I-IIT CRC survivors with ostomies recruited through online support groups. Participants
completed surveys containing single-item measures of ostomy issues and validated scales
for anxiety, BID, and EWB. A series of regression analyses with Baron and Kenny's
mediation approach examined relationships while controlling for other anxiety risk
factors identified in the scoping review.

Our scoping review identified ostomy-related issues and BID as anxiety risk
factors in CRC survivors. In our cross-sectional studies, leakage predicted odor (f=0.61,
p<.001), PSC (p=0.51, p<.001), and anxiety (=0.23, p=.003). Adding odor to the model
made leakage's effect on anxiety non-significant (f=0.11, p=0.249), while odor remained
significant ($=0.19, p=0.039), showing full mediation. PSC had no anxiety association.

Odor predicted BID (B=0.15, p=.037), anxiety (f=0.25, p<.001), and EWB (=-0.32,
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p<.001). BID partially mediated odor and EWB relationship but showed no significant

anxiety association (B=0.15, p=.088).
This research demonstrates ostomy odor's central role in the psychosocial
experiences of CRC survivors with ostomies. These findings enhance our understanding

of how olfactory experiences affect psychological outcomes through cross-modal sensory

integration.
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CHAPTER 1
INTRODUCTION



Background

Colorectal cancer (CRC) is a commonly diagnosed cancer globally, ranking as the
third most common in the United States (Siegel et al., 2023). The American Cancer
Society (2024) estimates that in 2024, 106,590 colon and 46,220 rectal cancer cases will
be diagnosed in the US. Despite advances in early detection and treatment that have
improved survival rates, many survivors face significant challenges related to disease and
treatment effects, particularly those with ostomies. For these patients, ostomy surgery
necessitates substantial lifestyle adaptations that extend beyond physical management to
include significant psychosocial implications (Lim et al., 2021; Stavropoulou et al., 2021;

V. Sun et al., 2013).

Anxiety constitutes a significant psychological challenge for CRC survivors with
ostomies (Dellafiore et al., 2022; Farahani et al., 2022; Jayarajah et al., 2016; Peng et al.,
2019), with profound implications for clinical outcomes through reduced treatment
adherence, diminished quality of life, increased healthcare utilization, and elevated risks
of cancer recurrence and mortality (Trudel-Fitzgerald et al., 2018; Zhu et al., 2020).
Living with an ostomy presents complex challenges, with ostomy odor emerging as a
particularly distressing aspect of daily management (V. Sun et al., 2013; Williams, 2008).
Throughout history, social norms have stigmatized unpleasant odors, reflecting cultural
attitudes about cleanliness and acceptability (Corbin, 1986). The psychological burden of
managing ostomy odor manifests as heightened anxiety, especially in public settings
(Annells, 2006; Black & Notter, 2021a; Saunders et al., 2021). These concerns often lead
to behavioral modifications, including social withdrawal and isolation, affecting various

life domains- from professional environments to personal relationships (Black & Notter,



2021a; Lim et al., 2021). Despite the significant psychosocial impact of ostomy odor,
empirical quantitative research examining this phenomenon remains limited in the current

literature.

Body image disturbance (BID) affects up to 78.5% of CRC survivors and is
reported as the most common concern in this population, according to a recent meta-
analysis (Han et al., 2020a). While research has established that changes in physical
appearance and function impact body image, these dimensions are interconnected rather
than separate entities (Fingeret, Hutcheson, et al., 2013; B. Rhoten, 2018; B. A. Rhoten et
al., 2013; B. A. Rhoten, 2016). The relationship between olfactory stimuli and visual
perception is supported by research in cross-modal correspondence, which demonstrates
that odors influence cognitive processing, emotional states, and behavioral responses
(Chen & Spence, 2022; Davies-Owen et al., 2024; Herz, 2009; Spence, 2021). Despite
advances in olfaction research across disciplines, the application of these insights to
oncology contexts remains limited. Current literature typically examines visible changes
as the primary cause of BID, overlooking interactions between sensory modalities,

particularly between olfactory and visual perception.



Purpose and Specific Aims

The purpose of this study is to investigate the complex relationship between
ostomy-related issues (leakage, odor, and peristomal skin complications), BID, and
anxiety in CRC survivors with ostomies. We aim to enhance the understanding of how
odor-related concerns impact psychological well-being and identify potential intervention
points to improve the quality of life in this population. The aims of this dissertation,
which includes three manuscripts, and the hypotheses for empirical studies are detailed
below.

Aim 1. To identify risk factors and consequences of anxiety in CRC survivors
Aim 2. To examine the structural relationships between ostomy-related issues (ostomy
leakage, odor, and peristomal skin complications) and anxiety symptoms in CRC
survivors with ostomies
e Hypothesis 2.1: Increased ostomy leakage, increased odor, and increased
peristomal skin complications will be associated with increased anxiety, even
after controlling for demographic and clinical factors
e Hypothesis 2.2: Both odor and peristomal skin complications will mediate the
relationship between ostomy leakage and anxiety
Aim 3. To examine the structural relationships between ostomy odor, body image
disturbance, anxiety, and emotional well-being in CRC survivors with ostomies.
e Hypothesis 3.1: Increased ostomy odor will be associated with increased body

image disturbance, independent of demographic and clinical factors.
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e Hypothesis 3.2: Increased ostomy odor will be associated with increased anxiety

and decreased emotional well-being, even after controlling demographic and
clinical factors.

e Hypothesis 3.3: Increased body image disturbance will be associated with
increased anxiety and decreased emotional well-being while controlling for
ostomy odor and other factors.

To address Aim 1, a scoping review was conducted. The findings from this review
informed us of the selection of variables for our subsequent empirical investigations.
Specifically, ostomy leakage, odor, peristomal complications, and body image
disturbance were identified as potential predictors of anxiety. Additional demographic
and clinical factors identified as risk factors of anxiety in the literature were included as
covariates in subsequent studies for Aims 2 and 3. This methodological approach allows
for the examination of the independent contributions of each factor to anxiety while

controlling for potential covariates.



Theoretical Framework

This study was guided by three interconnected theoretical frameworks that
provide a comprehensive foundation for understanding the complex relationships
between ostomy-related complications, body image disturbance, and anxiety in colorectal
cancer survivors.

Maurice Merleau-Ponty's (2011) phenomenology of perception provides the
philosophical foundation for this research. His theory emphasizes that human experience
is fundamentally embodied- we understand the world primarily through our bodily senses
rather than abstract cognition. According to Merleau-Ponty (2011), perception involves
the active engagement of the body in its environment, with one's own body existing
simultaneously as both subject and object. This nature of embodied consciousness is
particularly relevant for individuals with ostomies who experience profound changes in
bodily function and sensory experience. In our study, we view ostomy-related olfactory
changes as a critical component of altered sensory experience that fundamentally
reshapes one's lived reality. Merleau-Ponty's concept of embodied consciousness
challenges traditional views of body image as primarily visual, recognizing instead how
integrated sensory experiences- visual, olfactory, and tactile- collectively shape one's
bodily perception. This framework provides a theoretical basis for understanding how
sensory disruptions, especially those related to odor, contribute to anxiety and body
image disturbance in CRC survivors with ostomies. The integration of these varied
sensory inputs ultimately determines how individuals perceive their bodies, suggesting
that ostomy-related odors can profoundly alter one's embodied experience and

relationship with the surrounding world (Merleau-Ponty, 2011).



Complementing this framework, odor-associative learning theory explains how
individuals form mental connections between events and odor based on their prior
experiences (Herz, Schankler, et al., 2004; Herz, 2009). Specifically, odor-associative
learning elucidates how odors trigger emotional responses and influence cognition and
behavior (Herz, 2009). Research demonstrates that odor-related associations are
particularly potent because olfactory stimuli and emotional processing share direct
neuroanatomical connections through the amygdala- a connection that no other sensory
system possesses (Herz, 2009; Spence, 2021). Studies have shown that negative
emotional experiences create more durable associations with odors compared to positive
experiences (Davies-Owen et al., 2024; Herz, 2009), potentially explaining why ostomy
odor concerns persist even after technical management solutions are implemented. This
associative learning process is especially relevant in our study population, as it helps
explain how repeated exposure to ostomy leakage and odor may condition survivors to
experience anxiety even in anticipation of potential odor events, leading to
hypervigilance, social avoidance, and complex ritualistic behaviors around ostomy
management (Black & Notter, 2021a; Dalton & Maute, 2019; Saunders et al., 2021).

Finally, the concept of cross-modal correspondence provides insights into how
different sensory attributes of a stimulus interact across multiple sensory modalities
(Chen & Spence, 2022; Spence, 2021). This theoretical perspective helps explain how
olfactory stimuli can contribute to the visual perception of self and others. For colorectal
cancer survivors with ostomies, this suggests that odor-related concerns may significantly
impact their body image and self-perception beyond merely physical appearance

concerns.
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Abstract

Purpose Anxiety is one of the most common psychological issues among colorectal
cancer (CRC) survivors. It can interact with physical symptoms, impacting cancer
progression, survival, and quality of life. This scoping review aims to explore the factors
associated with anxiety in patients with CRC and the instruments used to measure

anxiety.

Methods Using Arksey and O’Malley’s (2005) framework for the scoping review, studies
investigating anxiety in CRC patients published in CINAHL, PubMed, PsycINFO, and

Scopus between 2013 and 2024 were included.

Results We analyzed fifty-one studies for this review. The review identified several risk
factors and consequences of anxiety in CRC patients. The risk factors were classified into
six domains using Niedzwiedz et al.'s (2019) framework: individual characteristics,
social/ contextual factors, prior psychological factors, psychological responses to
diagnosis and treatment, characteristics of cancer, and treatment. The consequences of
anxiety were classified into three categories: global health status/quality of life, functions,
and symptoms/problems. The most frequently used tool was the Hospital Anxiety and
Depression Scale, with International Classification of Diseases codes being the second

most used.

Conclusions This scoping review highlighted the intricate interaction between biological
and psychosocial aspects in the lives of CRC survivors. It also identified unique factors

associated with anxiety among these individuals. However, the review found some
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inconsistencies in the results related to anxiety-related factors, potentially due to

differences in study populations, designs, measurement tools, and analysis methods.

Implications for Cancer Survivors This review underscores the potential for
interventions targeting modifiable factors to prevent or reduce anxiety and enhance the

quality of life for CRC survivors.
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Introduction

Colorectal cancer (CRC) is a common diagnosis, ranking as the third most
common cancer in the US (Siegel et al., 2023). The American Cancer Society (2024)
estimates that in 2024, there will be 106,590 colon and 46,220 rectal cancer cases
diagnosed in the US, with an expected 53,010 deaths from CRC. However, due to
advances in early diagnosis and treatment, CRC-related mortality rates have been
gradually declining (Siegel et al., 2023). Notably, the rate of young-onset CRC,
diagnosed before the age of 55, has been increasing over the past two decades for
unknown reasons (American Cancer Society, 2024; Khoo et al., 2022). According to the
American Cancer Society report (2024), since the mid-1990s, the incidence of CRC has
risen by 1% to 2% annually in individuals under 55. As a result, a growing number of
survivors are expected to live longer while dealing with the effects of their disease and

treatment, such as increased levels of anxiety.

According to a recent meta-analysis, the pooled prevalence of anxiety symptoms
in CRC patients was 18.9% (Zamani & Alizadeh-Tabari, 2023). Excessive anxiety in any
cancer patient is concerning as it is associated with increased disease complications,
treatment issues, and mortality rates. A US-based prospective cohort study involving
1228 health professionals diagnosed with CRC found that increases in anxiety symptoms
correlated with a 17% higher mortality risk, even after controlling for cancer
characteristics (Trudel-Fitzgerald et al., 2020). Therefore, understanding the factors
associated with anxiety within the CRC population is crucial for its effective prevention

and treatment.
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Despite numerous recent findings in this research area, no scoping review

specifically focusing on anxiety in the CRC population has been published. Some
systematic (Cheng et al., 2022; Xia et al., 2024) or literature reviews (Peng et al., 2019)
exist, though these address narrower research questions such as the onset (Cheng et al.,
2022) or prevalence of anxiety (Peng et al., 2019), or the predictive value of anxiety on
the mortality of patients with CRC (Xia et al., 2024). However, these reviews often
exclude findings that would provide a broader view of this phenomenon. In addition,
while the existing literature contains several comprehensive review articles on anxiety in
cancer patients as a generalized group (Curran et al., 2017; Niedzwiedz et al., 2019;
Pitman et al., 2018; Traeger et al., 2012; Wang et al., 2020; Y1 & Syrjala, 2017), there are
few that specifically address anxiety in CRC patients. Synthesizing findings on anxiety in
specific types of cancer is crucial, as each cancer type exhibits unique characteristics in
terms of disease progression and treatment modalities. CRC patients often experience
unique anxiety-related factors that differentiate them from other cancer patients, such as
social isolation resulting from bowel or ostomy problems (Carlile & McAdam, 2023;
Saunders et al., 2021). The primary purpose of this scoping review is to synthesize and
compile findings on the factors associated with anxiety in CRC patients. By analyzing the
current literature, our goal is to identify risk factors and consequences of anxiety in CRC
survivors, as well as the instruments used for assessment. Through this, we aim to

pinpoint the current research gaps concerning anxiety in this population.

Methods

We followed Arksey and O'Malley's (2005) methodological framework for this

scoping review. The research process was initiated with an initial article search in
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November 2023, in consultation with a health sciences librarian. To ensure that our

research was up to date and included the most recent information available, we conducted
a final follow-up search in April 2024. We utilized four key databases for the search:
CINAHL, PubMed, PsycINFO, and Scopus. Our search strategy was carefully crafted to
capture a broad range of articles related to anxiety and colorectal cancer. The specific
query used was: ((anxiety[Title/Abstract]) AND (colorectal| Title/Abstract] OR
colon[Title/Abstract] OR bowel[Title/Abstract] OR rectal[Title/Abstract])) AND
(cancer|[Title/Abstract] OR neoplasm*|[Title/Abstract] OR carcinoma*[Title/Abstract] OR
tumor*[Title/Abstract]). We included articles with ‘colorectal cancer’ and ‘anxiety’
keywords in their title or abstract, published in English between 2013 and 2024. We
limited our search to this period to collect the most current research on this issue. We
excluded studies where CRC or anxiety was not the major subject (e.g., mixed results
with other cancer populations or other mental health outcomes like depression), those
solely evaluating specific intervention aspects (e.g., surgical technique, cognitive

behavior therapy), or studies centered on colorectal cancer screening.

Our selection process is visualized using a PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) flow diagram (see Figure 1). At the initial
stage of our process, a total of 1616 studies were identified as potential sources for our
review. Using Covidence, we identified 601 duplicate studies to remove from our pool.
We also manually identified an additional 14 duplicates, further refining our pool. After
eliminating these duplicates, we were left with 1001 studies. After reviewing titles and
abstracts, we excluded 916 studies that did not meet our prespecified criteria for

inclusion. We then reviewed the full text of the remaining 85 studies, leading to the
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exclusion of 34 additional studies. The reasons for their exclusion varied, including issues

such as unsuitable mixed samples (e.g., results related to anxiety were mixed with those
of other cancer populations or individuals without a cancer diagnosis) or unsuitable study
design (e.g., results related to anxiety were combined with other mental illnesses such as
depression, or studies where anxiety is not the focus) (Figure 1). After this
comprehensive review and exclusion process, 51 studies met our specified criteria and

were included in our review.

The data charting process for this scoping review involved extracting key
information from each included study. The extracted data items included the authors and
year of publication, study design, the country where the study was conducted, cancer site,
stage of cancer at the time of the study, sample size, exclusion of participants with a
mental health history, study timeframe, measures used to assess anxiety, cut-off points
used in these measures, identified risk factors for anxiety, and the consequences of

anxiety as reported in the study.

Figure 1.

Prisma for anxiety among colorectal cancer survivors
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Results

The included articles comprise three review papers, 43 quantitative studies
(including 22 cross-sectional and 21 longitudinal studies), four qualitative studies, and
one mixed-method study. These studies were conducted in various countries, with the
majority in the US (n=12) and China (n=10), including Brazil, Spain, the Netherlands,
and Japan. The characteristics of the included studies are summarized in Table 1. In
addition, this table categorizes variables into two groups: risk factors and consequences
of anxiety. We consider independent variables as potential risk factors and dependent
variables as potential consequences. We also consider timely sequences or mechanistic
plausibility, such as gender being a risk factor of anxiety, not the other way around. The
interpretation of results within the studies also significantly influences our classification
process. However, it is important to note that due to the observational nature of most
included studies, our ability to confidently establish a clear cause-and-effect relationship,

or even directionality, between anxiety and the other variables is inherently limited.



We classified data on risk factors into six domains using Niedzwiedz et al.’s
(2019) framework, designed to explain factors contributing to depression and anxiety
among cancer patients. The framework considers individual characteristics, social/
contextual factors, prior psychological factors, psychological responses to diagnosis,
characteristics of cancer, and treatment (Niedzwiedz et al., 2019). We modified the
'‘psychological responses to diagnosis' domain to 'psychological responses to diagnosis
and treatment', as most psychological factors in our included studies were evaluated

during or after treatment.

22
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Table 1.

Included study characteristics, anxiety risk factors, consequences, and assessment instruments

Author  Study Country Canc  Cancer Sample Exclusion  Time Anxiety  Cut-off Risk Factors ~ Consequenc
s Design er Stage Size of Measure  Points es
(Year) site Participant S

s with

Mental

Health

History

Akyolet Cross- Turkey Colo N/A 105 N/A N/A HADS Turkey >Individual ~ Global QOL

al. sectional n, version: characteristic  (-), physical

(2015) rectu >10 high  s: functioning,

m anxiety female (+) role

functioning,
cognitive
functioning,
emotional
functioning,
and social
functioning
),
symptoms
(Fatigue,
Nausea/Vo
miting,
pain,
appetite
loss) (+),
(Dyspnea,
insomnia,
constipation
, diarrhea)
(0),
financial
problems
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Benedict
et al.
(2016)

Benedict
et al.
(2018)

Cross-
sectional

Cross-
sectional

US

US

Recta
1 or
anal
cance
r

Recta
1 or
anal
cance
r

I[-11I

I-111

70
(females

)

144

N/A

N/A

Post-
treatment
&

Mean
years
since
treatment
(SD)=4.3
(3.3)

Post-
treatment
&

Mean
years
since
treatment
(SD)=4.6
3.3)

Brief continuou
Sympto s

m

Inventor

y (BSI)

Anxiety

subscale

Brief continuou
Sympto S

m

Inventor

y (BSD)

Anxiety

subscale

>Prior
psychologica
1 factors:
body image
disturbance
(+)
>Characteris
tics of
cancer:

GI
symptoms
(e.g., feeling
bloated, gas,
and pain in
abdomen)
(+), diarrhea
(0) >Cancer
treatment:
having
ostomy (+)

>Individual
characteristic
s:

female (+)
>Characteris
tics of
cancer:
diarrhea (+).
diarrhea—

(+), sexual
(touch,
avoidance,
Anorgasmia
) problems

)
N/A

N/A
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Boehmer Cross- US
et al. sectional

(2021)

Boehmer Cross- US
, Clark, sectional

et al.

