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Abstract

Purpose: To quantify physical disability and psychological distress in people with and without
colorectal cancer (CRC).

Methods: Questionnaire data (2006-2009) from 267,153 Australian general population
members aged 245 years participating in the 45 and Up Study (n=213,231 following
exclusions) were linked to cancer registry and hospital admission data, to ascertain CRC
status. Modified Poisson regression estimated adjusted prevalence ratios (PRs) for physical
disability and psychological distress in participants with CRC versus those without.

Results: Compared with participants without CRC (n=210,836), CRC survivors (n=2,395) had
significantly higher physical disability prevalence (11.9% versus 19.5%, respectively):
PR=1.11 (95%CI=1.03-1.20); and a similar prevalence of distress (23.1% versus 20.2%):
PR=1.03 (0.94-1.20). Adverse outcomes were associated with certain clinical characteristics.
Compared to participants without CRC, CRC survivors diagnosed 5-<10 and 210 years, with
regional spread and without recent cancer treatment had broadly similar outcomes; survivors
with metastatic CRC and recent treatment had 30-60% higher prevalence of disability and
distress. Compared to participants with neither CRC nor disability, PRs for distress were 4.71
(4.22-5.26) for those with disability and CRC; and 4.22 (4.13-4.31) for those with disability
without CRC.

Conclusions: Physical disability is elevated in CRC survivors. Psychological distress is
elevated 4- to 5-fold with disability, regardless of CRC diagnosis, with lesser increases around
diagnosis and treatment.

Implications for cancer survivors: CRC survivors with less advanced disease and who have
not been recently diagnosed or treated have physical disability and psychological distress
comparable to the general population. Survivors with disability are at particularly high risk of
psychological distress.

Keywords: Colorectal cancer, physical functional limitations, psychological distress, clinical
characteristics, joint consideration



Introduction

Colorectal cancer (CRC) is one of the most common cancers worldwide [1], and the third most
common cancer in Australia [2]. The 5-year survival for CRC in Australia has increased from
50% to 69% over the past three decades, with a 2013 estimate of almost 200,000 people living
with CRC [2].

There is increasing emphasis on gaining a greater understanding of cancer survivorship
experience, including “person-centred” outcomes such as physical functioning and
psychological wellbeing. Evidence on these outcomes, indicative of the quality of life, is critical
to inform policy and practice and the provision of holistic support to CRC survivors.

In general, a diagnosis of cancer is associated with lower levels of physical functioning and a
greater likelihood of physical disability [3-9]. Recent diagnosis or advanced disease are
associated with higher levels of psychological distress as well [10-12]. Available evidence on
cancer survivors also indicates that the risk of psychological distress in long-term cancer
survivors relates more strongly to physical disability than to cancer diagnosis per se [13].
However, cancer is a heterogeneous disease, with significant differences in incidence,
symptoms, treatment and survival across cancer types [14]. There is a lack of large-scale
reliable evidence on physical functional limitations and psychological distress in relation to
CRC diagnosis and its clinical characteristics, particularly for long-term CRC survivors. There
is also a lack of evidence on how the relationship of CRC diagnosis and psychological distress
varies by levels of physical functional limitations.

The aim of this study was to quantify and compare physical functional limitations and
psychological distress between people with and without CRC in a large cohort of Australian
adults. We also examined this association in relation to different clinical characteristics of CRC
and in a range of population subgroups, and investigated the joint relationship between
physical functional limitations and psychological distress in people with and without CRC.

Methods
Data resources

Data were from the Sax Institute’s 45 and Up Study, a prospective cohort study that included
more than 267,000 people from New South Wales (NSW), Australia. The details of the study
methods and characteristics of the cohort are described elsewhere [15]. Briefly, participants
were men and women aged =45 years old randomly sampled from the Medicare Australia
database provided by Services Australia (formerly the Australian Department of Human
Services). The 45 and Up Study covered around 10% of the aged-matched population in NSW.
Individuals joined the study by completing a questionnaire distributed between 2006 and 2009,
and giving informed consent for linkage of their data to population health databases.
Participants aged =80 years old and residents of rural areas were oversampled by a factor of
two. The baseline questionnaire collected individual self-reported data from participants on
demographic factors, smoking, alcohol intake, physical activity, diet, height, weight, surgical
history, physical functioning impairment, income, social support, quality of life, self-rated
health, falls, mental health and medical history.

Questionnaire data from the study participants were linked probabilistically by the NSW Centre
for Health Record Linkage to two population-wide health databases [16]: 1) NSW Cancer
Registry (NSWCR; January 1994 to December 2013), which provided records of all diagnosed
cancers (except non-melanoma skin cancers), including cancer type, date of diagnosis,
cancer stage, and other details of cancer for residents in NSW; 2) NSW Admitted Patient Data
Collection (APDC; July 2001 to June 2016), which provided hospital admission data of all
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public and private hospitals in NSW, including admission date, primary diagnosis code, and
up to 50 more diagnosis codes. Data from 2006-2009 were available in the NSWCR and the
APDC datasets.

Study variables
Exposure

The main exposure in this analysis was CRC diagnosis at baseline. An individual was
considered to have CRC if they were registered in the NSWCR dataset within 12 years prior
to baseline or had a diagnosis in the APDC dataset within 5 years prior to baseline, according
to the International Statistical Classification of Disease and Related Health Problems (ICD-10)
codes of C18 to C21 [17]. Date of diagnosis from NSWCR or APDC, whichever was the
earliest, was used to identify CRC prior to enrolment in the study.

Clinical characteristics of CRC included time since diagnosis, cancer stage at diagnosis, and
whether respondents had received any treatment for cancer in the last month before
completing the baseline questionnaire. Time since diagnosis was calculated as the date of the
baseline 45 and Up Study questionnaire completion minus the date of CRC diagnosis. It was
categorised as <1 year, 1 -<2 years, 2 -<5 years, 5 -<10 years, and 210 years. Stage of CRC
was derived from the NSWCR dataset, categorised as localised spread, regional spread, and
distant metastases. Recent treatment for cancer was based on self-reported treatment for
cancer in the previous month, derived from the baseline questionnaire of the 45 and Up Study.

Outcomes

The two outcomes in this analysis, physical functional limitation and psychological distress,
were derived from self-reported data in the baseline questionnaire of the 45 and Up Study.

Physical functional limitation was assessed using the Physical Functioning scale from the
Medical Outcomes Study (MOS-PF) [18], which asks participants whether they are limited in
their ability to perform vigorous and moderate physical activities and tasks such as lifting,
shopping, climbing stairs, walking, bending, kneeling, stooping, bathing or dressing. Scores of
MOS-PF ranged from 0 to 100, where higher scores indicated fewer limitations. Physical
functional limitation was classified as no limitations (MOS-PF=100); minor limitations
(90=MOS-PF<99); moderate limitations (60sMOS-PF<89); and severe limitations (0sMOS-
PF<59) [13].

Psychological distress was measured using the Kessler Psychological Distress Scale (K10)
[19]. The scale is designed to measure anxiety and depression through a 10-item
guestionnaire. Each question pertains to an emotional state and has a five-level response
scale. Scores of K10 ranged from 10 to 50, where high scores indicated higher levels of
distress. Psychological distress was categorised as low distress (10sK10<15); moderate
distress (16=K10<21); and high distress (22<K10<50) [20].

Other variables

Socio-demographic characteristics considered to be potential confounding factors in the
relationship between the outcomes (physical functional limitations and psychological distress)
and CRC diagnosis were: age, sex, education, region of residence, and country of birth. These
variables were based on self-reported data from the baseline questionnaire of the 45 and Up
Study, except for region of residence, which was derived from the Accessibility Remoteness
Index of Australia Plus (ARIA+) [21] score for each participant’s postcode as recorded in the
Medicare Australia Database.