(2022)

Colo

rectu

Colo

rectu

I-111

[-11I

Heterose
xual
(n=353)
and
Sexual
minority
(n=127)

Sexual
minority
(n=127)

N/A

N/A

Within 5
years
following
CRC
diagnosis

Within 5
years
following
CRC
diagnosis

Health-
related
anxiety
in QLQ-
CR29,
HADS

Health-
related
anxiety
in QLQ-
CR29,
HADS

Health-
related
anxiety>
dichotomi
zed:

<51 vs.
>51

HADS>
Dichotom
ized

<8:
normal
>8:
presence
of anxiety

Health-
related
anxiety>
dichotomi
zed:

<51 vs.
>51

HADS>
continuou
s

social
function (-)

>Individual
characteristic
s:

Sexual
minority (+)

>Individual
characteristic
s:

Age at
diagnosis
(-,0), sexual
minority
identity in
years (-)
>Social &
Contextual
factors:
discriminatio
n (),
employed
(),
neighborhoo
d poverty (+)

N/A

N/A
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Boehmer Cross-

, sectional
Ozonoff,

et al.

(2022)

Colo

rectu

I-111

Heterose N/A
xual

(n=353)

and

Sexual

minority
(n=127)

Within 5
years
following
CRC
diagnosis

Health-
related
anxiety
in QLQ-
CR29,
HADS

Health-
related
anxiety>
dichotomi
zed:

<51 vs.
>51

HADS>
Continuo
us

>Psychologi
cal response
to diagnosis
and
treatment:
denial
coping (+),
embarrassme
nt due to
stoma or
bowel
movements
()
>Characteris
tics of
cancer:

dry mouth

)

>Individual
characteristic
s:

Sexual
minority
after
adjusting for
covariates
(0), age at
diagnosis
(-,0), poor
health (+),
comorbidity
(),
overweight
or obese (-)
>Social &
Contextual

N/A
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factors:
employed
),
discriminatio
n experience
),
loneliness
(),
education
level (-),
support (-)
>Psychologi
cal response
to diagnosis
and
treatment:
attending
support
group (+),
active
coping (+),
low body
image (+),
weight
concerns (+),
resilience (-)

>Characteris
tics of
cancer:

Abd pain
(1), dry
mouth (+),
embarrassme
nt (+),
flatulence

*)
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Bonhof Cross-

et al. sectional
(2019)

Braamse  Cross-

et al. sectional
(2016)

Carlile Qualitativ
& e

McAda

m (2023)

Netherl
ands

Netherl
ands

UK

Colo

rectu

Colo

rectu

Colo

rectu

I-1v 1643 N/A

I-1v 91 N/A

I-I1I 15 N/A
(Duke

classifica

tion: A-

)

Mean
years
since
diagnosis
(SD)=6.1
(2.8)

Diagnose
d35t06
years ago

Complete

d curative

treatment
at least 6
months

previousl

y

HADS Continuo
us

Beck Continuo

Anxiety  us

Inventor

Yy

Intervie N/A
w

>Cancer
treatment:
chemo (+)

>Cancer
treatment:
Chemothera
py-Induced
Peripheral
Neuropathy
H

>Individual
characteristic
s:
comorbidity
()
>Characteris
tics of
cancer:

The time
since cancer
diagnosis (-)

>Psychologi
cal response
to diagnosis
and
treatment:
fear of
recurrence
H
>Cancer
treatment:
bowel or
ostomy
dysfunction

)

Fatigue (+)

N/A

Social
functioning
),

sexual
dysfunction,
dietary
changes




29

Cheng et
al.
(2022)

Di
Cristofar

oetal.
(2014)

Systemati
¢ Review
and Meta-
Analysis

Prospectiv
e Cohort

N/A

Italy

Colo
n’
rectu
m

Colo

rectu

N/A

I-1v

8 cohort
studies
(only 6
studies
assessed
anxiety)

116

N/A

N/A

The
included
articles
were
published
between
2010 and
2021

At the
time of
admission
and at 1
and 6
months

ICD-9 N/A
code (n=

N,

Hospital
Anxiety

and

Depressi

on Scale
(HADS)

(n=1)

EORTC Continuo
colorecta us
1 cancer

module
(CR29)

> Individual
characteristic
s:

Age at
diagnosis
(+/-), female
(),
comorbiditie
s (1)

>
Characteristi
cs of cancer:
cancer stage
(+), cancer
site (0: CRC
diagnosis, no
matter the
site, is linked
with
increased
anxiety)

> Cancer
treatment:
radiotherapy
(),
chemotherap
y (),
colostomy

)

>Cancer
treatment:

1 month
after surgery,
complication

s (+)

After
adjusting
for age, sex,
and number
of
comorbiditi
es: global
QOL (-),
physical
functioning,
role
functioning,
cognitive
functioning,
emotional
functioning,
and social
functioning
)
mortality
()

N/A
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Gonzale  Longitudi
z-Saenz  nal

de

Tejada et

al.

(2016)

Gonzale  Longitudi
z-Saenz  nal

de

Tejada et

al.

(2017)

Colo

rectu

Colo

rectu

N/A

972

N/A

N/A

after
surgery

Before HADS
surgery

and 12

months

afterward

S

Before HADS
surgery

and 12

months

afterward

<8: Non-
case

>8:
Borderlin
e case
>11:
Probable
case

Continuo

us

N/A After
adjusting
for age,
location,
gender, and
baseline
HRQoL:
emotional
functioning
(-), physical
functioning,
role
functioning,
cognitive
functioning,
emotional
functioning,
and social
functioning
(0), pain
(1), fatigue
(+)

>Individual N/A
characteristic
s:

age (),
female (+),
married (0)
>Social &
Contextual
factors:
Unemployed
(0), social
support (-),
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(Gray et
al.
(2014)

Cross-
sectional

UK

Colo
n’
rectu
m

N/A

496

N/A

Within 26 HADS
weeks or

between

48 weeks

to 2 years

since

CRC

diagnosis

Dichotom
ized

<8: non-
case

>8:
borderline
case

>Psychologi
cal response
to diagnosis
and
treatment:
baseline
HADS (-),
insomnia (+)

>Characteris
tics of
cancer:
cancer stage
(0), location
(0),
physical
function (-),
cognitive
function (-),
social
function (-),
functionally
independent

¢)

>Individual N/A
characteristic
s:

smoker (+)
>Social &
Contextual
factors:
unemployed
(+), living in
a deprived
area (+),
difficulty in
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carrying out
domestic
chores,
financial
difficulty
(),
communicati
on difficulty
(+), living
arrangement
difficulty
(+), isolation
()

>Prior
psychologica
1 factors:

Hx Anxiety
or
Depression
()
>Psychologi
cal response
to diagnosis
and
treatment:
negative
emotional
consequence
s (1),
depression
()
>Characteris
tics of
cancer:
Nausea or
vomiting
(+), dyspnea
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Hess et
al.
(2023)

Holthuij
sen et al.
(2024)

Cross-
sectional

Prospectiv
e Cohort

Us

Netherl
ands

Colo
n’
rectu
m

Colo
n,
rectu
m

I-1v

[-111

277 (60 N/A

years)

249

N/A

N/A

At 6
weeks, 6
months,
12
months,
24

Patient-
Reported
Outcome
S
Measure
ment
Informati
on
System
(PROMI
S)
Anxiety
Four-
item
Short
Form

HADS

Dichotom
ized as
Not or
mild
anxiety (t-
score<60)
Vs
Moderate
or severe
anxiety (t-
score
>60)

<8: No
anxiety
disorder
>8:
Potential

(+), sleep
disturbance
(+), diarrhea
(+), pain (+),
# of
symptoms
(),
cognitive
functioning

¢)

>Individual
characteristic
s:

age (0),
female (0),
race-
ethnicity (0),
married (0)
>Social &
Contextual
factors:
educational
level (0),
unemployed
(0)
>Characteris
tics of
cancer:
cancer stage

(0)

>Characteris
tics of
cancer:
After
adjusting
confounder,

After
adjusting
age, sex,
race, and
cancer
stage:
depression
(+), frailty
),
physical
HRQOL (-),
mental
HRQOL (-)

N/A
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Howren
et al.
(2022)

Retrospect
ive Cohort

Canada

Colo
n,
rectu
m

N/A

54,634
(&546,3
40
cancer-
free)

Met the
case
definition
for
anxiety
before the
index date

months,
and 60
months
post-
treatment

Initial (12
months
after
diagnosis
),
continuin
g
(Between
initial and
end of
life
phase),
end-of-
life (12
months
before
cancer
death)

ICD
codes (9
or 10)

: ICD-9:
300.0,
300.2
ICD-10:
F40-F41

anxiety
disorder

To meet
the case
definition
for
anxiety,
>1
inpatient
ICD code
or2
outpatient
ICD
codes
within a
2-year
period

plasma 3-
hydroxyanth
ranilic acid
(-), Time
after post-
treatment (0)

>Individual ~ N/A
characteristic
s:

In
participants
diagnosed
with CRC
under the
age of 50,
the risk of
anxiety was
similar to
those of
cancer-free
controls (0),
Participants
diagnosed
with CRC
after the age
of 50 had a
higher risk
of anxiety
than cancer-
free
individuals
in the same
age group
(+), after
adjusting for
the




Hu et al.
(2022)

Case-
Control

China

Colo
n,
rectu
m

I-111

602

Mental
disease or
pre-
operate
HADS>=8

Pre-
surgery
and 2
weeks
post-
discharge

HADS

Dichotom
ized:

<8:
Normal
>8:
Anxiety

confounding
variables,
age at
diagnosis (0)
>Characteris
tics of cancer
Time since
CRC
diagnosis
(b/w initial
and end of
life>12
months after
CRC
diagnosis>
12 months
before
cancer
death)

>Individual
characteristic
s:

female (+),
age (0),
married (-),
comorbidity
()

>Social &
Contextual
factors:
education
level (0),
dissatisfactio
n with
income (+)
>Characteris

N/A
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Huang et
al.
(2023)

Hyphant
is et al.
(2016)

Jakobsso
n et al.
(2016)

Prospectiv  China
e Case-

control

Prospectiv  Greece

e Cohort

Prospectiv. Sweden

e Cohort

Colo

rectu

Colo I-III

rectu

Colo
n’
rectu
m

N/A

362 Mental
illness

84 History of

(& 82 psychotic

breast illness

cancer,

50

unknow

n cancer,

and 84

healthy

controls)

105 N/A

1-2 days
before
and after
chemo

Baseline
and after
one year
& Mean
months
since
diagnosis
(SD)=
15.5(23)

Pre-
surgery
and up to
6 months

HADS Continuo
us

Sympto  Continuo

m us

Distress

Check

List

(SCL-

90-R)

State- Continuo

Trait us

Anxiety

Inventor

y (STAI)

tics of
cancer:
Cancer stage
(0), Poor
performance
Status (+)
>Cancer
treatment:
Postoperativ
e
complication
(),
chemotherap
y (),
permanent
stoma (+)

N/A

>Characteris
tics of cancer
Time (+)

>Characteris
tics of
cancer:
Time, before

surgery (+)

Cancer-
related
fatigue (+)

Trouble
falling
asleep (+),
wakening
up early in
the morning

(©)

N/A
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Jin et al.
(2019)

Kerckho
ve et al.
(2021)

Longitudi
nal

Cross-
sectional

China

France

Recta

cance

Colo

rectu

N/A

67

96

History of
mental
illness

N/A

post-
surgery

1-2days  HADS
pre-

surgery

(with

colostom

y) and

pre-

discharge

<5 years HADS
from the

time

chemothe

rapy was

discontin

Continuo
us

<8:
Normal
>8:
Borderlin
e or
suggestiv

>Cancer
treatment:
Types of
CRC
surgery:
rectal
resection,
abdominoper
ineal
resection,
and colonic
resection (0)
Within the
groups
(colonic
resection
reported less
anxiety at
discharge
than before

surgery)

>Characteris
tics of
cancer:
pre-surgery

)

>Cancer
treatment:
Chemothera
py-Induced
Peripheral

Psychosocia
1 behavior
reactions
(-): impact,
acknowledg
ment,
retreat, and
reconstructi
on

N/A
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Lim et Mixed Australi
al. method a
(2022) (cross-
sectional
& semi-
structured
interviews
)
Lloydet Retrospect US
al. ive Cohort
(2019)

Colo 1V 38 N/A

n,

rectu

m

Colo I-1V 8,961 Prior

n, history of
rectu mental

m illness

ued

&

who were
treated
with
adjuvant
oxaliplati
n-based
chemothe

rapy

Between interview
0.5-2
years
post-
surgery.
Mean
months
since
treatment
(SD)= 14
(5)

At 0-2
years, >2-
5 years or
>5 years
after CRC
diagnosis

ICD-9
diagnosti
¢ codes

e of Neuropathy
anxiety 6]

>11:

Indicative

of anxiety

N/A >Psychologi
cal response
to diagnosis
and
treatment:
active
confrontatio
n (-),
meaning
making (-),
and
acceptance
(-), active
avoidance (-,
+), passive
avoidance (-,
+)

>Characteris
tics of
cancer:

The time
since cancer
diagnosis (-)
(Adj. HR):
0-2 Years
(2.84), 2-5

Clinical
classificat
ions
software

N/A

Mortality
(+), but this
is a mixed
result with
other mental
illnesses.
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Miranda
et al.
(2014)

Miranda
et al.
(2017)

Miranda
et al.
(2018)

Cross- Brazil
sectional
Cross- Brazil
sectional
Cross- Brazil
sectional

Colo
n,
rectu
m

Colo
n,
rectu
m

Colo

n’

N/A 20
(& 20
healthy)

Schizoaffe
ctive
disorder,
bipolar
disorder,
or panic
disorder

N/A 80 Schizoaffe
ctive
disorder,
bipolar
disorder,
or panic
disorder

11 60
(& 20
healthy)

Schizoaffe
ctive
disorder,

Within 15 HADS Continuo
to 30 us

days after

diagnosis

and

admitted

for tumor

resection

Four HADS Continuo
groups us
(n=20

each):

pre-

surgery;

post-

resection

without

therapy;

on

chemothe

rapy for

~3

months;

and post

~6-month

chemothe

rapy

Pre- HADS Continuo
chemothe us

rapy,

Years (1.24),
and +5 Years

(1.3)

>Characteris
tics of
cancer:
proinflamma
tory cytokine
levels: IL-1B
(+), IL-6 (+),
IL8 (+),
TNF-a (+),
IL-10 (-)

>Characteris
tics of
cancer:
Fractalkine
serum levels
(+) at
different
stages of
antitumor
therapy

>Characteris
tics of
cancer:

N/A

N/A

N/A
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Mohame  Qualitativ

detal. e
(2021)

rectu

Blad N/A
der,

colon

,or

rectal

bipolar
disorder,
or panic
disorder

30 N/A

(& 13

caregive

rs)

Under
chemothe
rapy and
post-
chemothe
rapy, n =
20 in
each
group

Complete
d ostomy
surgery
Time
since
surgery:
<1 year
20%

1-2 years
50%

>2 years
30%

Intervie N/A
w

proinflamma
tory cytokine
levels: IL-1B
(+), IL-6 (+),
IL8 (+),
TNF-a (+),
IL-10 (-) at
different
stages of
antitumor
therapy

>Cancer
treatment:
Learning
about stoma
care by’ trial
and errors’,
need to
master
ostomy care,
everyday
challenges in
the utility of
stomal
appliances,
post-surgical
morbidity,
changes in
body image,
and
difficulties
resuming
‘normal
activities’

N/A
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Mols et
al.
(2018)

Orive et
al.
(2022)

Prospectiv Netherl

e Cohort ands
Prospectiv  Spain
e Cohort

Colo

rectu

Colo
n’
rectu
m

I-1v

0-1v

2625
(& 315
cancer-
free)

2531

N/A

Any
severe
mental
conditions

HADS <8: Low

>8: High

In 2010,
2011,
2012, and
2013
(data
from the
cancer
registry)
&

mean
years
since
diagnosis
(SD)=5.2
(2.8)

HADS <8:
surgery, Absence
and at 1, of anxiety
2,3, and >8:

5 years Possible
after case
surgery >11:
Higher a

Before

>Individual
characteristic
s:

cancer group
(1), age (-),
female (+),
married (-),
comorbiditie
s (+)
>Social &
Contextual
factors:
education
level (-)
>Characteris
tics of
cancer:
Cancer stage
(0), Time
since CRC
diagnosis (0)
>Cancer
treatment:

Radiotherap
y (0),
Chemothera
py (0)

>Individual
characteristic
s:

female (+)
>Psychologi
cal response
to diagnosis
and

After
adjusting
for age, sex,
and number
of
comorbiditi
es: global
QOL (-),
physical
functioning,
role
functioning,
cognitive
functioning,
emotional
functioning,
and social
functioning

Q)

Mortality
(+)
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Peng et Literature
al. Review
(2019)

Rennaet Cross-

al. sectional
(2022)

N/A

US

Colo
n,
rectu
m

Colo

N/A

15
cohort
studies

88

N/A

N/A

The
included
articles
were
published
between
1967 and
2018

Within 1-
3 months
after

diagnosis

probable
case

HADS N/A
(7) ICD-
9(2)
Minnesot
a
Multipha
sic
Personali
ty
Inventor
y (1),
Brief
Sympto
m
Inventor

y-18 (1)

Beck Continuo
Anxiety  us

treatment:
baseline
anxiety level
H
>Characteris
tics of
cancer:

stage (+)
>Cancer
treatment:
chemotherap
y (),
Complicatio
ns at lyear
after surgery
()

>Individual
characteristic
s:

age (+/0)

N/A

N/A

After
adjusting
stage,
comorbiditi
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rectu

Révész Longitudi  Netherl Colo I-1V
et al. nal ands n,
(2022) rectu

m
Salamon Qualitativ. Norway Recta I-III
senetal. e 1
(2016)
Saunders Qualitativ. ~ US Recta I-III
et al. e 1
(2021)

910 N/A
(non-

drinkers

=191 vs.
drinkers

of

alcohol

=719)

9 N/A

15 N/A
(&, 5

caregive

rs, 10

physicia

ns.)

and
before
undergoin
g
adjuvant
cancer
treatment

At
diagnosis
and 3-,
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Based on data extracted from the included studies, we summarized the risk factors
and consequences of anxiety in CRC survivors in Table 2. The consequences of anxiety
in survivors of CRC were multifaceted and could be divided into three categories: global
health status/quality of life, functions, and symptoms/problems. These categories were
derived from the subcategories of the European Organization for the Research and
Treatment of Cancer Quality of Life Questionnaire-C30 (EORTC QLQ-C30), a quality-
of-life instrument for cancer patients (Aaronson et al., 1993; Fayers et al., 2001). In this
instrument, a high score for global health status or quality of life represents a high quality
of life. A high score on a functional scale indicates a high or healthy level of functioning.
Lastly, a high score for a symptom scale or item indicates a high level of symptomatology
or problems. We modified ‘symptom scales/items’ to 'symptoms/problems’. If studies had
outcome variables not assessed by the EORTC QLQ-C30, we categorized them according

to their closest relevance with items of this instrument under each category.

Table 2.