Study population

After logical imputation and backfilling, proportions of missing data in outcome variables were:
physical functioning limitations (n=35,486; 13.3%) and psychological distress (n=30,330;
11.4%). Imputing missing data in outcome does not add materially to beta estimates from
regression models, unless the imputation model includes strong predictors of the missing
values [22-23], such as comorbidity, which is beyond the scope of this study. Hence, excluding
participants with missing outcomes, as was done here, was considered the most appropriate
option. Respondents with missing/invalid data on physical functional limitations or
psychological distress were excluded from this analysis (n=53,468, 20% of 266,699
participants). Those remaining were grouped into people with and without CRC at baseline.
CRC survivors at baseline were identified according to the aforementioned criteria; people
without CRC were identified as participants without any record of CRC diagnosis before they
completed the baseline questionnaire.

Ethics approval for the 45 and Up Study as a whole was provided by the University of New
South Wales Human Research Ethics Committee. Ethics approval for the present study was
provided by the NSW Population and Health Services Research Ethics Committee
(12/CIPHS/31) and the Australian National University Human Research Ethics Committee
(2012/504).

Statistical analysis

Distributions of the MOS-PF and K10 scores by CRC diagnosis in different age groups were
presented using histograms. MOS-PF and K10 scores were then categorised as outlined
above, respectively. Prevalence of each category of physical functional limitations and
psychological distress were calculated according to CRC diagnosis and its clinical
characteristics.

A modified Poisson Regression model with robust error variance [24] was used to estimate
prevalence ratios (PRs) for outcomes in those with versus without CRC, adjusting for age, sex,
education, region of residence, and country of birth. In this study, there were no missing data
in the exposure variable (cancer status); proportion of missing data in covariates adjusted for
in the models were <2% (no missing data in age or sex; missing 1.1% for education, 1.9% for
region of residence and 0.6% for country of birth) and were included as separate categories
in regression models. The main analysis included three groups of regression models: 1) PRs
and 95% confidence intervals (Cls) of severe limitations and moderate-to-high distress were
estimated according to CRC diagnosis and its clinical characteristics. These analyses used
people without CRC as the reference group; 2) adjusted PRs and 95%Cls of severe limitations
and moderate-to-high distress in participants with and without CRC were estimated within the
following subgroups: age groups (45-59, 60-69, 70-79, and 280 years), sex (male, female),
education (university, certificate/diploma, <secondary school), residence (major city, inner
regional, and outer regional/remote area), and country of birth (Australian born and not
Australian born). interaction terms were included in the model to assess statistical interaction;
3) to jointly consider psychological distress in relation to CRC diagnosis and physical
functional limitations, PRs and 95%Cls of moderate-to-high distress were estimated among
participants with and without CRC stratified by levels of physical functioning (no limitations,
minor limitations, moderate limitations, and severe limitations). This analysis used people with
neither CRC diagnosis nor physical functional limitations as the reference group.

Two sensitivity analysis were conducted. First, the prevalence of severe physical functional
limitations and moderate-to-high psychological distress were compared between CRC
survivors and a restricted comparison group of those without any cancer (as opposed to the



main comparison group, which was those without CRC only). Second, PRs and 95%Cls of
alternative outcome measures were examined: moderate-to-severe limitations (0sMOS-
PF<89) and high distress (22<K10<50) comparing those with and without CRC.

All statistical analyses were conducted using Stata software, version 14.
Results

At baseline, 2,395 CRC survivors and 210,836 participants without CRC had valid data on
physical functional limitations and psychological distress (Supplementary file: Table S1).
Compared to people without CRC, CRC survivors were, in general, older, more likely to be
male, and of lower educational attainment. Region of residence and country of birth were
similarly distributed between participants with and without CRC. Most CRC survivors had their
cancers diagnosed within the past 2 to 10 years, had disease with regional spread, and had
not received treatment for cancer in the past month (Table 1). Among CRC survivors, 1,539
were diagnosed with colon cancer (ICD-10 codes of C18), 679 were diagnosed with rectal
cancer (C20), 234 were diagnosed with cancer of recto-sigmoid junction (C19), and 49 were
diagnosed with anal cancer (C21) (Supplementary file: Table S2).