Risk factors and consequences of anxiety in colorectal cancer survivors

Categories Subcategories/ Factors
Risk Factors
Individual Age (- (Gonzalez-Saenz de Tejada et al., 2017; Mols et al., 2018), +, 0 (Hess et al.,

Characteristics 2023; Howren et al., 2022; Hu et al., 2022; Tamura, 2021)) (Cheng et al., 2022;
Peng et al., 2019)
Sex: female (+ (Akyol et al., 2015; Benedict et al., 2018; Cheng et al., 2022;
Gonzalez-Saenz de Tejada et al., 2017; Hu et al., 2022; Mols et al., 2018; Orive et
al., 2022; Trudel-Fitzgerald et al., 2020; Zhou & Sun, 2021), 0 (Hess et al., 2023;
Tamura, 2021)), sexual minority (+ (Boehmer et al., 2021), 0 (Boehmer, Ozonoff, et
al., 2022))
Ethnicity (0 (Hess et al., 2023))
Marital status: married (- (Hu et al., 2022; Mols et al., 2018; Zhou & Sun, 2021), 0
(Gonzalez-Saenz de Tejada et al., 2017; Hess et al., 2023; Tamura, 2021))
Comorbidities (+ (Boehmer, Ozonoff, et al., 2022; Braamse et al., 2016; Cheng et
al., 2022; Hu et al., 2022; Mols et al., 2018; Trudel-Fitzgerald et al., 2020), 0
(Tamura, 2021; Trudel-Fitzgerald et al., 2020))
Behavioral factors: alcohol consumption (- (Révész et al., 2022)), physical activity
(- (Vallance et al., 2015)), smoking (- (Zhou & Sun, 2021), + (Gray et al., 2014)),
overweight or obsess (- (Boehmer, Ozonoff, et al., 2022)), malnourished (+ (Soria-
Utrilla et al., 2022))
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Social/Contextual
Factors

Education level (- (Boehmer, Ozonoff, et al., 2022; Mols et al., 2018),0 (Hess et al.,
2023; Hu et al., 2022; Tamura, 2021))

Employment status: employed (- (Gray et al., 2014; Zhou & Sun, 2021), +
(Boehmer, Clark, et al., 2022; Boehmer, Ozonoff, et al., 2022), 0 (Gonzalez-Saenz
de Tejada et al., 2017; Hess et al., 2023))

Financial status: financial difficulty (+ (Boehmer, Clark, et al., 2022; Gray et al.,
2014; Hu et al., 2022; Tamura, 2021))

Social support: support (- (Boehmer, Ozonoff, et al., 2022; Gonzalez-Saenz de
Tejada et al., 2017)), self-disclosure (- (Tamura, 2021)), discrimination (+
(Boehmer, Clark, et al., 2022; Boehmer, Ozonoff, et al., 2022)), loneliness (+
(Boehmer, Ozonoff, et al., 2022))

Disruptive life events prior to cancer diagnosis (+ (Salamonsen et al., 2016))

Prior
Psychological
Factors

Pre-existing psychiatric disorders: pre-existing anxiety or depression (+ (Gray et al.,
2014))
Personality: type D-personality (+ (Zhang et al., 2016))

Psychological
Responses to
Diagnosis and
Treatment

Fear of cancer recurrence (+ (Carlile & McAdam, 2023))

Baseline anxiety level (+ (Orive et al., 2022))

Depression (+ (Gray et al., 2014))

Insomnia (+ (Gonzalez-Saenz de Tejada et al., 2017))

Coping behavior: meaning-making (- (Lim et al., 2022)), acceptance (- (Lim et al.,
2022)), support group (- (Lim et al., 2022), + (Boehmer, Ozonoff, et al., 2022)),
active avoidance (-, +) (Lim et al., 2022), passive avoidance (-, +) (Lim et al., 2022),
denial (+ (Boehmer, Clark, et al., 2022))

Resilience (- (Boehmer, Ozonoff, et al., 2022; Tamura, 2021))

Body image disturbance (+ (Benedict et al., 2016; Boechmer, Ozonoff, et al., 2022;
Song et al., 2020))

Embarrassment (+ (Boehmer, Clark, et al., 2022; Boehmer, Ozonoff, et al., 2022))

Characteristics of
Cancer

Stage: cancer (+ (Cheng et al., 2022)), cancer stage (+ (Cheng et al., 2022; Orive et
al., 2022; Zhou & Sun, 2021),0 (Gonzalez-Saenz de Tejada et al., 2017; Hess et al.,
2023; Hu et al., 2022; Mols et al., 2018))

Cancer Site (0 (Cheng et al., 2022; Gonzalez-Saenz de Tejada et al., 2017))

Time since diagnosis or treatment (- (Braamse et al., 2016; Jakobsson et al., 2016;
Jin et al., 2019; Lloyd et al., 2019), + (Hyphantis et al., 2016; Zhou & Sun, 2021), 0
(Holthuijsen et al., 2024; Mols et al., 2018))

Physical symptoms: GI symptoms (+ (Benedict et al., 2016)), diarrhea (0 (Benedict
et al., 2016), + (Benedict et al., 2018)), abdominal pain (+ (Boehmer, Ozonoff, et
al., 2022)), flatulence (+ (Boehmer, Ozonoff, et al., 2022)), dry mouth (+ (Boehmer,
Clark, et al., 2022; Boehmer, Ozonoff, et al., 2022))

Functional decline: cognitive functioning (- (Gonzalez-Saenz de Tejada et al., 2017;
N. M. Gray et al., 2014)), physical functioning (-(Gonzalez-Saenz de Tejada et al.,
2017)), social functioning (- (Benedict et al., 2018; Gonzalez-Saenz de Tejada et al.,
2017)), performance (- (Hu et al., 2022)), functionally independent (- (Gonzalez-
Saenz de Tejada et al., 2017))

Blood biomarkers: IL-1f (+ (Miranda et al., 2014, 2018)), IL-6 (+ (Miranda et al.,
2014, 2018)), IL8 (+ (Miranda et al., 2014, 2018)), TNF-o (+(Miranda et al., 2014,
2018)), IL-10 (-(Miranda et al., 2014, 2018)), Fractalkine (+ (Miranda et al., 2017)),
3-hydroxyanthranilic acid (- (Holthuijsen et al., 2024))

Cancer Treatment

Treatment modality: radiotherapy (+ (Boehmer, Ozonoff, et al., 2022; Cheng et al.,
2022; Hu et al., 2022; Orive et al., 2022),0 (Mols et al., 2018)), chemotherapy (+ [6,
23,33, 46], 0 (Mols et al., 2018)), ostomy (+ (Benedict et al., 2016; Cheng et al.,
2022; Song et al., 2020)), permanent ostomy (+ (Hu et al., 2022), 0 (Song et al.,
2020)), resection site (0 (Jakobsson et al., 2016))

Complications(+ (Di Cristofaro et al., 2014; Hu et al., 2022; Orive et al., 2022)):
chemotherapy-induced peripheral neuropathy (+ (Bonhof et al., 2019; Kerckhove et
al., 2021; Selvy et al., 2020)), ostomy complications (+ (Carlile & McAdam, 2023;
Mohamed et al., 2021; Saunders et al., 2021))
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Consequences
Global Health Global QOL (- (Akyol et al., 2015; Cheng et al., 2022; Hess et al., 2023; Mols et al.,
Status/ Quality of  2018; Tamura, 2021), 0 (Gonzalez-Saenz de Tejada et al., 2016))

Life (QOL) Mortality (+ (Cheng et al., 2022; Lloyd et al., 2019; Orive et al., 2022; Trudel-
Fitzgerald et al., 2020), 0 (Soria-Utrilla et al., 2022; Xia et al., 2024))
Functioning Physical functioning (- (Akyol et al., 2015; Cheng et al., 2022; Mols et al., 2018;

Xiangting et al., 2023), 0 (Gonzalez-Saenz de Tejada et al., 2016))
Role functioning (- (Akyol et al., 2015; Cheng et al., 2022; Mols et al., 2018;
Xiangting et al., 2023), 0 (Gonzalez-Saenz de Tejada et al., 2016))
Cognitive functioning (- (Akyol et al., 2015; Cheng et al., 2022; Mols et al., 2018),
0 (Gonzalez-Saenz de Tejada et al., 2016))
Social functioning (- (Akyol et al., 2015; Carlile & McAdam, 2023; Cheng et al.,
2022; Mols et al., 2018; Saunders et al., 2021), 0 (Gonzalez-Saenz de Tejada et al.,
2016))
Emotional functioning (- (Akyol et al., 2015; Carlile & McAdam, 2023; Cheng et
al., 2022; Gonzalez-Saenz de Tejada et al., 2016; Mols et al., 2018; Saunders et al.,
2021))
Sexual functioning (- (Akyol et al., 2015; Carlile & McAdam, 2023),0 (Xiangting et
al., 2023))
Behavioral functioning: start adjuvant chemotherapy early (- (Zhu et al., 2020)),
alcohol (+ (Trudel-Fitzgerald et al., 2018)), smoking (+ (Trudel-Fitzgerald et al.,
2018)), physical activity (- (van Putten et al., 2016)), psychosocial behavioral
responses (- (Jin et al., 2019))
Symptoms/ Pain (+ (Akyol et al., 2015; Bonhof et al., 2019; Gonzalez-Saenz de Tejada et al.,
Problems 2016; Hess et al., 2023; Huang et al., 2023; Renna et al., 2022)), Fatigue (+ (Akyol
et al., 2015; Bonhof et al., 2019; Gonzalez-Saenz de Tejada et al., 2016; Hess et al.,
2023; Huang et al., 2023; Renna et al., 2022), 0(Wang et al., 2024)), Frailty (+
(Akyol et al., 2015; Bonhof et al., 2019; Gonzalez-Saenz de Tejada et al., 2016;
Hess et al., 2023; Huang et al., 2023; Renna et al., 2022)), Insomnia (+ (Hyphantis
et al., 2016; Sun et al., 2020), 0 (Akyol et al., 2015)), Nausea (+ (Akyol et al.,
2015)), Vomiting (+ (Akyol et al., 2015)), Appetite loss (+ (Akyol et al., 2015)),
Dyspnea (0 (Akyol et al., 2015)), Financial difficulty (+ (Akyol et al., 2015)), C-
reactive protein (+ (Renna et al., 2022))

0, Not statistically significant; +, Positive association; -, Negative association

Risk Factors Associated with Anxiety in CRC Survivors

Individual Characteristics

While a few studies found no significant connections between the burden of
comorbid health conditions and anxiety (Tamura, 2021; Trudel-Fitzgerald et al., 2020),
the majority revealed that CRC survivors with more comorbid health conditions typically
have higher levels of anxiety (Boehmer, Ozonoff, et al., 2022; Braamse et al., 2016;
Cheng et al., 2022; Hu et al., 2022; Mols et al., 2018; Trudel-Fitzgerald et al., 2020). A

prospective cohort study in the US involving 1228 health professionals suggested a link
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between poorer cardiometabolic health and clinical anxiety levels in females with CRC
(Trudel-Fitzgerald et al., 2020). However, this link was not observed in male

participants.

Researchers have found that certain lifestyle and behavioral characteristics of
CRC survivors are associated with anxiety levels. For example, alcohol consumption
(Révész et al., 2022) and moderate-to-vigorous physical activity (Vallance et al., 2015)
were linked to lower anxiety levels. However, studies have yielded mixed results on the
connection between smoking and anxiety levels (Gray et al., 2014; Zhou & Sun, 2021). A
cross-sectional study in the UK found that current smokers had higher odds of anxiety
cases than those who never smoked (Gray et al., 2014). Conversely, a longitudinal study
in China discovered that current smoking was an independent factor associated with a
lower risk of anxiety over three years (Zhou & Sun, 2021). Additionally, a cross-
sectional study found that participants who were overweight or obese had lower anxiety
(Boehmer, Ozonoff, et al., 2022). A study in Spain evaluated the anxiety levels and
nutritional status of CRC patients before surgery, revealing that those with high anxiety
levels were more likely to be malnourished compared to others (Soria-Utrilla et al.,

2022).

Social & Contextual Factors

Gray et al. (2014) measured the social difficulties of 496 CRC survivors using the
Social Difficulties Inventory (SDI). Their study explored the relationship between these
social factors and the levels of anxiety. The findings showed that participants with more
social difficulties were more likely to have anxiety. In addition to this study, numerous

others (see Table 2) have demonstrated the influence of various social/contextual factors



55

on anxiety among CRC survivors. For instance, employment status has mixed results:
some studies found lower anxiety in employed survivors (Gray et al., 2014; Zhou & Sun,
2021), others found higher anxiety (Boehmer, Clark, et al., 2022; Boehmer, Ozonoff, et
al., 2022), or no significant association (Gonzalez-Saenz de Tejada et al., 2017; Hess et
al., 2023). Lower anxiety was noted in those with social support (Boehmer, Ozonoff, et
al., 2022; Gonzalez-Saenz de Tejada et al., 2017) and cancer self-disclosure (Tamura,
2021). Higher anxiety was linked to discrimination or loneliness (Boehmer, Clark, et al.,

2022; Boehmer, Ozonoff, et al., 2022).

A qualitative study in Norway involving nine adults recently diagnosed with stage
I-IT rectal cancer offered more contextualized insights into anxiety in CRC survivors
(Salamonsen et al., 2016). The participants reported that grief, anxiety, and depression
triggered by life events before their cancer diagnoses had significantly more disruptive
effects than their cancer itself. These events included the loss of close relatives or loved
ones from illness or serving as long-term caregivers for their ill loved ones for years

(Salamonsen et al., 2016).

Prior Psychological Factors

Studies have found that the psychological factors of CRC survivors before their
diagnosis influence their anxiety levels after diagnosis. In a UK-based cross-sectional
study involving 496 CRC survivors, individuals who reported a history of anxiety or
depression on a patient-reported co-morbidities questionnaire were significantly more
likely to be classified as anxiety cases compared to those who reported no such history

(Gray et al., 2014).
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In Greece, a prospective cohort study involving 852 individuals diagnosed with
rectal cancer yielded interesting findings (Zhang et al., 2016). The researchers used the
14-item Type D Personality Scale (DS14) to classify the participants' personality types.
They discovered that patients identified as having a Type D personality, characterized by
increased negative affectivity and social inhibition, experienced notably higher levels of
anxiety at the time of diagnosis and six months later compared to those with a non-Type

D personality (Zhang et al., 2016).

Psychological Response to Diagnosis and Treatment

Regardless of the cancer type, fear of recurrence is a common psychological
response among survivors. Through interviews with CRC survivors who had completed
treatment, Carlile and McAdam (Carlile & McAdam, 2023) reported that this fear, or the
worry that something was “ not right” (Carlile & McAdam, 2023, p. 100), caused anxiety

among the study participants.

Several longitudinal studies have investigated the correlation between
participants' baseline anxiety before CRC surgery and their anxiety levels at follow-up. In
Spain, Gonzalez-Saenz de Tejada et al. (Gonzalez-Saenz de Tejada et al., 2017) assessed
the anxiety levels of 947 CRC patients before surgery and one year afterward. They
found that participants with higher anxiety levels prior to surgery reported a more
significant decrease in anxiety levels after one year. Orive et al. (Orive et al., 2022)
assessed the anxiety levels of 2531 CRC patients before surgery, and at one, two, three,
and five years post-surgery. Study findings showed that participants with high anxiety

levels before surgery reported high anxiety levels even after five years.
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CRC survivors utilized a variety of coping strategies to handle the burden of
cancer and its treatment. While many strategies helped to mitigate anxiety, some were
associated with increased anxiety over the long term. For instance, meaning-making,
acceptance, and participating in support groups were associated with reduced anxiety
(Lim et al., 2022). However, both active and passive avoidance, as well as denial, were
associated with increased anxiety in the long term (Boehmer, Clark, et al., 2022; Lim et
al., 2022). Interestingly, a cross-sectional study involving 353 heterosexual and 127
sexual minority CRC survivors found that attending a cancer support group or using
active coping strategies was associated with greater anxiety (Boehmer, Ozonoff, et al.,

2022).

Characteristics of Cancer

Research shows mixed results regarding the relationship between the time since
diagnosis or treatment and anxiety. While some studies find no significant variation in
anxiety over time (Holthuijsen et al., 2024; Mols et al., 2018), others report either a
decrease (Braamse et al., 2016; Jakobsson et al., 2016; Jin et al., 2019; Lloyd et al., 2019)
or an increase (Hyphantis et al., 2016; Zhou & Sun, 2021) as time progresses. For
instance, Howren et al. (2022) conducted a retrospective cohort study in Canada and
found that CRC survivors displayed the highest anxiety rate during the continuing phase,
which is between 12 months after CRC diagnosis and 12 months before cancer death. On
the other hand, Lloyd et al. (2019) found the highest rates of anxiety within two years of
a cancer diagnosis in their retrospective cohort study using the Utah population database.
Additionally, a longitudinal study from China reported a consistent increase in anxiety

rates from discharge to three months post-discharge (Zhou & Sun, 2021). In addition, a
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different longitudinal study in China revealed that the anxiety level among rectal cancer
patients decreased 1-2 days before hospital discharge compared to 1-2 days before

surgery (Jin et al., 2019).

In Brazil, Miranda et al. (2014, 2018) published consecutive study findings
examining the association between proinflammatory cytokine levels and anxiety or
depression. Their study findings revealed that higher levels of IL-18, IL-6, IL-8, or TNF-
a were associated with higher levels of anxiety, while lower level of IL-10 was associated
with higher levels of anxiety. Furthermore, Miranda et al. (2017) found that Fractalkine
serum level was also positively associated with anxiety level. Moreover, a prospective
cohort study conducted in the Netherlands found that in confounder-adjusted linear mixed
models, higher concentrations of 3-hydroxyanthranilic acid were associated with lower
anxiety scores (Holthuijsen et al., 2024). However, in sensitivity analyses, this

association did not remain statistically significant after FDR adjustment.

Cancer Treatment

Research has revealed a significant association between CRC survivors who have
undergone radiotherapy, chemotherapy (Boehmer, Ozonoff, et al., 2022; Cheng et al.,
2022; Hu et al., 2022; Orive et al., 2022). or ostomy surgery (Benedict et al., 2016;
Cheng et al., 2022; Song et al., 2020) and increased anxiety levels. However, Mols et al.
(2018) found no significant association between radiotherapy or chemotherapy and
anxiety levels in their prospective cohort study in the Netherlands. Regarding different
types of ostomies, the results also vary. While Song et al. (2020) found no significant
difference in anxiety levels between participants with temporary or permanent ostomies,

Hu et al. (2022) found a higher risk of anxiety in participants with permanent ostomies
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compared to those with temporary ones. Additionally, a prospective cohort study in
Sweden found no difference in anxiety levels among participants who had a rectal
resection, abdominoperineal resection, or colonic resection, although those who
underwent colonic resection reported less anxiety at discharge than before surgery
(Jakobsson et al., 2016). Anxiety due to ostomy-related issues was frequently reported,
particularly in qualitative studies (Carlile & McAdam, 2023; Mohamed et al., 2021;
Saunders et al., 2021). Participants voiced worries about potential or existing ostomy
complications such as leakage, noise, odor, or hernias during interviews. These issues
presented daily challenges, impeding their ability to resume normal activities (Carlile &

McAdam, 2023; Mohamed et al., 2021; Saunders et al., 2021).

Several studies have examined the role of cancer treatment side effects and
complications on anxiety levels. These studies found that participants who reported
complications after CRC surgery experienced greater anxiety than those without
complications (Di Cristofaro et al., 2014; Hu et al., 2022; Orive et al., 2022).
Chemotherapy-Induced Peripheral Neuropathy (CIPN) is one of the most studied CRC
treatment side effects. Participants with more severe CIPN also reported higher anxiety

levels (Bonhof et al., 2019; Kerckhove et al., 2021; Selvy et al., 2020).

Consequences of Anxiety in CRC Survivors

Global Health Status / Quality of Life

In multiple studies, it has been observed that a heightened level of anxiety is
closely associated with poor global health status and reduced quality of life (Akyol et al.,

2015; Cheng et al., 2022; Hess et al., 2023; Mols et al., 2018; Tamura, 2021). However,



60

Gonzalez-Saenz de Tejada et al. (2016) found no significant correlation between these

variables in their longitudinal study in Spain.

Functioning

A cross-sectional study of 175 CRC survivors with ostomies in China discovered
an association between higher anxiety scores and increased supportive care needs, such
as physiology and daily living needs, psychological needs, and health information needs
(Xiangting et al., 2023). Although this study did not find a connection between anxiety
and sexual needs, another cross-sectional study in Turkey and a qualitative study in the
UK identified a link between anxiety and sexual functioning among CRC survivors
(Akyol et al., 2015; Carlile & McAdam, 2023). Furthermore, qualitative studies disclosed
that participants' social or emotional functioning was negatively impacted due to their
ostomy (Carlile & McAdam, 2023; Saunders et al., 2021). During these interviews,
participants mentioned limiting their food or drink intake before social activities due to

worries about handling ostomy-related issues in public spaces.

A retrospective longitudinal study conducted in China found that participants with
elevated anxiety levels were less likely to start adjuvant chemotherapy early (within 4
weeks after operations) (Zhu et al., 2020). In another prospective cohort study in the US
involving healthcare providers diagnosed with CRC, it was discovered that individuals
with anxiety often led unhealthy lifestyles, such as consuming alcohol or smoking
(Trudel-Fitzgerald et al., 2018). Moreover, participants with high anxiety engaged in less
physical activity (van Putten et al., 2016). A longitudinal study in China on 67 rectal

cancer survivors undergoing colostomy surgery found that higher levels of anxiety
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significantly predict lower psychosocial behavioral responses in colostomy patients (Jin

etal., 2019).

Symptoms/ Problems

While Akyol et al. (2015) found no connection between anxiety and insomnia,
other studies have identified a significant association (Hyphantis et al., 2016; Sun et al.,
2020). For instance, Hyphantis et al. (2016) found that CRC patients with increased
anxiety after one year had more difficulty falling asleep, but there was no significant

change in waking up early.

Instruments Used to Assess Anxiety

In the included studies, researchers used a variety of instruments to measure the
participants' anxiety levels. The most frequently used instrument was the Hospital
Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983), a self-reported tool
that allows participants to assess their own anxiety and depression levels. In contrast,
some studies used International Classification of Diseases (ICD) codes (World Health
Organization, 1992), which reflect anxiety disorders officially diagnosed by mental
health specialists. Further information about each instrument is summarized in Table 3.
Cutoff points used to determine the presence or severity of anxiety in the included studies
are summarized in Table 1. In each of the three review manuscripts, we only counted the
usage of individual tools once, regardless of how often they appeared. This method was
used to avoid multiple counts, particularly if the original studies from our research were

also included in those review manuscripts.

Table 3.
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Measure Studie = Interpretation of Scores (in Original  Item
s (n) Versions) s (n)
Hospital Anxiety and Depression Scale 31 0-7: Normal 7
(HADS)-Anxiety (Zigmond & Snaith, 8-10: Borderline abnormal (borderline
1983) case)
11-21: Abnormal (case)
International Classification of Diseases 4 N/A N/A
(ICD) codes 9 or 10 (World Health
Organization, 1992), or Anxiolytics use
Generalized Anxiety Disorder-7 (GAD-7) 3 0-4: Minimal, 5-9: Mild, 10-14: 7
(Spitzer et al., 2006) Moderate, 15-21: Severe
Health-related anxiety in QLQ-CR29 3 1 (not at all)- 4 (very much) 1
(Whistance et al., 2009)
Brief Symptom Inventory-18 (BSI-18) 3 0 (no anxiety)- 24 (high anxiety) 6
Anxiety subscale (Derogatis, 1992)
Crown-Crisp Index (CCI) (Crown & 3 0 (no anxiety)- 16 (high anxiety) 8
Crisp, 1966)
Beck Anxiety Inventory (BAI) (Beck et 2 0-9: None, 10-18: Mild, 19-29: 21
al., 1988) Moderate
30-63: Severe
Spielberger State-Trait Anxiety Inventory 2 20 (absence of anxiety)- 80 (high level state
(STAI) (Spielberger, 1983) or Spielberger of anxiety) (20)
State Anxiety Inventory (SAI) +
trait
(20)
Hamilton Anxiety Rating Scale 1 0-7: No or minimal 14
(Hamilton, 1959) 8-14: Mild anxiety
15-23: Moderate anxiety
24 or greater: Severe
Patient-Reported Outcomes Measurement 1 Raw score 4-20 4
Information System (PROMIS) Anxiety T-score
Four-item Short Form (Cella et al., 2010) <55: Normal, 55-60: Mild, 60-70:
Moderate, >70: Severe
Symptom Distress Checklist (SCL-90-R) 1 0 (not at all)-36 (extreme) 9
(Donias et al., 1991)
Minnesota Multiphasic Personality 1 N/A N/A
Inventory (MMPI) (Pearson et al., 1965)
N/A, not applicable
Discussion

This scoping review illustrates the unique anxiety-related factors that specifically
affect the CRC population, a perspective not commonly found in reviews focusing on the
general cancer population. A recurring theme among included studies is the presence of

anxiety associated with bowel or ostomy dysfunctions, common side effects of CRC
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treatments. Qualitative studies focusing on CRC survivors, particularly those with
ostomies, consistently find that individuals frequently dealing with embarrassing
situations due to ostomy complications exhibit increased anxiety (Carlile & McAdam,
2023; Mohamed et al., 2021; Saunders et al., 2021). These situations commonly stem
from ostomy leakage, odor, or noise in public spaces, contributing to heightened anxiety
about social participation. To cope, these individuals often restrict their food and drink
intake before or during social events, or continually look for restroom facilities when out
(Carlile & McAdam, 2023; Saunders et al., 2021). This hyper-vigilance and resulting
self-imposed dietary limitations contribute to their high anxiety levels. Ultimately, such
anxiety can lead to social withdrawal, creating a vicious cycle that further intensifies
anxiety (Benedict et al., 2018; Saunders et al., 2021). These findings align with studies
conducted on individuals who have undergone ostomy surgery for various reasons,
indicating a broad impact of this condition on mental health (Jayarajah et al., 2016;

Jeppesen et al., 2022; Mitchell et al., 2007).

Our findings show that high levels of proinflammatory cytokines (IL-1, IL-6, IL-
8, TNF-a), low levels of IL-10 (Miranda et al., 2014, 2018), and high fractalkine levels
(defined as levels >3mg/L) (Miranda et al., 2017) are linked to increased anxiety in CRC
patients. These findings support previous studies on neuroimmune interaction in the
context of cancer (Liu et al., 2022; Santos & Pyter, 2018; Scheff & Saloman, 2021).
Stress, tumor biology, and cancer treatments affect neurobiology through inflammation,
influencing anxiety symptoms in cancer patients by linking sympathetic nerve activity
and immune responses to tumor development (Santos & Pyter, 2018; Scheff & Saloman,

2021). Further, anxiety can present as biological symptoms such as pain and fatigue
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(Renna et al., 2022) through these neuroimmune mechanisms, threatening the long-term
health and physical functioning of CRC patients. Understanding these interactions would
provide a more comprehensive view of the relationship between psychological and

biological health in this population.

The HADS is a commonly used self-report questionnaire for measuring anxiety
and depression in oncology and other health settings. This questionnaire was also
predominantly used in our reviewed studies with the CRC population (see Table 3).
However, as shown in Table 1, we observed that different articles used various cut-off
points. While most studies dichotomized the subjects using a score of 8, Zhang et al.
(2016) and Zhu et al. (2020) used a score of 11, and Song et al. (2020) used 9. This
variation in cut-off points could potentially lead to contrasting results when comparing
the anxiety rate between different groups, as opposed to conducting a correlation

analysis.

Anxiety, as determined by ICD codes, and as referenced in several studies (Cheng
et al., 2022; Howren et al., 2022; Lloyd et al., 2019; Peng et al., 2019), could potentially
lead to inconsistencies when comparing with other studies that utilize self-report
questionnaires. The ICD codes are used to indicate that an individual has been clinically
diagnosed with an anxiety disorder by a healthcare professional. This is in contrast to
self-reported surveys where individuals themselves report their symptoms and

experiences, which may or may not align with a clinical diagnosis.

In quantitative studies, excluding those with pre-existing clinical anxiety before a
CRC diagnosis or conducting a longitudinal study that compares anxiety levels at

different times can help determine whether the observed anxiety is directly related to the
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CRC diagnosis or its treatment. Understanding this is crucial. If anxiety is a by-product of
CRC or its treatment, it can inform more targeted prevention interventions for this
population. However, some cross-sectional studies we reviewed did not exclude pre-
existing clinical anxiety cases before the CRC diagnosis (Akyol et al., 2015; Benedict et
al., 2016, 2018; Boehmer, Clark, et al., 2022; Boehmer et al., 2021; Boehmer, Ozonoff, et
al., 2022; Bonhof et al., 2019; Braamse et al., 2016; Gray et al., 2014; Hess et al., 2023;
Kerckhove et al., 2021; Renna et al., 2022; Selvy et al., 2020; Song et al., 2020; Vallance
et al., 2015), making it difficult to pinpoint the root source of the anxiety. This lack of

clarity could potentially skew the results and interpretations.

In line with previous review studies of CRC survivors (Cheng et al., 2022; Peng et
al., 2019), this scoping review presents mixed results about the association between age
and anxiety levels. This could be due to differences in study populations, designs,
measurement tools, and analysis methods. Boehmer, Clark, et al. (2022) and Boehmer,
Ozonoff, et al. (2022) examined anxiety and health-related anxiety levels across different
age groups at diagnosis. In their study of sexual minority CRC survivors (Boehmer,
Clark, et al., 2022), they found higher anxiety levels and a greater likelihood of health-
related anxiety in those diagnosed between 21-49 years, compared to those diagnosed at
65 years and older. However, the 50-64 years age group showed no significant
differences in anxiety level or health-related anxiety compared to the oldest age group. In
a separate study involving both heterosexual and sexual minority CRC survivors,
Boehmer, Ozonoff, et al. (2022) found that younger individuals, specifically those in the
21-49 year age group, were more likely to experience health-related anxiety, as assessed

by the single item QLQ-CR29, compared to those aged 65 years and older. However, the
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association between age and anxiety, as assessed by HADS, was statistically
nonsignificant in this group. This discrepancy could be due to the different aspects of
anxiety each tool measures. On the other hand, Howren et al. (2022) categorized
participants into three groups: young-onset CRC (diagnosed before 50 years old),
average-age-onset CRC (diagnosed at 50 years or older), and cancer-free controls. They
found that participants diagnosed with CRC under the age of 50 had a similar risk of
anxiety to cancer-free controls in the same age group. However, those diagnosed with
CRC after the age of 50 had a higher risk of anxiety than cancer-free individuals in the
same age group. After adjusting for confounding effects such as current age, the
differences in anxiety risk between CRC survivors diagnosed before 50 years and those
diagnosed at or after 50 years were found to be statistically insignificant (Howren et al.,
2022). Unlike these studies (Boehmer, Clark, et al., 2022; Boehmer, Ozonoff, et al., 2022;
Howren et al., 2022), other included studies (Gonzalez-Saenz de Tejada et al., 2017; Hess
et al., 2023; Hu et al., 2022; Mols et al., 2018; Tamura, 2021) utilized participants' current
age at the time of the study to examine its association with anxiety levels. Some of these
studies (Hess et al., 2023; Hu et al., 2022; Tamura, 2021) found no significant link
between age and anxiety levels, while others (Gonzalez-Saenz de Tejada et al., 2017;
Mols et al., 2018) found an association. Hess et al. (2023) only included CRC survivors
who were 60 years or older (median age =68), which might have led to insignificant
differences in anxiety levels across different ages. Hu et al. (2022) and Tamura (2021)
compared anxiety levels between those <65 and > 65, finding no significant differences
in anxiety levels between the two age groups. However, Gonzalez-Saenz de Tejada et al.

(2017) found that older CRC survivors reported a more significant decrease in anxiety
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levels after a year of surgery. Mols et al. (2018) discovered that older participants
reported lower anxiety levels, aligning with findings from studies of the general cancer

population (Weiss Wiesel et al., 2015; Y1 & Syrjala, 2017).

Limitations

While this review is intended to be comprehensive, it does have limitations that
are largely consistent with those of a scoping review design. We used study design,
timelines, mechanistic plausibility, and interpretation to categorize variables as risk
factors or consequences of anxiety. However, the observational nature of most studies,
along with some cross-sectional designs, limits our ability to establish cause-and-effect
relationships between anxiety and other variables definitively. Consequently, some
variables were classified as risk factors in some studies and as consequences of anxiety in
others. In addition, our scoping review identifies and maps factors associated with
anxiety in CRC patients, but it does not provide an in-depth analysis of study quality and
risk of bias, as systematic reviews typically do. Instead, it offers a broad overview of
existing literature, identifying research trends, gaps, and future investigation areas. As an
exploratory study, this scoping review may lack the rigor of systematic reviews due to its
less strict inclusion criteria. However, this approach allows for a more inclusive and
extensive literature examination, capturing a broader range of studies and perspectives.
Furthermore, anxiety is a multidimensional concept that shares common characteristics
with other emotional states like depression. In the context of cancer, anxiety is
particularly linked to the fear of cancer recurrence and the fear of death, making it hard to
distinguish from other emotional conditions. This complexity is a significant limitation of

our study and should be considered when interpreting the results.
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Recommendations for Future Research

It is crucial to identify modifiable factors related to anxiety, as these factors could
be the focus of future research on targeted prevention methods. Furthermore,
understanding the complex relationships between these factors can provide a holistic
view, enabling the implementation of early prevention strategies. While many qualitative
studies have pinpointed psychosocial issues related to ostomy complications in the CRC
population, few quantitative studies have investigated this. Benedict et al. (2018) found a
link between diarrhea and anxiety in survivors of rectal or anal cancer after treatment.
However, it was not distinguished whether these individuals had an ostomy or not. In
people with ostomies, diarrhea does not necessarily lead to ostomy leakage. Therefore,
for future studies, we recommend using ostomy-specific questionnaires in quantitative
research of CRC-related psychosocial outcomes. This will help investigate the correlation
between ostomy complications and psychosocial problems among CRC survivors with

ostomies.

Conclusions

As the survival rates for CRC increase, understanding the potential biological and
psychosocial effects of CRC and its treatments becomes increasingly critical. Our review
significantly contributes to this understanding by identifying various predictors and
outcomes of anxiety in this group. Modifiable factors present targets for interventions
aimed at reducing anxiety and enhancing quality of life. Non-modifiable risk factors help
pinpoint patients at high risk for early psychological support. Moreover, these risk factors

can be further examined to comprehend their interactions.
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CHAPTER 3

Manuscript 2: Ostomy Leakage, Odor, and Peristomal Skin Complications as
Predictors of Anxiety Symptoms in Colorectal Cancer Survivors: A Cross-Sectional
Study
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Abstract

Background: Multiple factors influence anxiety among individuals with ostomies, yet
the specific contributions of ostomy-related issues remain unclear. This study
investigated the relationships between ostomy leakage, odor, peristomal skin
complications (PSC), and anxiety symptoms in colorectal cancer (CRC) survivors with

ostomies.

Methods: In this cross-sectional study, 130 CRC survivors with ostomies (Stage I-11I)
were recruited from online support groups. Eligible participants were adults (>18 years)
with colostomy or ileostomy, living in the community, proficient in English, and without
pre-existing mood or anxiety disorders or significant sensory impairments. A series of
regression analyses with Baron and Kenny's mediation model examined relationships

between variables while controlling for demographic and clinical factors.

Results: A series of regression analyses revealed that ostomy leakage was a significant
predictor of odor intensity (standardized regression coefficient [] = 0.61, p <.001), PSC
(B=0.51, p <.001), and anxiety (B = 0.23, p =.003). In the mediation analysis, when
ostomy odor was introduced into the model, the previous significant direct effect of
leakage on anxiety became non-significant (f = 0.11, p = 0.249), while odor
demonstrated a significant association with anxiety (f =0.19, p = 0.039). In contrast,
PSC showed no significant association with anxiety ( =-0.05, p =0.575). Race and
treatment status maintained significant associations with anxiety across all models,

persisting even after adding ostomy-related issues.



86

Conclusion: Our findings suggest that ostomy odor is a main factor that explains the
relationship between leakage and anxiety among CRC survivors with ostomies. These
results emphasize the need for comprehensive interventions that address odor
management and anxiety reduction while considering the unique challenges of diverse

demographic and clinical subgroups.
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Introduction

Colorectal cancer (CRC) represents a significant public health concern in the
United States, ranking as the third most prevalent cancer diagnosis for both sexes. The
disease's impact on mortality is substantial, ranking third among cancer-related deaths in
men and fourth in women (American Cancer Society, 2024). Anxiety is one of the
predominant psychological challenges among CRC survivors (Peng et al., 2019), with
significant implications for patient outcomes. Research has demonstrated that anxiety is
associated with reduced treatment adherence (Trudel-Fitzgerald et al., 2018; Zhu et al.,
2020), accelerated disease progression (Trudel-Fitzgerald et al., 2020), elevated mortality
rates (Trudel-Fitzgerald et al., 2020), and compromised quality of life (Mols et al., 2018).
Multiple factors contribute to anxiety in CRC survivors, as identified in a recent scoping
review (Shin et al., 2024). These include demographic variables (e.g., age, sex, marital
status, comorbidities, education level, financial status) and clinical factors (e.g., cancer
stage, site, time since diagnosis, treatment status). Of particular significance, evidence
indicates that CRC survivors with ostomies demonstrate heightened anxiety levels
compared to those without ostomies (Benedict et al., 2016; Song et al., 2020). This
increased anxiety appears to be associated with specific ostomy-related challenges,
including leakage, odor, and peristomal skin complications (PSC). The current study
investigates the structural relationships between ostomy leakage, odor, PSC, and anxiety
symptoms in CRC survivors with ostomies.
Ostomy Leakage

Leakage represents a significant concern for individuals with ostomies, affecting a

substantial proportion of patients in both the immediate post-surgical period and
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remaining a persistent challenge for many long-term ostomy patients (Martins et al.,
2022; Ratliff, 2014; Sun et al., 2013). This complication occurs when effluent penetrates
beneath the adhesive barrier that secures the ostomy appliance to the skin, potentially
triggering a cascade of related complications. The immediate consequence of leakage is
often unwanted odor emission, which has been associated with increased social anxiety
and reduced participation in daily activities (Stavropoulou et al., 2021; Sun et al., 2020).
Furthermore, prolonged exposure of peristomal skin to effluent can lead to various
dermatological complications, ranging from mild irritation to severe inflammatory
conditions requiring clinical intervention (Gray et al., 2011, 2013).

Literature has consistently demonstrated associations between ostomy leakage
and psychological outcomes. In a recent study, Simpson et al. (2023) found that
individuals experiencing frequent leakage (weekly or monthly) exhibited significantly
higher rates of psychological distress compared to those reporting rare occurrences. The
impact extends beyond immediate psychological effects, with evidence suggesting
substantial interference with occupational and social functioning (Jeppesen et al., 2022).
Furthermore, the anticipatory anxiety associated with potential leakage necessitates
heightened vigilance in appliance maintenance, activity modification, and dietary
management (Saunders et al., 2021; Stavropoulou et al., 2021). These findings
underscore the complex relationship between ostomy leakage and anxiety in this
population.