Physical functional limitations in relation to CRC diagnosis

Physical disability, indicated by lower MOS-PF scores, increased markedly with age. The
proportion of participants with relatively low MOS-PF scores was higher among CRC survivors
compared to people without CRC (Supplementary file: Figure S1).

Overall, 19.3% of participants with CRC had no physical limitations, compared to 35.2% of
those without CRC; while 19.5% and 11.9%, respectively, had severe limitations
(Supplementary file: Table S3). Compared to people without CRC, severe limitations were
more common among CRC survivors with recent diagnosis, with metastatic cancer stage, or
who had received treatment for cancer in the last month.

Overall, the PR (95% CI) for severe limitations, adjusting for age, sex, education, region of
residence, and country of birth, was 1.11 (1.03-1.20) in people with versus without CRC. CRC
survivors diagnosed more than 5 years previously (PR=1.04 (0.90-1.20) for those diagnosed
=10 years; 0.97 (0.75-1.27) for those diagnosed 5-<10 years), with regional spread of cancer
(PR=1.05 (0.93-1.19)), and those who had not received treatment for cancer in the last month
(PR=0.99 (0.90-1.08)) had similar prevalence of severe limitations to those without CRC
(Figure 1). The adjusted PRs (95% Cls) were 1.33 (1.09-1.62), 1.48 (1.12-1.96) and 1.61
(1.39-1.87) for CRC survivors diagnosed within a year, with metastatic disease and who had
received treatment for cancer in the past month, respectively, compared to those without CRC
(Figure 1).

Of CRC survivors aged 45-59, 11.2% had severe limitations compared to 7.1% of those
without CRC in the same age group; 34.9%/38.0% of people with/without CRC aged over 80
had severe limitations. Hence, the relative prevalence of severe limitations was higher in
younger compared to older people, with PRs in people with versus without CRC of 1.51 (1.16-
1.93) for age 45-59 and 0.95 (0.84-1.08) for age =80 years (P interaction=0.013). There was no
statistically significant variation in the CRC-related PRs according to other examined factors,
including sex, education, residence, and country of birth (Figure 2).

In sensitivity analyses, the PRs (95% CIs) of severe limitations in CRC survivors versus people
without any cancer did not differ materially from the main analyses comparing CRC survivors
with the general population without CRC (Supplementary file: Figure S3). Moderate-to-severe
limitations (MOS-PF<89) was more prevalent among CRC survivors compared to those



without CRC with most clinical characteristics, except in those diagnosed within 1-2 years and
more than 10 years previously (Supplementary file: Figure S6).

Psychological distress in relation to CRC diagnosis

The distribution of K10 scores were broadly similar across age groups regardless of CRC
diagnosis (Supplementary file: Figure S2).

The crude prevalence of low (10sK10<15), moderate (16<K10<21), and high (22<K10<50)
distress were similar in CRC survivors and those without CRC. However, high distress was
more common in survivors with metastatic cancer and recent treatment (Supplementary file:
Table S4). The prevalence of moderate-to-high psychological distress did not differ between
people with and without CRC (adjusted PR (95%CI) 1.03 (0.94-1.11)) (Figure 3), nor did it
vary significantly with time since diagnosis. Moderate-to-high distress increased by 46% in
CRC survivors with metastatic disease and was 31% higher in those who had received
treatment for cancer in the past month, compared to people without CRC (Figure 3).

Compared to people without CRC, there was no significant association between CRC
survivorship and moderate to high distress in all subgroups examined, nor was there any
significant variation in the CRC-distress relationship according to any of the factors examined
(Figure 4).