Ostomy Odor
Ostomy odor represents a significant and pervasive source of anxiety and

psychological distress among individuals living with ostomies (Dalton & Maute, 2019;
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Saunders et al., 2021; V. Sun et al., 2013; Williams, 2008). Research shows that concerns
about uncontrolled flatulence and odor lead to substantial behavioral changes, including
social withdrawal and deterioration of intimate and professional relationships (Annells,
2006; Saunders et al., 2021). In response to these concerns, many individuals develop
complex, ritualistic behaviors such as compulsively checking their ostomy appliance,
implementing elaborate cleaning routines, excessive use of additional ostomy supplies
like tape or paste to ensure a secure seal, and maintaining hypervigilance about potential
odor emission in social situations (Black & Notter, 2021b). These adaptive behaviors,
though intended to manage odor-related anxiety, can themselves become sources of
additional stress. The psychological impact extends beyond immediate odor management,
affecting occupational performance, social engagement, intimate relationships,
recreational activities, and fundamental aspects of body image and self-concept (Duluklu
& Celik, 2019; Yousef et al., 2024).

Individuals with ostomies manage odor through dietary changes (avoiding odor-
producing foods), charcoal-filtered pouching systems, and commercial deodorizing
products (drops, sprays, tablets), with varying effectiveness across users. Despite these
management options, odor remains a predominant concern, significantly impacting
quality of life and social interactions (Sun et al., 2013). While the medical community has
focused on implementing direct odor-control solutions, less attention has been paid to the
psychological aspects of odor perception, particularly whether individuals develop
heightened sensitivity to odors from previous negative experiences with ostomy leakage.
This increased olfactory awareness could be explained through odor-associative learning,

as research has shown that hedonic responses to odors are primarily learned through



90

emotional associations rather than being innate (Herz, 2005; Herz, Beland, et al., 2004;
Herz, Schankler, et al., 2004). Studies demonstrate that negative emotional experiences
can create more potent and durable associations with odors compared to positive
experiences, and these learned associations can significantly influence future perceptions
of similar olfactory stimuli (Herz, 2005; Herz, Beland, et al., 2004; Herz, Schankler, et
al., 2004). This conditioning process is particularly relevant given that both olfaction and
emotion serve fundamental approach-avoidance functions, sharing direct
neuroanatomical connections through the amygdala that no other sensory system
possesses.
Peristomal Skin Complications

PSC represents a common challenge among individuals with ostomies, with
reported incidence rates ranging from 36.3% to 73.4% (D’ Ambrosio et al., 2023).
Evidence suggests that PSC contributes to psychological distress in this population.
Jayarajah et al. (2016) found that patients experiencing ostomy-related complications,
including PSC, demonstrated elevated anxiety and depression scores compared to those
without complications. The severity of PSC appears to correlate with psychological
impact, as individuals with moderate PSC report greater difficulties with emotional well-
being and coping compared to those with mild or no complications (Osborne et al.,
2022). The psychological burden may be exacerbated by the practical challenges
associated with PSC management, including frequent healthcare visits, physical
discomfort, and visible skin changes.

Current Study
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Despite growing qualitative evidence linking ostomy-related issues to
psychological distress, the field lacks comprehensive quantitative analyses of the
structural relationships between various ostomy-related issues and their psychological
impacts. Moreover, existing quantitative research on ostomy-related issues has largely
relied on heterogeneous study populations, including participants with ostomies resulting
from diverse medical conditions such as CRC, inflammatory bowel disease, and trauma.
This heterogeneity poses significant methodological challenges in distinguishing whether
observed psychosocial outcomes are primarily attributable to ostomy-related issues or are
influenced by condition-specific factors. Consequently, the unique psychological impacts
of ostomy-related issues in CRC remain poorly understood.

The present study aims to examine the relationships between the degree of ostomy
leakage, ostomy odor, PSC, and anxiety symptoms in CRC survivors with ostomies.
Specifically, we investigated (1) how ostomy-related issues affect anxiety levels while
controlling demographic and clinical factors and (2) whether odor intensity and PSC
mediate the relationship between ostomy leakage and anxiety. We hypothesized that (1)
higher levels of ostomy leakage, odor, and PSC will significantly predict increased
anxiety, even after controlling demographic and clinical factors, and (2) both odor and
PSC will mediate the relationship between ostomy leakage and anxiety. Understanding
these relationships and potential mediating pathways could inform more targeted
interventions for reducing anxiety in this population. This study contributes to both
ostomy care and psychosocial oncology by advancing our understanding of the
mechanisms through which ostomy-related complications influence psychological well-

being in CRC survivors with ostomies.
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This cross-sectional study was approved by the University of Virginia
Institutional Review Board (Protocol Number: 6816).
Participants and Procedures

Participants were recruited from online support groups managed by national non-

profit organizations focused on ostomy and colorectal cancer support in the United States.

Inclusion criteria were: (1) age >18 years, (2) diagnosis of Stage I-II1 CRC with

colostomy or ileostomy, (3) community-dwelling status (not hospitalized within previous
2 weeks), (4) English language proficiency sufficient for informed consent and survey
completion, (5) no pre-existing mood or anxiety disorders prior to CRC diagnosis, and
(6) absence of significant sensory impairments. Participants underwent screening against
the inclusion criteria prior to survey access. Those meeting eligibility requirements
provided electronic informed consent. The survey incorporated attention-check questions
and Qualtrics fraud detection tools to ensure data quality. A systematic validation
protocol was implemented to identify and exclude fraudulent responses (see Appendix A
for details). Participants received electronic compensation for valid survey completions.
Measures

Data was collected via a Qualtrics survey panel between August and September
2024. The survey comprised three main components: demographic and clinical
information, ostomy-related issues, and anxiety symptoms.

Demographic and Clinical Data. Participants provided information on age, sex,
gender identity, race, marital status, anthropometric measures, education level, financial

status, cancer-related factors (stage I-1II, tumor location, time since diagnosis and ostomy
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surgery, ostomy permanence status), treatment history (radiotherapy, chemotherapy,
chemoradiotherapy), and comorbidities. These variables were selected based on
previously identified risk factors for anxiety in CRC survivors (Shin et al., 2024).

Ostomy-related Issues. Leakage, odor, and peristomal skin complications were
assessed using single-item measures. Each item (i.e., "Do you experience feces leakage
under the baseplate?", "Do you experience embarrassing smells from your stoma bag?",
and "Do you experience any skin problems around your stoma?") was rated on a 7-point
Likert scale (0 = 'Not at all' to 6 = "Very much'), with higher scores indicating greater
severity.

Anxiety Symptoms. Anxiety symptoms were assessed using the Generalized
Anxiety Disorder-7 (GAD-7) scale (Spitzer et al., 2006). This 7-item self-report
questionnaire is recommended by the American Society of Clinical Oncology for anxiety
screening in cancer patients (Andersen et al., 2014). Items assess anxiety symptom
frequency over the past two weeks on a 4-point Likert scale (0 = 'Not at all' to 3 = 'Nearly
every day'). Total scores range from 0-21, with established clinical cut points of 5, 10,
and 15 representing mild, moderate, and severe anxiety, respectively (Spitzer et al.,
2006). The GAD-7 has demonstrated excellent internal consistency (o = 0.89-0.92) and
test-retest reliability (ICC = 0.83) in validation studies (Lowe et al., 2008; Spitzer et al.,
2006). In our sample, the GAD-7 showed good internal consistency (o = 0.81) with item-
total correlations ranging from 0.62 to 0.76.

Analysis

Data quality was ensured through systematic cleaning procedures. Eight cases
were excluded: five due to incomplete demographic or clinical data, and three identified

as age and BMI outliers to maintain normal distribution assumptions.
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Statistical analyses were performed using Jamovi software version 2.3.26 (The
jamovi project, 2023). To identify potential control variables, associations between
anxiety and demographic and clinical factors were examined using independent t-tests for
dichotomous variables, one-way analysis of variance for categorical variables with more
than two groups, and Pearson correlation coefficients for continuous variables.

A series of multivariable linear regression models was performed to assess
relationships between ostomy-related issues and anxiety while controlling for relevant
demographic and clinical factors (distribution of the data fulfilled statistical
assumptions). Potential mediating effects of ostomy odor and PSC on the relationship
between ostomy leakage and anxiety were evaluated using Baron and Kenny's mediation
approach. This involved conducting a series of regression analyses to establish (1) the
relationship between the predictor (leakage) and potential mediators (odor, PSC), (2) the
relationship between the predictor (leakage) and outcome (anxiety), and (3) the
relationship between potential mediators (odor, PSC) and outcome (anxiety) while

controlling demographic and clinical factors.

Results

As shown in Table 4, the study sample (N = 130) predominantly consisted of male
participants (67.7%) and individuals who were married or cohabiting (68.5%). The mean
age of participants was 44.3 years. The racial composition was primarily White (66.2%).
Participants reported mild to moderate financial difficulties (M = 2.35, SD = 0.08; scale
1-4). Most participants had Stage 2 cancer (60%), with similar proportions of colon
(48.5%) and rectal (46.9%) cancer diagnoses. The majority of participants (76.2%)

received their ostomy surgery within the past year. Temporary and permanent ostomies
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were nearly equally distributed (46.2% and 53.8%, respectively). At the time of the study,

45.4% were not receiving treatment, while others were undergoing radiotherapy (18.5%),
chemotherapy (26.9%), or both modalities (9.2%). The mean number of comorbidities
was 0.49 (SD = 0.06).

Table 4.

Characteristics of Participants (N=130)

Characteristic N %
Female 42 323%
Sex
Male 88 67.7%
Sexual Orientation Heterosexual (straight) 119 91.5%
LGBTQ+ 11 8.5%

Married or living

with a partner 89 68.5%
Marital Status Widowed, divorced, 29 22.3%
or separated
Never been married 12 9.2%
White or Caucasian 86 66.2 %
Race Black or African American 29 22.3%
Other Races 15 11.5%
High school diploma or less 19 14.6%
Education Some college/associate’s degree 55 42.3%
Bachelor's degree 43 33.1%
Graduate/Professional degree 13 10.0%
Employed (working full-time & working part-time) 98 75.4%
Employment Unemployed
(unemployed, homemaker, student, retired) 32 24.6%
Stage 1 31 23.8%
Cancer Stage Stage 2 78 60 %
Stage 3 21 16.2%
Colon 63 48.5%
Cancer Location Rectum 61 46.9 %
Both 6 4.6 %
Temporary 60 46.2 %
Ostomy Status Permanent 70 53.8%
On Radiotherapy 24 18.5%
Current Treatment On Chemotherapy 35 26.9%
On Both (Radio & Chemo) 12 9.2%
No (currently not on any) 59 45.4%
Time since Ostomy Less than 1 year 99 76.2%
1 year or more 31 23.9%
Characteristic Range, Mean (SD)
Age 22-67,44.3 (.94)
BMI 16.8-30.4, 23.6 (.25)
Financial Difficulty 1(no difficulty)- 4(severe difficulty), 2.35 (.08)
Number of comorbidities 0- 3,0.49 (.06)
Main Variables Range, Mean (SD)
Ostomy Leakage 0-6, 2.24 (0.13)

Ostomy Odor 0-6, 2.65 (0.13)
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PSC 0-6,2.32 (0.13)
Anxiety 0-17,7.89 (0.35)

T-test, ANOVA, and Pearson correlation analyses revealed significant associations
between demographic/clinical variables and main variables (see Appendix B for details).
Males reported significantly higher ostomy odor intensity (M = 2.85, SD = 1.51) than
females (M =2.21, SD = 1.3; t (128) = —2.36, p = .02). Additionally, there was a positive
correlation between financial difficulty and odor (r = .25, p =.004). PSC varied
significantly by race (F (2,36.7) = 3.39, p = .044), with white participants reporting
higher PSC (M = 2.53, SD = 1.42) than black participants (M = 1.97, SD = 1.55) and
other races (M = 1.8, SD = 1.08). PSC also positively correlated with financial difficulty
(r=".18, p =.036). In addition, the analysis revealed significant correlations between
anxiety and demographic factors: higher anxiety levels were associated with older age (r
= .18, p =.04) and greater financial difficulties (r = .24, p = .007). Anxiety levels also
varied significantly by race (F (2,36) = 6.07, p = .005). The Games-Howell post-hoc test
revealed that participants of other races reported the highest levels of anxiety (M = 10.87,
SD = 3.5), followed by White (M = 7.6, SD = 4.03) and Black participants (M = 7.21, SD
= 3.47). Additionally, participants with higher education levels experienced greater
anxiety (F (3,43.8) = 10.2, p <.001). Among clinical factors, participants with temporary
ostomies experienced higher anxiety (M =9.15, SD = 4.08) than those with permanent
ostomies (M =6.81, SD =3.58; t (128) = 3.48, p <.001). Treatment status also
significantly influenced anxiety levels (F(3, 40.6) = 20.5, p <.001), with post-hoc results
showing that participants without either chemotherapy or radiotherapy reported the
lowest anxiety level (M = 5.42, SD = 3.29) compared to those who were on radiotherapy

(M =9.38, SD = 3.64), on chemotherapy (M = 10.23, SD = 3.18), and on both (M =
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10.25, SD =2.96). To account for these relationships, these variables were incorporated
as covariates in subsequent analyses to isolate the specific effects of ostomy-related
issues on anxiety.

Pearson correlation analyses revealed significant positive correlations among
ostomy-related factors. Strong correlations were found between ostomy leakage and odor
(r=0.645, p <.001), leakage and PSC (r = 0.535, p <.001), and odor and PSC (r =
0.595, p <.001). When examining anxiety, only ostomy odor showed a weak but
significant correlation (r = 0.189, p = .032). Neither leakage (r =0.127, p = .151) nor PSC
(r=10.09, p = .308) showed statistically significant correlations with anxiety levels.

Table 5 presents the regression analyses examining the effects of ostomy leakage
on odor severity and PSC severity, controlling for relevant demographic and clinical
variables that showed significant differences in the above group analyses. For odor
severity, ostomy leakage is a significant predictor of odor severity (standardized
regression coefficient [] = 0.61, p <.001) with higher leakage predicting higher odor
severity while controlling for sex and financial difficulty. This means that a one standard
deviation increase in leakage corresponds to a 0.61 standard deviation increase in odor
severity. Similarly, ostomy leakage is a significant predictor of PSC severity (B =0.51, p
<.001) with higher leakage predicting higher PSC severity while controlling for race and
financial difficulty. The B coefficient of 0.51 indicates that a one standard deviation
increase in leakage leads to a 0.51 standard deviation increase in PSC severity, showing a

moderately strong positive relationship.
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Regression Analyses Examining Effects of Ostomy Leakage on Odor and Peristomal Skin

Complications (N=130)

Odor PSC
Predictors

B (p) B (p)
Male (versus Female) 0.15(0.295)
Financial difficulty 0.07(0.3) 0.05(0.522)
Black or African American (versus .
White) -0.39* (0.033)
Other Races (versus White) -0.19(0.42)

Ostomy Leakage

0.61 *** (<.001)

0.51%*** (<.001)

Note. * p<.05,** p<.01, *** p<.001

Table 6 presents regression analysis results on the effects of ostomy-related

factors on anxiety levels, while controlling for demographic and clinical variables. In the

model that controlled for race, ostomy status, treatment, age, education, and financial

difficulty, ostomy leakage was a significant predictor of anxiety ( = 0.23, p = 0.003).

When ostomy odor was added to the model, odor significantly predicted anxiety (p =

0.19, p = 0.039), while leakage became non-significant (3 = 0.11, p = 0.249). Adding

PSC to the model neither substantially changed the effects of leakage and odor on

anxiety, nor showed a significant association with anxiety (B = -0.05, p = 0.575).

Table 6.

Regression Analyses for Variables Predicting Anxiety Levels (N=130)

Model including

Model additionally

Model additionally

Predictor of Anxiety leakage including odor including PSC
B P B P B P
White (versus Other Races) -0.8*** <.001 -0.81%** <.001 -0.80*** <.001
Black or African American (versus _0.97%** < 001 -0.98%** < 001 -0.99%** < 001
Other Races)
some college/associate’s degree 0.18 0.405 0.23 0.29 0.26 0.252
(versus High school diploma or less)
B ! i
achelor's degree (versus High school 0.19 0.444 0.24 0.327 0.26 0.29
diploma or less)
Graduate/Professional degree (versus 0.01 0.975 0.09 0.779 0.14 0.682
High school diploma or less)
permanent (versus temporary) -0.2 0.198 -0.15 0.324 -0.16 0.309
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On Radiotherapy (versus No) 0.69** 0.002 0.73** 0.001 0.712** 0.002
On Chemotherapy (versus No) 0.93*** <.001 0.9%** <.001 0.888%** <.001
On Both (versus No) 0.92%** <.001 0.97*** <.001 0.949%** <.001
Age -0.14 0.086 -0.13 0.108 -0.13 0.104
Financial Difficulty -0.14 0.071 -0.15 0.048 -0.15 0.055
Ostomy Leakage 0.23** 0.003 0.11 0.249 0.12 0.214
Ostomy Odor . . 0.19* 0.039 0.21* 0.034
PSC . . . . -0.05 0.575

Note. * p < .05, ** p < .01, *** p < .001

Across all regression models, race and treatment status showed consistent,
statistically significant effects on anxiety levels. These effects remained stable even after
accounting for various ostomy-related issues, indicating that these demographic and
clinical factors independently influence participants' anxiety experiences.

Following Baron and Kenny's approach, mediation analyses suggest that odor
may fully mediate the relationship between ostomy leakage and anxiety (see Figure 2).
Specifically, ostomy leakage showed a significant direct effect on anxiety (Model
including leakage, Table 6). However, when odor was introduced into the model, this
direct effect of leakage on anxiety became non-significant, while odor demonstrated a
significant relationship with anxiety. This suggests that the direct effect of leakage on
anxiety could be attributed to odor. In contrast, while PSC was significantly associated
with leakage, it did not demonstrate a significant mediating effect on the relationship
between leakage and anxiety. Although leakage initially showed a significant relationship
with anxiety, the addition of PSC to the model did not significantly contribute to

explaining anxiety levels.
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Figure 2.

Mediating effect of ostomy odor in the relationship between ostomy leakage and anxiety

Ostomy
Odor
-
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0.61 7 S 0.9
- ™~
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Ostomy e - ' >
i — = *  Anxies
Leakage 7
Ostomy - ——— e Anxiety
Leakage ™. 0.23*(0.12)
e -0.05

Note. () Direct effect after accounting for mediated effect, * p <.05, ** p < .01, *** p<.001
Discussion

This study investigated the relationship between ostomy-related issues and
anxiety in CRC survivors with ostomies. Our findings suggest that ostomy odor may
mediate the relationship between leakage and anxiety, while PSC, despite its association
with leakage, does not serve as a mediator. Additionally, demographic and clinical factors
played significant roles, with race and treatment status showing consistent, statistically
significant effects on anxiety levels that remained stable even after accounting for
ostomy-related issues.

Our analysis of ostomy leakage and anxiety aligns with previous research across
ostomy populations with different underlying conditions (Jeppesen et al., 2022; Simpson
et al., 2023). A key methodological strength was our precise definition of leakage as fecal
matter under the baseplate, addressing inconsistencies in leakage interpretation between
patients and healthcare providers noted in previous research. A large-scale study of

54,614 ostomy patients across 17 countries found that many individuals do not consider
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effluent near the ostomy as leakage (Down et al., 2021), indicating that earlier studies
may have underreported its occurrence.

The identification of odor as a mediating factor between leakage and anxiety
represents a significant advancement in understanding ostomy-related psychosocial
challenges. This structural relationship suggests that leakage's psychological impact
occurs primarily through odor-related concerns. Importantly, our multivariable regression
analyses revealed that odor maintains a significant association with anxiety even after
controlling for leakage (see models including odor in Table 6), highlighting the distinct
psychological impact of odor. Though ostomy management differs physiologically from
incontinence, both conditions share fundamental psychosocial challenges related to odor
management and social stigma. Like findings in incontinence research (Dalton & Maute,
2019), our data suggest that ostomy patients often develop heightened odor sensitivity,
creating a self-reinforcing cycle of anxiety and hypervigilance. This mediating
relationship aligns with established research on odor-associative learning, where negative
experiences with odors create lasting emotional associations that influence future
perceptions (Herz, 2005; Herz, Beland, et al., 2004; Herz, Schankler, et al., 2004). These
associations are reinforced through neural pathways connecting olfaction and emotion,
where past negative experiences trigger anticipatory anxiety and heightened odor
vigilance (Herz, 2005; Herz, Beland, et al., 2004; Herz, Schankler, et al., 2004). In the
context of ostomy care, negative leakage experiences may generate emotional memory
traces that heighten anxiety during subsequent similar odor encounters. This phenomenon
may be particularly salient in public settings, where ostomy appliances remain concealed

beneath clothing while odors present a more challenging aspect of concealment. These
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findings explain common behaviors among people with ostomies, such as frequently
changing their appliance, repeatedly checking it, taking excessive showers, or fasting
before and during social activities (Annells, 2006; Black & Notter, 2021; Mitchell et al.,
2007; Saunders et al., 2021). Rather than viewing these solely as maladaptive coping
mechanisms for leakage concerns, our findings suggest these behaviors may represent
attempts to manage odor-related anxiety. This indicates that interventions should target
not only leakage management but also address both the physical control of odor and the

psychological aspects of odor-related anxiety.

Our analysis revealed that while leakage significantly predicted PSC occurrence,
consistent with literature establishing effluent exposure as a primary risk factor for PSC
development (Doctor & Colibaseanu, 2016; M. Gray et al., 2011, 2013), PSC did not
mediate the relationship between leakage and anxiety as hypothesized. This finding is
inconsistent with previous studies showing associations between PSC and psychological
distress in general ostomy populations (Jayarajah et al., 2016; Osborne et al., 2022). This
divergence from prior findings may be attributed to the unique characteristics of our
study population, CRC survivors, who might process and respond to physical
complications differently due to their extensive experience with cancer-related challenges
and medical interventions. The limited impact of PSC on anxiety may be explained by its
relatively predictable and chronic clinical course when associated with prolonged leakage
exposure. This predictability contrasts with the unpredictable and socially challenging
nature of ostomy odor concerns. Furthermore, the distinction between PSC and odor
becomes particularly relevant when considering their social dimensions. While odor

represents a shared sensory experience that can affect social interactions and public
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spaces, PSC remains a private physical condition that primarily impacts the individual's
personal experience with their ostomy care. This fundamental difference in the social
visibility and impact of these complications may help explain their differing relationships
with anxiety levels.
Clinical Implications

Our findings have important clinical implications for healthcare providers
managing ostomy-related complications and associated anxiety. The mediating role of
odor in the relationship between leakage and anxiety suggests the need for a structured,
sequential intervention approach to identify and mitigate odor. Healthcare providers
should first implement evidence-based leakage prevention and management strategies,
followed by targeted odor control measures. This stepwise approach should be
incorporated into standardized ostomy care protocols. Furthermore, interventions should
address both the physical control of odor and the psychological aspects of odor-related
anxiety. Additional intervention research is needed to explore effective ways to manage
the psychological aspects of odor-related anxiety, as this will provide the foundation for
establishing evidence-based practice guidelines in this understudied area.

Moreover, our findings regarding demographic and clinical risk factors
necessitate tailored interventions. Healthcare providers should implement enhanced
psychological screening and support for individuals from minority racial groups and
those undergoing concurrent cancer treatments, as these populations demonstrated
elevated anxiety levels independent of ostomy management success. Implementation of
such comprehensive, personalized care protocols may optimize both physical and

psychological outcomes across diverse patient populations.
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Limitations

Several limitations should be considered when interpreting our findings. Cross-
sectional design prevents us from establishing definitive causal relationships between
variables or confirming the temporal sequence of our proposed mediation effects.
Although the logical sequence of our variables (e.g., leakage preceding odor, not vice
versa) provides theoretical support for our findings, future longitudinal studies are needed
to confirm these relationships. Our series of regression analysis approaches helped
mitigate some design limitations by adjusting for potential control variables. Our study
relied on self-reported measures, which may introduce reporting biases. However, self-
reported data can capture participants' lived experiences and perceptions, which
themselves play a role in anxiety development (Dalton & Maute, 2019; Merleau-Ponty,
2011). Recruitment through online support groups allowed us to access established
national networks representing a diverse cross-section of the ostomy population.
However, this approach has potentially limited participation from individuals with limited
internet access or technological proficiency. The study's demographic composition
presents another limitation, with restricted representation from racial groups other than
white and black participants- only 11.5% of participants identified as other races. While
we used statistical analysis techniques to adjust for the effects of race on anxiety, the
small sample size for other racial groups may limit the generalizability of our findings
across all racial and ethnic populations. Additionally, we did not control for some
biological factors, particularly inflammation markers, which previous research suggests

may influence anxiety in this population (Miranda et al., 2018; Oliveira Miranda et al.,
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2014). Other unmeasured variables beyond the scope of our investigation may also affect
anxiety levels (Shin et al., 2024).
Future Research Recommendations

Future research should employ longitudinal study designs to establish temporal
relationships and validate the proposed mediation effects identified in our cross-sectional
analysis. Given our finding that race and treatment status serve as fundamental
determinants of anxiety independent of ostomy-related issues, future research should
prioritize investigating the mechanisms through which these demographic and clinical
factors influence anxiety, particularly focusing on understudied ethnic minority groups
and patients undergoing active cancer treatment. Additionally, prospective studies should
investigate the broader psychosocial impact of ostomy-related issues, with particular
emphasis on social functioning and body image perception. These aspects have been
consistently highlighted as significant concerns in qualitative research within the ostomy
population but require more rigorous quantitative investigation. Furthermore, intervention
studies testing targeted approaches to odor management and their subsequent effects on
anxiety levels would provide valuable insights for clinical practice.

Conclusion

Our findings indicate a potential mediating effect of ostomy odor in the
relationship between ostomy leakage and anxiety levels among CRC survivors with
ostomies. Further, both race and treatment status emerged as fundamental determinants of
anxiety, maintaining their significant influence independently of ostomy-related issues.
These results emphasize the need for comprehensive interventions that address both

practical odor management and underlying psychological aspects of odor-related anxiety
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in CRC survivors with ostomies while considering the unique challenges of diverse

demographic and clinical subgroups.
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CHAPTER 4

Manuscript 3: Associations Among Ostomy Odor, Body Image Disturbance, Anxiety,
and Emotional Well-being in Colorectal Cancer Survivors with Ostomies
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Abstract

Background: Ostomy odor and body image disturbance are significant concerns among
colorectal cancer (CRC) survivors with ostomies. Despite growing research on the cross-
modal interplay between olfactory stimuli and visual perception, the relationship between

ostomy odor and body image in this population remains understudied.

Purpose: This study examined the relationships among ostomy odor, body image
disturbance (BID), anxiety symptoms, and emotional well-being (EWB) in CRC

survivors with ostomies.

Methods: A cross-sectional study was conducted among 130 community-dwelling
colorectal cancer survivors (Stages I-1II) with ostomies, recruited through national online
support groups. Individuals with pre-existing mood or anxiety disorders or major sensory
deficits were excluded. The survey included an ostomy odor scale (single-item, 7-point
Likert scale), Body Image Scale (Hopwood et al., 2001a), GAD-7 (Spitzer et al., 2006),
and FACT-G EWB subscale (D. F. Cella et al., 1993), along with demographic and
clinical data. We used a series of regression analyses with Baron and Kenny's mediation
model to examine relationships among variables while controlling for demographic and

clinical factors.

Results: Regression analyses revealed that ostomy odor significantly predicted BID ( =
0.15, p=.037), anxiety (p = 0.25, p <.001), and EWB ( =-0.32, p <.001). When BID
was added to the models, both ostomy odor (B =-0.27, p =.002) and BID (f =-0.18, p
=.043) emerged as significant predictors of EWB, while for anxiety, ostomy odor

remained significant (B = 0.23, p =.002) but BID was not (p = 0.15, p = .088). Mediation
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analysis indicated that BID partially mediated the relationship between ostomy odor and
EWB.

Conclusion: This study's findings demonstrate that BID partially mediates the
relationship between ostomy odor and emotional outcomes in CRC survivors with

ostomies, suggesting a cross-modal interaction between these factors.
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Introduction

Colorectal cancer (CRC) is currently the third most prevalent malignancy in the
United States (American Cancer Society, 2024). For many patients, ostomy surgery
remains a primary treatment modality. Remarkably, the incidence of young-onset CRC,
diagnosed before age 55, has shown a consistent increase over the past two decades
(American Cancer Society, 2024). This trend suggests that a growing population of CRC
survivors will face long-term management of their disease and treatment effects. Living
with an ostomy requires significant lifestyle modifications (Lim et al., 2021;
Stavropoulou et al., 2021; V. Sun et al., 2013), encompassing not only physical
adaptations but also the development of comprehensive coping strategies. These
strategies are essential for psychological health, particularly maintaining emotional well-
being and managing anxiety symptoms. Emotional well-being (EWB), which
encompasses various aspects of psychological functioning, including anxiety, can be
significantly compromised by ostomy-related challenges. Among these challenges,
ostomy odor and body image disturbance (BID) emerge as particularly significant
concerns that can trigger anxiety symptoms and diminish overall EWB in CRC survivors
(Han et al., 2020b; Shin et al., 2024; V. Sun et al., 2013; Williams, 2008).
Ostomy Odor

Living with an ostomy presents profound psychosocial challenges, with ostomy
odor emerging as a particularly complex and emotionally charged aspect of daily life
(Sun et al., 2013; Williams, 2008). Throughout history, social norms have strictly
regulated and stigmatized unpleasant odors, reflecting deeply ingrained cultural attitudes

about cleanliness and social acceptability that persist across diverse societies and time
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periods (Corbin, 1986). The psychological burden of managing ostomy odor can be

devastating, manifesting in multiple dimensions of distress. Many individuals experience
intense anxiety, heightened self-consciousness, and overwhelming embarrassment related
to odor, especially in public spaces where odor management becomes more challenging
and socially consequential (Annells, 2006; Saunders et al., 2021). This constant vigilance
and fear of odor detection frequently lead to significant behavioral modifications,
including social withdrawal and self-imposed isolation (Lim et al., 2021). These
adaptations profoundly impact various life domains, from professional environments
where individuals may decline career advancement opportunities to personal
relationships where they might avoid intimate connections, all stemming from deep-
seated fears about uncontrollable ostomy functions. The emotional impact extends
beyond immediate social situations, becoming deeply rooted in societal attitudes and
personal identity formation. Individuals with ostomies frequently internalize adverse
societal reactions, viewing themselves as sources of disgust and social disruption
(Annells, 2006; Yuan et al., 2018). This self-perception catalyzes a cascade of
psychological responses, resulting in powerful feelings of shame and stigma that can lead
to long-term social exclusion, severe loss of confidence, and fundamental alterations in
self-concept (Annells, 2006; Yuan et al., 2018).
Body Image Disturbance

A recent meta-analysis revealed body image distress as the predominant concern
among CRC survivors, affecting 78.5% of individuals and ranking as the third most
severe symptom with a score of 36.4 out of 100 (Han et al., 2020). This concern was

particularly pronounced among those with past or current ostomies. The
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conceptualization of BID in oncology has evolved to incorporate both visual and
functional bodily changes, providing a more comprehensive framework (Fingeret,
Nipomnick, et al., 2013; Rhoten, 2018; Rhoten et al., 2013; Rhoten, 2016). Research has
established that alterations in physical appearance and bodily functions significantly
impact body image perception, as demonstrated in studies of head and neck cancer
survivors experiencing eating and speech difficulties (Fingeret, Hutcheson, et al., 2013;
Rhoten, 2016). While these aspects have expanded our understanding of body image as a
multifaceted construct, when considering the spectrum of sensory input categories, these
two aspects demonstrate profound interconnectivity rather than existing as separate
entities, as functional changes to the body frequently manifest visible components. This
interconnected nature of bodily perception extends beyond just visual and functional
aspects to include other sensory modalities, particularly olfactory experiences in
individuals with ostomies (Annells, 2006; Yousef et al., 2024). This expansion of body
image construct is crucial for understanding BID in CRC survivors with ostomies, as it
acknowledges multisensory experiences beyond visual aspects that contribute to body
image perception.

The relationship between olfactory stimuli and psychological responses,
particularly in the context of body image, is supported by extensive research in cross-
modal correspondences and aromachology (Davies-Owen et al., 2024; Herz, 2009; Herz,
Beland, et al., 2004; Spence, 2021). Studies have demonstrated that odors significantly
influence cognitive processing, emotional states, and behavioral responses through cross
modal correspondences- natural connections between different types of sensations that

are shared across individuals (Herz, 2009; Spence, 2021). Recent experimental work has
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shown that scents can directly affect body image perception, with certain fragrances (like
lemon) making individuals feel lighter while others (like vanilla) create sensations of
heaviness (Brianza et al., 2019). This finding aligns with broader research showing that
pleasant fragrances positively influence evaluations of attractiveness and confidence in
pictures of others and self, while unpleasant odors have the opposite effect (Chen &
Spence, 2022; Davies-Owen et al., 2024; Spence, 2021). A recent randomized controlled
trial by Yousef et al. (2024) provides evidence for the impact of pleasant odors on body
image and psychosocial outcomes in individuals with ostomies. The study found that
lavender oil intervention significantly improved body image connected to sexuality and
social involvement. Studies have also revealed that individuals often pay more attention
to unpleasant odors than pleasant ones, with negative olfactory experiences having a
more pronounced impact on social interactions and self-perception (Cook et al., 2018;
Dematte et al., 2007; Li et al., 2007; Waskul & Vannini, 2008). The psychological impact
of odor extends beyond immediate reactions, influencing both short-term emotional states
and longer-term aspects of self-image and psychosocial well-being (Herz, 2009; Waskul
& Vannini, 2008). This mind-body connection aligns with Merleau-Ponty's (2011)
phenomenological framework, which emphasizes the embodied nature of perception and
the inseparable connection between bodily experiences and psychological responses.
Current Study

Guided by Maurice Merleau-Ponty's (2011) view of the body as both object and
subject, this study conceptualizes olfactory bodily changes as one component of overall
sensory experience. Despite significant advances in olfaction research across

neuroscience, psychology, and biotechnology, the application of these insights to medical
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contexts, especially in cancer survivors, remains underdeveloped. Current literature
predominantly examines the positive effects of pleasant fragrances on body image,
leaving a significant knowledge gap regarding the psychosocial impact of disease- or
treatment-related odors, such as those associated with ostomies. Moreover, existing
ostomy research tends to examine visible bodily changes as the sole cause of BID,
overlooking the cross-modal interaction between different senses, particularly between
olfactory and visual perception. Furthermore, most studies have included participants
with ostomies from various medical conditions, creating a heterogeneous sample that
makes it difficult to separate ostomy-specific effects from those of underlying diseases.
For example, emotional well-being may vary considerably between individuals with
ostomies from inflammatory bowel disease versus CRC. This limitation has left gaps in
our understanding of how ostomy-specific factors influence psychological outcomes.

The present study aims to examine the structural relationships between ostomy
odor, BID, anxiety symptoms, and emotional well-being in CRC survivors with ostomies.
We hypothesize that (1) higher levels of ostomy odor will be associated with increased
BID, independent of demographic and clinical factors, (2) higher levels of ostomy odor
will be associated with elevated anxiety and decreased emotional well-being, independent
of demographic and clinical factors, and (3) increased BID will be associated with
increased anxiety and decreased emotional well-being EWB while controlling for ostomy
odor and other factors, with BID partially mediating the relationship between ostomy
odor and anxiety/emotional well-being. Understanding these relationships may guide the

development of targeted psychosocial interventions for this population.
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Methods

This study was approved by the University of Virginia Institutional Review Board
(Protocol Number: 6816).
Study Design and Participants

Our cross-sectional study focused on CRC survivors with ostomies (Stages I-11I),
recruited through online support networks affiliated with national organizations dedicated
to ostomy and CRC support. Study eligibility criteria included: age 18 or older,
colostomy or ileostomy due to Stage I-1I1 CRC, community-dwelling in the USA (not
hospitalized in the past two weeks), proficient in English for survey completion, no pre-
CRC diagnosis history of mood or anxiety disorders, and no significant sensory
impairments. To maintain data quality, we employed a validation strategy to detect
potentially fraudulent responses, incorporating dynamic attention-check questions and
consistency verifications. Participants who completed the survey successfully and met
our validation standards were provided with electronic gift cards as incentives.
Measures

We conducted an online survey using Qualtrics to gather data from participants
during August and September 2024. The survey included questions about ostomy odor,
body image, anxiety, and emotional well-being, as well as demographic and clinical
information.

Demographic and Clinical Data. The survey collected a wide range of
information from participants, including but not limited to age, sex, race, cancer stage,

tumor location, time elapsed since diagnosis and ostomy surgery, ostomy status such as



124

temporary or permanent, types of adjuvant treatments received, and presence of
comorbidities.

Ostomy odor. We assessed the severity of ostomy odor using a single item.
Participants answered the question, "Do you experience embarrassing smells from your
stoma bag?" This item employed a 7-point Likert scale (0 = 'Not at all' to 6 = "Very
much'), with higher scores indicating more severe issues.

Body Image Disturbance. Body image disturbance was assessed using the Body
Image Scale (BIS) (Hopwood et al., 2001). The BIS is a 10-item self-report measure
evaluating three dimensions of cancer-related body image: affective (e.g., feelings about
femininity/masculinity, attractiveness), behavior (e.g., difficulty looking at oneself naked,
avoiding social interactions due to appearance), and cognitive (e.g., satisfaction with
appearance or scars). Participants rate each item on a four-point Likert scale (0 = 'Not at
all' to 3 = "Very much'), with total scores ranging from 0 to 30. Higher scores indicate
greater body image disturbance. The BIS has been validated for use in various medical
contexts, including colorectal disease (Bullen et al., 2012; Sharpe et al., 2011; Whistance
et al., 2010). It demonstrates high internal consistency (Cronbach's a = 0.93) and good
clinical validity and sensitivity to change. For this study, we modified the 10th item,
replacing 'your scar' with 'your stoma' to better reflect the experiences of ostomy patients.
In our study, the scale showed good internal consistency (Cronbach's alpha = 0.88).

Anxiety Symptoms. We evaluated anxiety using the Generalized Anxiety
Disorder-7 (GAD-7) scale, a validated instrument comprising seven items (Spitzer et al.,
2006). The GAD-7 employs a four-point Likert scale (0-3), with total scores ranging from

0 to 21. Higher scores indicate greater anxiety severity, with 5, 10, and 15 representing
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mild, moderate, and severe symptoms, respectively. The American Society of Clinical
Oncology recommends the GAD-7 for anxiety screening in cancer patients. In our study,
the scale demonstrated good internal consistency (Cronbach's alpha = 0.81).

Emotional Well-being. The emotional well-being subscale of the Functional
Assessment of Cancer Therapy-General (FACT-G) measures emotional well-being using
a 5-point Likert scale (0 = 'Not at all' to 4 = "Very much') (D. F. Cella et al., 1993). The
subscale consists of 6 items assessing anxiety, sadness, coping with illness, fear of death,
worry about condition worsening, and hope. Total scores range from 0 to 24, with higher
scores indicating better emotional well-being. The FACT-G has demonstrated strong
psychometric properties and validation across various cancer populations. We selected
this measure because it evaluates emotional functioning within a comprehensive quality-
of- life framework while remaining sensitive to clinical changes. For our sample, the
emotional well-being subscale showed a Cronbach's alpha of 0.654.

Analysis

To enhance data quality, we implemented data cleaning procedures. This involved
excluding cases with missing key demographic and clinical information (n=5) and
removing outliers in age and BMI (n=3) to improve distribution normality.

We conducted statistical analysis using Jamovi 2.3.26 software (The jamovi
project, 2023). We used t-tests, ANOVA, and Pearson correlations to explore
relationships between cancer- and demographic-related factors and dependent variables.
This process helped identify potential covariates for subsequent analyses.

To examine the associations between ostomy odor, BID, and emotional well-

being, we performed a series of multivariable regression analyses (distribution of the data



126

fulfilled statistical assumptions). This method allowed us to control for relevant
demographic and clinical factors identified in our initial analyses. Additionally, we
investigated the potential mediating effects of BID on the relationship between ostomy

odor and emotional well-being, using Baron and Kenny's three-step mediation model.

Results

The demographic and clinical profiles of the study participants (N = 130) are
detailed in Table 7. The study sample comprised 130 CRC survivors with ostomies,
predominantly male (67.7%) and heterosexual (91.5%), with a mean age of 44.3 years.
Most participants were white (66.2%), employed (75.4%), and married or cohabiting
(68.5%). Clinically, Stage 2 cancer was most common (60%), with cancer locations
almost equally divided between the colon and rectum. Most participants (76.2%) had
received their ostomy surgery within the past year. Over half had permanent ostomies
(53.8%), and 45.4% were not undergoing treatment at the time of the study.

Table 7.
Characteristics of Participants (N=130)

Characteristic N %
Female 42 32.3%
Sex
Male 88 67.7%
Sexual Orientation Heterosexual (straight) 119 91.5%
LGBTQ+ 11 8.5%
Married or living with a partner 89 68.5%
Marital Status Widowed, divorced, or separated 29 22.3%
Never been married 12 9.2%
White or Caucasian 86 66.2 %
Race Black or African American 29 22.3%
Other Races 15 11.5%
High school diploma or less 19 14.6%
Education Some college/associate’s degree 55 42.3%
Bachelor's degree 43 33.1%
Graduate/Professional degree 13 10.0%
Employed (working full-time & working part-time) 98 75.4 %
Employment Unemployed
(unemployed, homemaker, student, retired) 32 246%
Stage 1 31 23.8%

Cancer St
ancer >tage Stage 2 78 60 %
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Stage 3 21 16.2 %
Colon 63 48.5 %
Cancer Location Rectum 61 46.9 %
Both 6 4.6 %
Temporary 60 46.2 %
Ostomy Status Permanent 70 53.8%
On Radiotherapy 24 18.5%
Current Treatment On Chemotherapy 35 26.9%
On Both (Radio & Chemo) 12 9.2%
No (currently not on any) 59 45.4%
Time since Ostomy Less than 1 year 99 76.2%
1 year or more 31 23.9%
Characteristic Range, Mean (SD)
Age 22- 67, 44.3 (.94)
BMI 16.8-30.4, 23.6 (.25)
Financial Difficulty 1(no difficulty)- 4(severe difficulty), 2.35 (.08)
Number of 0- 3, 0.49 (.06)
comorbidities
Main Variables Range, Mean (SD)
Ostomy Odor 0-6, 2.65 (0.13)
Body Image 4-29, 18.26 (0.51)
Anxiety 0-17, 7.89 (0.35)
Emotional Well-being 2-22,13.07 (0.33)

Group difference analyses (T and F tests) and Pearson correlation analyses
revealed statistically significant associations between demographic/clinical variables and
main variables (see Appendix C for details). Anxiety showed significant correlations with
demographic factors: age (r = 0.18, p = 0.04), education (r = —0.22, p = 0.012), and
financial difficulty (r = 0.24, p = 0.007). Race significantly impacted anxiety levels (F
(2,36) =6.07, p =0.005), with Games-Howell post-hoc tests showing other races
reporting highest anxiety (M = 10.87, SD = 3.5) compared to White (M = 7.6, SD =4.03)
and Black participants (M = 7.21, SD = 3.47). Temporary ostomy holders showed greater
anxiety than those with permanent ostomies (M = 9.15 vs. 6.81, p <.001). Those
receiving active treatment reported significantly higher anxiety than untreated
participants (M = 5.42, SD =3.29; F (3, 20.6) = 20.5, p <.001). Emotional well-being
correlated significantly with age (r=0.2, p=0.025) and number of comorbidities (r=-0.22,

p=0.024). Regarding BID, males reported significantly higher scores (M=19.8, SD=5.69)
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than females (M=15, SD=5.69; t (128) =-4.73, p<.001). BID varied significantly by

marital status (F (2,32.1) =6.01, p=.006), with Games-Howell post-hoc tests showing
widowed, divorced, or separated participants reporting higher BID (M=20.6, SD=6.18)
than never-married participants (M=1.97, SD=1.55). White participants reported a
significantly higher BID (M=19, SD=5.62) than participants of other races excluding
Black participants (M=14, SD=4.99; F (2,34.7) =6.17, p=0.005). Employed participants
reported significantly higher BID (M=19.2, SD=5.81) than unemployed participants
(M=15.5, SD=5.23). Those with permanent ostomies reported significantly higher BID
(M=20.3, SD=6.09) than those with temporary ostomies (M=15.9, SD=4.66). Treatment
status had a significant effect on BID (F (3,41.1) =9.87, p<.001). Post-hoc tests revealed
that participants not receiving any treatment reported BID (M=21.2, SD=6.51) higher
than those on radiotherapy (M=15.8, SD=3.39), chemotherapy (M=16.4, SD=3.62), or
combined radiotherapy and chemotherapy (M=14.4, SD=5.55). BID also correlated
significantly with age (r=.18, p=0.038), financial difficulty (r=.21, p=.017), and number
of comorbidities (r=-.25, p=.004). These variables were included as covariates in
subsequent analyses to isolate the specific effects of independent variables on BID and
emotional well-being.

Pearson correlation analysis with main variables showed significant relationships
among the variables. Ostomy odor had a significant positive correlation with BID (r =
0.231, p =.008) and anxiety (r = 0.189, p = 0.032), and a significant negative correlation
with emotional well-being (r = —0.321, p <.001). Body image disturbance showed a

significant negative correlation with anxiety (r =—0.219, p = 0.012) but no significant
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correlation with emotional well-being (r = —0.164, p =.063). Additionally, anxiety
showed a strong negative correlation with emotional well-being (r =—-0.639, p <.001).

Table 8 demonstrates the relationship between ostomy odor and BID after
controlling demographic and clinical factors. The results show that ostomy odor
significantly predicts BID (standardized regression coefficient [B] = 0.15, p =.037).
Greater odor severity is associated with increased BID, even when controlling for sex,
employment status, education level, and number of comorbidities. Precisely, a one
standard deviation increase in odor severity corresponds to a 0.15 standard deviation
increase in BID.

Table 8.

Regression Analyses Examining Effects of Ostomy Odor on Body Image Disturbance
(N=130)

Predictors of Body Image Disturbance b S.E. t p B
Male (versus Female) 192 092 2.09 0.039 0.33*
Sl\g;;r::flezt)' living with a partner (versus widowed, divorced, or 153 096 -159 04115 -0.26
Never married (versus widowed, divorced, or separated) -193 173 -1.12 0.265 -0.33
White (versus Other Races) 158 134 118 0.239 0.27
Black or African American (versus Other Races) 196 1.52 129 0.201 0.33
Zchrl’r;(Sesjollege/associate’s degree (versus High school diploma 141 124 -114 0258 0.4
Bachelor's degree (versus High school diploma or less) -5.18 1.29 -3.73 <.001 -0.88***
|(:‘;rsa;;iuate/ProfesmonaI degree (versus High school diploma or 433 188 231 0023 0.74*
Unemployed (versus Employed) -1.77 1.01 -1.75 0.084 -0.30
Permanent Ostomy (versus Temporary) 218 0.87 2.50 0.014 0.37*
On Radiotherapy (versus No) -0.35 139 -0.25 0.801 -0.06
On Chemotherapy (versus No) -0.98 1.26 -0.78 0.439 -0.17
On Both (versus No) -2.18 1.49 -1.47 0.145 -0.37
Age 0.00 0.05 0.01 0.988 0.00
Financial Difficulty 0.06 049 0.12 0.906 0.01
Number of comorbidities -1.78 0.66 -2.68 0.008 -0.2%*
Ostomy Odor 0.60 0.28 2.11 0.037 0.15*

Note. * p<.05, ** p< .01, *** p <.001
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Table 9 presents regression analyses examining predictors of anxiety across two
models. The first model shows that ostomy odor significantly predicted anxiety (f = 0.25,
p <.001), with each standard deviation increase in ostomy odor severity corresponding to
a 0.25 standard deviation increase in anxiety. In the second model, which included body
image, ostomy odor remained a significant predictor (B = 0.23, p =.002), while body
image was not statistically significant (B =0.15, p =.088). Race and treatment status
(radiotherapy, chemotherapy, or both) remained significant predictors across both models.

Table 9.

Regression Analyses for Variables Predicting Anxiety (N=130)

Model including Ostomy Odor Model additionally including Body Image

Predictor of Anxiety
b S.E. t p B b S.E. t p B

White (versus Other

-3.05 0.87 -3.48 <.001 -0.77*** -3.37 0.89 -3.80 <.001 -0.86*%**
Races)

Black or African
American (versus -3.72  1.00 -3.69 <.001 -0.93*** -3.99 1.01 -395 <.001 -1.0%**
Other Races)

Some
college/associate’s
degree (versus High 1.12 086 1.30 0.195 0.28 132 086 1.54 0.127 0.33
school diploma or
less)

Bachelor's degree
(versus High school 0.99 0.96 1.03 0.307 0.25 1.57 1.01 1.55 0.124 0.40
diploma or less)

Graduate/Professional
degree (versus High

4 057 127 045 0650  0.14 110 129 085 0399  0.28
school diploma or
less)
permanent (versus 047 059 -079 0433 012 | -073 061 -1.21 0230  -0.18
temporary)

On Radiotherapy

308 0.86 3.56 <.001 0.77*** 333 087 3.83 <.001 0.84%**
(versus No)

On Chemotherapy

3.67 0.83 4.44 <.001 0.92%** 3.86 0.83 4.66 <.001 0.97%**
(versus No)

On Both (versus No) 400 1.00 398 <.001 @ 1.00*** 439 1.02 430 <.001 @ 1.10%**
Age -0.04 0.03 -1.43 0.155 -0.11 -0.04 0.03 -1.44 0.152 -0.11
Financial Difficulty -0.61 0.33 -1.85 0.066 -0.14 -0.62 033 -1.88 0.062 -0.14
Ostomy Odor 0.69 0.19 3.57 <.001 0.25%** 0.62 0.19 3.23 0.002 0.23**

Body Image . . . . . 0.10 0.06 1.72 0.088 0.15
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Table 10 presents stepwise regression analyses examining predictors of EWB

across two models. The first model shows that ostomy odor significantly predicted EWB

(B=-0.32, p <.001), indicating that for one standard deviation increase in ostomy odor

severity, EWB decreased by 0.32 standard deviations. In the second model, when BID

was added, both ostomy odor (B =-0.27, p =.002) and BID ( =-0.18, p = .043) emerged

as significant predictors. Age remained a consistent positive predictor across both models

(B=10.19, p=.030 and f =0.21, p = .016, respectively), while the number of
comorbidities showed no significant effect in either model.

Table 10.
Regression Analyses for Variables Predicting Emotional Well-being (N=130)

Predictors of Model including Odor Model additionally including BID
Emotional well-being b S.E. t p B b S.E. t p B
Age 0.06 0.03 2.2 0.030 0.19* 0.07 0.03 2.43 0.016 0.21*
Number of comorbidities | -0.60 0.47 -1.26 0.210 -0.11 -0.86 0.49 -1.77 0.079 -0.16
Ostomy Odor -0.80 0.21 -3.8 <.001 -0.32*** | -0.68 0.22 -3.15 0.002 -0.27**
Body Image Disturbance . -0.11 0.06 -2.04 0.043 -0.18*

Note. * p<.05, **p< .01, ***p < :001
As illustrated in Figure 3, mediation analyses using Baron and Kenny's approach
showed that BID partially mediated the relationship between ostomy odor and emotional
well-being but not anxiety. For anxiety outcomes, ostomy odor had a significant direct
effect, while BID was not a significant predictor. In contrast, both ostomy odor and BID
showed statistically significant effects on EWB when analyzed together. Ostomy odor
demonstrated significant direct effects on BID, establishing the conditions for partial

mediation in the relationship between ostomy odor and EWB.
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Figure 3.

Mediating effect of body image disturbance in the relationship between ostomy odor and
emotional well-being
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Note. () Direct effect after accounting for mediated effect, * p <.05, ** p < .01, *** p<.001

Discussion

This study investigated the structural relationships between ostomy odor, BID,
anxiety symptoms, and EWB in CRC survivors living with ostomies. Our analysis
revealed several key findings. First, BID partially mediates the relationship between
ostomy odor and EWB, independent of demographic and clinical factors. While ostomy
odor has a direct effect on EWB, it also exerts an indirect influence through its impact on
BID. Second, although ostomy odor showed significant associations with both anxiety
symptoms and BID, we found no significant relationship between BID and anxiety
symptoms. This finding partially supports our initial hypothesis. The identification of a
significant association between ostomy odor and BID advances our understanding of
odor-related psychosocial challenges, building upon existing theoretical frameworks of
olfactory-visual interactions. This finding provides empirical evidence that BID in
individuals with ostomies extends beyond visual alterations alone, contributing to the
broader literature on BID in oncological populations, particularly those experiencing

odor-related issues due to treatment or disease.
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Our findings revealed that higher levels of ostomy odor were associated with
greater BID, even after controlling demographic and clinical factors. This finding aligns
with established research on olfactory-visual interactions in both laboratory and clinical
contexts. Chen and Spence (2022) demonstrated that unpleasant odors significantly
reduced facial attractiveness ratings, with more pronounced effects occurring when odors
were perceived as more intense and less pleasant. Their research highlighted that
subjective perception of odor intensity was more strongly associated with outcomes than
objective odor intensity. When exposed to identical odor stimuli, participants showed
varying degrees of attractiveness reduction based on their subjective assessment of the
odor's unpleasantness and intensity. This suggests that an individual's perception of
ostomy odor may exert greater influence on body image than objective odor
measurements. These findings provide a theoretical framework for understanding why
ostomy odor could profoundly impact subjective body image perceptions, as olfactory
influences on visual perception appear particularly significant for subjective, hedonic
evaluations.

The neural mechanisms underlying these relationships were illuminated by Cook
et al.'s (2015) event-related potential study, which revealed complex temporal dynamics
in odor-visual integration. Their findings showed that odors can persistently influence
visual self-perception even with time delays between stimuli, with pleasant and
unpleasant odors activating different hemispheres during late processing stages. Cook et
al.'s (2018) study further expanded on these temporal dynamics, demonstrating that
unpleasant odors had stronger priming effects on facial evaluations when presented

simultaneously compared to when delayed. Using an electroencephalogram (EEG), they
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found enhanced activation in the late-positive-potential time range during simultaneous
unpleasant odor-face presentation, suggesting an adaptive mechanism for prompt
behavioral responses to potentially aversive stimuli. These neural findings collectively
suggest that chronic exposure to ostomy odor likely has cumulative effects on body
image perception through sustained activation of these neural pathways, with particularly
strong effects during moments of conscious awareness of the odor.

Further empirical evidence for odor's impact on body image of self comes from
several experimental investigations. Davies-Owen et al. (2024) found that pleasant
fragrances enhanced subjective ratings of both self and other faces for attractiveness and
confidence, with EEG data showing stronger effects during self-image processing.
Similarly, Craig Roberts et al.(2009) demonstrated in a double-blind study that men using
fragranced deodorant reported higher self-confidence and self-perceived attractiveness,
with these internal perceptions manifesting in observable behavioral differences noted by
external raters. In a directly relevant clinical context, Yousef et al. (2024) found that
aromatherapy interventions using lavender oil led to improvements in body image
outcomes among individuals with ostomies.

Our findings demonstrated that higher levels of ostomy odor predicted both
increased anxiety and decreased EWB, independent of demographic and clinical factors,
supporting our second hypothesis. These results align with Yousef et al.'s (2024) recent
randomized controlled trial investigating lavender oil interventions for patients with
permanent colostomies. In their study, participants receiving lavender oil intervention
showed significant improvements in odor reduction along with corresponding

improvements in anxiety levels. Our findings are also consistent with Annells' (2006)
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qualitative study, which revealed that individuals with ostomies view odor as a significant
threat to social acceptance and normalcy. Annells (2006) found that participants feared
stigmatization not only from the visible ostomy but specifically from being “the producer
of foul odor" (p.523), highlighting how odor concerns directly impact social functioning.
This connects with Saunders et al.'s (2021) qualitative study, which similarly documented
anxiety as a common experience among those with ostomies directly related to odor
concerns. Saunders found that patients reported avoiding social interactions and
experiencing anticipatory anxiety about potential odor-related embarrassment in public
settings, behaviors that reflect the stigmatization fears identified by Annells (2006).

In our study participants, higher levels of BID predicted lower EWB after
controlling ostomy odor and other factors, partially supporting our third hypothesis.
However, we found no significant link between BID and anxiety symptoms after
controlling these variables. This finding aligns with previous research, as (Bullen et al.,
2012) found that BID predicted both depression and emotional well-being in colorectal
surgical patients. The absence of a significant relationship between BID and anxiety in
our study, however, diverges from several previous studies. (Benedict et al., 2016),
examining women with rectal and anal cancer, identified significant associations between
BID and anxiety in Pearson correlation analysis, although not in mediation analysis of
body image between GI symptoms and anxiety. Similarly, Bullen's (2012) research
demonstrated that initial BID predicted anxiety at follow-up assessment, while (Sharpe et
al., 2011) established body image as a strong predictor of both initial and subsequent
anxiety and distress in CRC survivors. The discrepancy between our findings and

previous research may be attributed to the homogeneity of our study population. While
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earlier investigations included heterogeneous samples (patients with various colorectal
diseases or CRC patients both with and without ostomies), our study focused exclusively
on CRC survivors with ostomies. This population-specific approach provides a more
nuanced understanding of the psychosocial dynamics unique to individuals managing life
with an ostomy following CRC treatment. In this population, BID may influence
emotional domains differently than in the broader CRC population or individuals with
non-cancer colorectal conditions. More importantly, our methodological approach
incorporated comprehensive adjustments for demographic and clinical covariates (race,
ostomy permanence, treatment status, age, education, and financial difficulty) in our
regression analyses predicting anxiety (Table 9). This rigorous statistical control allowed
us to isolate the relationship between body image and anxiety with greater precision,
revealing underlying patterns that might otherwise remain obscured in less-controlled
analyses. For instance, while our bivariate analysis using Pearson correlation showed a
significant association between BID and anxiety, this relationship became non-significant
in multivariable regression analysis after adjusting for demographic and clinical factors.

Limitations

This study has several limitations that should be considered when interpreting our
findings. First, the cross-sectional design precludes causal inferences and temporal
sequencing of the proposed mediation effects, though our theoretical framework guided
hypothesis development and interpretation. Second, the descriptive nature of this study
did not allow for the controlled laboratory conditions typical of multisensory/cross-modal

research. Third, our sample lacked diversity, being predominantly white and
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heterosexual, which may underrepresent experiences of racial minorities and LGBTQ+
individuals.

Future Research Recommendations

Several directions for future research emerge from this study. First, longitudinal
studies should examine how relationships between ostomy odor, BID, and EWB evolve
over time- particularly during critical transition periods such as immediate post-surgery
recovery and long-term adaptation. Second, there is a pressing need to develop and
validate body image disturbance assessment tools tailored explicitly for CRC survivors
with ostomies. Current body image measures may not adequately capture the unique
interplay between olfactory concerns and body perception in this population. Third,
intervention research should evaluate the effectiveness of various ostomy odor
management strategies on body image outcomes, incorporating both objective odor
measurements (using odor detectors) and practical odor control techniques. Finally,
research should extend beyond ostomy patients to investigate similar relationships in
other medical contexts where patients experience illness or treatment-related bodily
odors, such as incontinence or chronic wounds. This broader investigation would develop
a more comprehensive understanding of how olfactory-visual interactions affect body

perception and psychosocial well-being across different clinical populations.

Conclusion

This study reveals significant relationships between ostomy odor, BID, and EWB
in CRC survivors with ostomies. Our findings show that ostomy odor and BID are
interconnected factors affecting EWB, with BID serving as a partial mediator between

ostomy odor and emotional outcomes. These insights enhance our understanding of the
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complex psychosocial challenges that ostomy patients face and establish the groundwork

for future research on BID in oncology populations dealing with odor-related issues.
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Summary of Research Findings

Guided by Maurice Merleau-Ponty's (2011) theory on embodied consciousness,
this research examined the structural relationships among ostomy-related issues (leak,
odor, and peristomal skin complications), body image disturbance, and anxiety/emotional
well-being in CRC survivors with ostomies.

To achieve our aim 1 (to identify risk factors and consequences of anxiety in CRC
survivors), we conducted a scoping review examining 51 studies. From the identified risk
factors, we included body image disturbance and ostomy-related issues as our main
variables in subsequent studies while incorporating most other variables as covariates.
Our review also revealed the consequences of anxiety, highlighting the critical
importance of studying anxiety in this population.

To achieve our aim 2 (to examine the structural relationships between ostomy-
related issues and anxiety symptoms in CRC survivors with ostomies), we conducted a
cross-sectional study with 130 CRC survivors recruited through online support groups.
This investigation was theoretically grounded in odor-associated learning theory, which
posits that negative olfactory experiences can be conditioned with psychological
responses through associative learning mechanisms (Herz, 2009; Herz, Schankler, et al.,
2004). Individuals with pre-existing mood or anxiety disorders or major sensory deficits
were excluded to minimize confounding variables. The study employed single-item 7-
point Likert scales to measure ostomy leakage, odor, and peristomal skin complications,
while the validated GAD-7 instrument was utilized to assess anxiety symptoms (Spitzer
et al., 2006). Comprehensive demographic and clinical data were also collected to

account for potential covariates. Statistical analysis consisted of a series of regression
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analyses following Baron and Kenny's mediation model framework to systematically
examine relationships among variables while controlling relevant demographic and
clinical factors (Baron & Kenny, 1986). This methodological approach allowed for the
examination of both direct and indirect pathways through which ostomy-related issues
might influence psychological outcomes in this population.

e Hypothesis 2.1 (partially supported by our data): Our data demonstrated that
increased ostomy leakage and odor are associated with increased anxiety, even
after controlling demographic and clinical factors. However, unlike our
hypothesis, peristomal skin complications were not statistically significantly
associated with anxiety.

e Hypothesis 2.2 (partially supported by our data): Our data demonstrated that odor
mediates the relationship between ostomy leakage and anxiety. However, unlike
our hypothesis, peristomal skin complications did not mediate this relationship.
To achieve our aim 3 (to examine the structural relationships between ostomy

odor, body image disturbance, and emotional well-being/anxiety symptoms in CRC
survivors with ostomies), we conducted a study using cross-sectional data collected for
Aim 2. This investigation was theoretically grounded in cross-modal correspondence
theory, which posits that stimuli in one sensory modality (such as olfaction) can
systematically influence perception and evaluation in another modality (such as vision)
(Chen & Spence, 2022; Spence, 2021). This theoretical framework provided a robust
foundation for understanding how ostomy odor might influence visual self-perception
and subsequent psychological outcomes. The study employed single-item 7-point Likert

scales to measure ostomy odor, along with the validated Body Image Scale (Hopwood et
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al., 2001b), GAD-7 (Spitzer et al., 2006), and FACT-G emotional well-being subscale (D.

F. Cella et al., 1993). Comprehensive demographic and clinical data were also collected
to account for potential covariates. We utilized a series of regression analyses following
Baron and Kenny's mediation model to systematically examine both direct and indirect
pathways through which ostomy odor might influence body image disturbance and
anxiety/ emotional well-being while controlling relevant demographic and clinical
factors.

e Hypothesis 3.1 (supported by our data): Our data demonstrated that increased
ostomy odor is associated with increased body image disturbance, independent of
demographic and clinical factors.

e Hypothesis 3.2 (supported by our data): Our data demonstrated that increased
ostomy odor is associated with increased anxiety and decreased emotional well-
being.

e Hypothesis 3.3 (partially supported by our data): Our data demonstrated that
increased body image disturbance is associated with increased anxiety but not
with emotional well-being while controlling ostomy odor and other factors.
Collectively, these findings provide empirical support for the theoretical

frameworks guiding this research (Herz, 2009; Herz, Schankler, et al., 2004; Merleau-
Ponty, 2011; Spence, 2021) and significantly contribute to understanding the complex
psychosocial challenges faced by CRC survivors with ostomies. Our results demonstrate
that ostomy odor plays a central role in mediating relationships between ostomy leakage
and anxiety while also directly influencing body image disturbance and emotional well-

being. These findings highlight the multifaceted nature of ostomy-related anxiety and
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underscore the importance of addressing odor concerns in clinical interventions targeting

psychological well-being in this population.
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Contribution to Related Field of Science

This dissertation makes significant interdisciplinary contributions to the scientific
understanding of the relationships between physical symptoms, sensory experiences, and
psychological processes in CRC survivors with ostomies. By integrating theories from
phenomenology, cognitive psychology, and sensory science with empirical investigation,
this research enhances our understanding of the unique embodied experiences in this
population.

The application of Merleau-Ponty's (2011) theory of perception provides a novel
theoretical framework for understanding how altered bodily states affect survivors' lived
experiences. This phenomenological approach, combined with quantitative methods,
offers a methodological model for future research examining the intersection of sensory
perception, body image, and emotional adaptation in clinical populations, particularly
those with various odor-related issues, including individuals with malodorous wounds or
incontinence.

This research advances the field by establishing empirical evidence for the critical
role of ostomy odor as both a direct contributor to psychological distress and as a
mediator between ostomy leakage and anxiety. This finding transcends traditional clinical
approaches that often treat the physical and psychological aspects of ostomy management
separately. By demonstrating how olfactory experiences influence body image
disturbance through cross-modal sensory integration, this work bridges previously
disconnected domains of sensory science and psycho-oncology.

For nursing science specifically, this research offers evidence-based insights for

developing more holistic approaches to ostomy care that address both physical
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management and psychological impact. The identification of odor as a central concern
provides direction for developing targeted interventions to improve quality of life in this
population. Our findings in Chapter 3 revealed that odor remains significantly associated
with anxiety even after controlling leakage, highlighting its distinct psychological impact.
This helps explain certain behaviors frequently observed in individuals with ostomies,
such as changing their appliances too frequently, repeatedly checking their appliance,
taking excessive showers, or fasting before and during social activities (Annells, 2006;
Black & Notter, 2021a; Mitchell et al., 2007; Saunders et al., 2021). These behaviors,
while often viewed as maladaptive coping mechanisms, represent attempts to manage

odor-related anxiety and can significantly impact quality of life and social functioning.
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Appendix A

Data Quality Assurance Protocol and Response Validation Process

To ensure data integrity and validity, we implemented a comprehensive verification
protocol that combined automated security measures and manual validation procedures.
Recruitment occurred through two established nonprofit online support groups for
individuals with ostomies and/or colorectal cancer and their caregivers. These platforms
required user authentication and were actively managed by webmasters. Given the
limitations of online surveys, we implemented several validation processes to filter
potential fraudulent responses. Below, we detail these validation processes and their
outcomes throughout the pre-collection, during-collection, and post-collection phases.

Pre-Data Collection

Implementation of Qualtrics Security Features

e Captcha Verification Questions requiring respondents to complete visual
challenges

e Bot detection algorithms using Google's invisible reCAPTCHA V3 technology
e Duplicate prevention through the "Prevent multiple submissions" option

e Geographic location validation (excluded responses from outside the United
States)

Survey-Specific Validation Measures

e Pre-screening questionnaire with automatic survey termination for participants
who did not meet inclusion criteria

e Five randomly placed attention-check questions (e.g., "Which of these is not an
animal?") with automatic survey termination upon incorrect answers

e Separation of the main survey from a compensation survey that collected
participants' names and email addresses. After completing the main survey,
participants were redirected to the compensation survey.

During Data Collection

e Randomly updated attention-check questions and answer options

e During close monitoring, if we detected an unusual surge in responses within a
short time period, we paused the survey and compared the open-ended
responses. When similar response patterns were identified, we filtered out those
responses.

Post-Data Collection (total completed responses=690)
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e Responses with low (less than 0.5) or missing reCAPTCHA scores: removed
378

e Duplicate IP addresses: removed 5

e Suspicious email addresses (e.g., addresses that did not match provided names
or contained random letter combinations): removed 52

e Completion duration (less than 5 minutes): removed 4

e Recurring patterns in open-ended questions or overall responses within a short
timeframe: removed 113

Through this validation process, we excluded 552 (80%) of the initial 690 responses,
yielding 138 responses that met all quality criteria. During data cleaning, we removed 5
responses from participants who selected "prefer not to say" for demographic and clinical
questions. We also removed 3 responses identified as statistical outliers, resulting in a
final analytical sample of 130 participants.
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Group Differences in Ostomy Leakage, Odor, Peristomal Skin Complications, and
Anxiety Levels (N =130)

Ostomy Leakage Odor PSC Anxiety
Characteristic
Mean SD t/F P Mean SD t/F P Mean SD t/F p Mean SD t/F P
Female 1.81 1.37 221 13 2 1.4 8.38 3.78
Sex -2.32* 0.022 -2.36* 0.02 -1.79 0.077 0.97 0.336
Male 244 15 285 1.51 248 144 7.66 4.07
Heterosexual
. 225 1.49 268 1.48 237 145 7.65 3.99
Gend (straight)
ender
Homosexual
Identify . 1.88 1.64 0.83 | 0.486 2 1.41 0.92 | 0.461 1.88 1.25 0.74 | 0.527 10.25 2.87 4.28 0.088
(gay/lesbian)
Bisexual 2.67 0.58 3 1 1.67 1.53 11.33 2.89
Married or living
. 226 1.44 269 1.47 229 149 7.99 4.07
with a partner
Marital Status Widowed, 293 0.07 02 0822 031 0.739 232 0116
divorced, 2.55 1.53 262 1.54 248 1.35 6.9 3.67
or separated
Never F)een 1.33 144 242 1.38 217 127 9.58 3.65
married
White or 235 15 277 142 253 1.42 76  4.03
Caucasian
Blackor Afri * *x
Race ac or_ rican 231 1.44 2.83 0.072 259 1.72 2.32 0.113 197 155 3.39* 0.044 721 347 6.07 0.005
American
Other Races 1.47 1.3 207 1.1 1.8 1.08 10.87 3.5
High school
. 211 1.66 279 1.78 1.89 1.7 4.63 277
diploma or less
Some
college/Associat | 2.67 1.53 293 1.5 2.64 147 7.96 4.44
Education e's degree 3.84* 0.017 1.8 0.162 222 0.101 10.2***  <.001
Bachelor's 1, 25 122 23 124 202 122 891 3.34
degree
Graduate/Profes
. 231 1.38 2.38 1.39 2.62 1.33 9 3
sional degree
Employed
(Workmg,fuu_nme 2.29 1.55 266 1.5 2.33 149 7.89 3.85
&working part-
time)
Employment 0.63 0.527 0.23 0.817 0.05 0.962 -0.02 0.982
Unemployed
(unemployed, 2.09 1.28 259 1.39 231 1.28 7.91 4.42
homemaker,
student, retired)
Stage 1 2.03 1.74 2.39 1.63 21 1.25 6.77 4.18
Cancer Stage Stage 2 222 149 169 0.194 | 265 148 132 0.276( 246 155 098 0.381| 8.01 4.11 294 0.061
Stage 3 2.62 0.92 3 1.14 214 124 9.1 272
Colon 2.06 1.55 246 1.63 2.13 1.58 74 3.89
Cancer Location Rectum 238 144 112 0352 2.8 1.33 1.16 0.339| 252 1.35 1.13 035 | 818 4.11 243 0.122
Both 2.67 1.03 3 0.89 233 121 10.17 2.86
Temporary 2.13 1.48 273 1.27 2.47 123 9.15 4.08
Ostomy Status 0.56 0.456 0.63 0.533 1.06 0.293 3.48*** <001
Permanent 2.33 1.49 2,57 162 22 159 6.81 3.58
OnRadiotherapy | 2.38 1.21 254 141 225 111 9.38 3.65
On
Current ch th 22 145 286 1.42 243 1.27 10.23 3.18
Treatmant (o ;T;’ Rer;py& 0.14 0.938 0.55 0.654 026 0.855 205%*% <001
n Both (Radio 2.33 1.56 2.33 1.23 2 1.71 10.25 2.96
Chemo)
No (currently not
219 161 263 1.57 236 1.61 542 3.29
on any)
i i Lessthanlyear | 2.24 1.53 2.7 146 2.35 144 8.13 3.92
Time since Y 0.05 0.957 0.7 0.483 0.43 0.668 1.23 0.223
Ostomy lyearormore | 2.23 1.36 248 1.5 223 1.45 213 4.13
Age Pearson'sr=0.17, p=0.058 | Pearson'sr=0.05, p=0.575 | Pearson'sr=0.04, p=0.666 Pearson'sr=0.18*, p =0.04
BMI Pearson'sr=-0.09, p=0.312 |Pearson'sr=-0.09, p =0.322| Pearson'sr=-0.03,p=0.78 Pearson'sr=-0.13, p =0.137
Financial difficulty Pearson'sr=0.28** , p =0.002|Pearson's r=0.25**, p =0.004| Pearson'sr=0.18*, p=0.036| Pearson'sr=0.24**,p=0.007
Number of comorbidities Pearson'sr=0.05, p =0.54 Pearson'sr=0.14, p=0.103 | Pearson'sr=0.01,p=0.882 Pearson'sr=0.15, p =0.096

Note. * p <.05, ** p < .01, *** p < 001
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Appendix C

Group Differences in Ostomy Odor, Body Image Disturbance, Anxiety Symptoms,
and Emotional Well-being (N = 130)

. Odor Body Image Anxiety Emotional Well-being
Characteristic
Mean SD t/F p Mean SD t/F p Mean SD t/F p Mean SD t/F p
Sex Female 220 13 3gr 002 o A8 ggzen <o [B38 378 497 ga3s 232 37 41 gg3g
Male 2.85 1.5 19.8 5.69 7.66 4.07 13 3.77
Heterosexual
. 268 15 185 6.02 7.65 3.99 131 3.84
Gender (straight)
. H | 0.92 0.461 4.38 0.069 4.28 0.088 0.34 0.73
Identify omosexua 2 14 15 283 1025 2.87 128 198
(gay/lesbian)
Bisexual 3 1 17 2 11.33 2.89 11.7 3.21
Married or living
. 269 15 179 5.78 7.99 4.07 132 373
with a partner
Marital Status  Wid d, di d, 0.2 0.822 6.01**  0.006 2.32 0.116 0.21 0.81
idowed, dIVOTeed, 5 65 15 206 618 69 367 129 3.79
orseparated
Never been married 242 1.4 15.2 3.66 9.58 3.65 12.5 3.85
White or Caucasian  2.77 14 19 562 7.6 4.03 13.2 3.99
Race BlackorAfrican ) ¢o 17 232 0113 | 181 623 617** 0005 | 721 347 607%* 0005 | 128 284 023 079
American
Other Races 207 1.1 14 499 10.87 3.5 12.7 39
High school
THigh schoo 279 18 238 553 463 277 139 463
diploma orless
Some
Education  COllege/associate’s 293 15 o oo | 197 576 Loon o0 | 796 444 oo, oo | 130383 o0 oo
degree
Bachelor's degree 23 1.2 149 413 891 334 13 3.61
Graduate/Professio
238 14 149 229 9 3 235 333
nal degree
employed (working
full-time & working  2.66 1.5 19.2 581 7.89 3.85 129 351
part-time)
Employment unemployed 0.23 0.817 3.13**  0.002 -0.02 0.982 -1.03 0307
loyed,
(unemploye 259 14 155 523 791 442 137 435
homemaker,
student, retired)
Stage 1 239 16 18.8 6.32 6.77 4.18 134 3.91
Cancer Stage Stage 2 265 15 132 0.276 185 6.15 171 0.19 8.01 4.11 294 0.061 [ 13.1 36 048 0.623
Stage 3 3 1.1 16.7 3.69 9.1 272 123 4.03
Cancer Colon 246 16 193 6.33 74 3.89 13.1 36
Location Rectum 28 13 116 0.339 173 548 203 0.16 8.18 4.11 243 0.122 13 406 058 0.565
Both 3 0.9 17 276 10.17 2.86 12.7 0.52
Temporary 273 1.3 159 4.66 9.15 4.08 13.2 4.04
Ostomy Status 0.63 0.533 -4.49%** <001 3.48*%** <001 042 0.678
Permanent 257 16 203  6.09 6.81 3.58 129 347
On Radiotherapy  2.54 1.4 15.8  3.39 9.38  3.65 12.9 3.15
On Chemotherapy 2.86 1.4 164 3.62 10.23 3.18 119 3.03
Both (Radi
urrent on 2:1 ( a)dm& 233 12 144 555 1025 2.96 128 333
emo 055  0.654 9.87%+* <001 2054+ <001 227 0.094
Treatment
N |
ofeurrentlynoton ,c. 16 212 651 542 3.29 139 425
any)
. . Less than 1year 27 15 181 5.76 8.13 3.92 129 3.78
Time since
0.7 0.483 -0.49 0.628 1.23 0.223 -1.15  0.252
Ostomy
1lyearormore 248 15 18.7 6.29 213 413 13.7 3.56
Age Pearson's r=0.05, p=0.575 |Pearson's r=0.18*, p=0.038 |Pearson's r=0.18* p=0.04 Pearson's r=0.2* , p=0.025
BMI Pearson's r=-0.09, p=0.322 |Pearson's r=0.02, p=0.83 Pearson's r=-0.13, p=0.137 |Pearson's r=0.07 , p=0.429
Financial Difficulty Pearson's r=0.25** , p=0.004 |Pearson's r=0.21* ,p=0.017 |Pearson's r=0.24** , p=0.007 |Pearson's r=-0.04, p=0.697
Time since Ostomy Pearson's r=-0.05, p=0.55 |Pearson's r=-0.01, p=0.927 |Pearson's r=-0.01, p=0.262 |Pearson's r=0.02 , p=0.813
Number of Comorbidities Pearson's r=0.14 , p=0.103 Pearson's r=-0.25** , p=0.004 [Pearson's r=0.15, p=0.096 Pearson's r=-0.2* , p=0.024

Note. * p <.05, ** p < 01, *** p < 001