In sensitivity analyses, the PR of moderate-to-high distress among CRC survivors versus
those without cancer remained similar to the PR of moderate-to-high distress among people
with versus without CRC (Supplementary file: Figure S4). When high distress (K10=22) was
considered, we found no statistically significant difference in the prevalence between people
without CRC and CRC survivors according to all clinical characteristics examined
(Supplementary file: Figure S7).

Joint consideration of psychological distress in relation to physical functional limitations and
CRC diagnosis

Stratification based on participants’ CRC diagnosis and physical functional limitations showed
that moderate-to-high distress was strongly related to limitations in physical functioning, rather
than CRC diagnosis. 10%-15% of participants with no limitations had moderate-to-high
distress compared to 40%-50% of those with severe limitations. Compared to participants
without a CRC diagnosis or physical functional limitations, the PRs (95% CIs) of moderate-to-
high distress were 1.33 (1.30-1.36), 2.28 (2.23-2.33), and 4.22 (4.13-4.31) among non-CRC
participants with minor, moderate, and severe limitations, respectively.

There was no statistically significant difference in the prevalence of moderate-to-high distress
in CRC survivors with no or minor physical limitations, compared to people without CRC and
with no limitation. The PRs (95% ClIs) of moderate-to-high distress in CRC survivors with
moderate and severe limitations were 2.04 (1.77-2.36) and 4.71 (4.22-5.26), respectively,
compared to non-CRC participants with no limitation (Figure 5).

Results from sensitivity analyses showed similar results in the prevalence of moderate-to-high
distress among CRC survivors versus participants without any cancer and among CRC
survivors versus the general population without CRC (Supplementary file: Figure S5). The
crude prevalence of high distress among those with severe limitations was five times that of
participants with no limitations, regardless of CRC diagnosis. Compared to participants without
CRC and with no limitations, the prevalence of high distress was almost eight times higher in
non-CRC participants with severe limitations (PR: 7.98 (7.64-8.34)); and more than seven



times higher in CRC survivors with severe limitations (PR: 7.55 (6.04-9.43)) (Supplementary
file: Figure S8).

Discussion

In this large-scale population-based Australian study, people living with CRC experienced
greater levels of physical disability than people without CRC. The elevated risks of disability
were focused in those who were recently diagnosed, had advanced disease and had
undergone recent treatment; long-term survivors, those with less advanced disease and those
who had not received treatment for cancer in the previous month had physical functioning
levels similar to the general population without CRC. Overall, CRC survivors had levels of
psychological distress similar to the general population without CRC. However, CRC survivors
with metastatic disease experienced around 50% higher prevalence of moderate-to-high
psychological distress than people without CRC. People with severe limitations to physical
functioning, regardless of whether or not they had CRC, had markedly increased risks of
psychological distress, at least four-fold that of people with no limitations.

Almost one in five CRC survivors experienced physical disability, compared to around one in
ten participants without CRC. Accounting for age, sex, and other potential confounding factors,
the prevalence of physical disability was around 10% higher in people with versus without
CRC. The absolute risk of physical disability increased with increasing age, and the
relationship of CRC diagnosis to physical disability was stronger in younger compared to older
age groups. Younger CRC survivors were 51% more likely to experience physical disability
than the age-matched general population while no difference in physical disability was
observed between older participants with and without CRC.

Our study provides new insights on how CRC relates to the important outcomes of physical
disability and psychological distress and, to our knowledge, provides the most comprehensive
analysis to date on how these vary according to the characteristics of the person and their
condition. The results of our analysis are generally consistent with the published evidence to
date, despite wide variation in methods and measures used.

Cancer is known to cause physical disability [3, 6-8] or lower levels of physical functioning [25].
Studies focusing on CRC have generally compared outcomes to people without cancer of any
type and found lower average levels of physical functioning in people with CRC than people
without any cancer [9, 26-29]. Evidence on the prevalence of physical disability in relation to
CRC diagnosis is limited. One study found that the prevalence of any self-reported limitation
in activity in CRC survivors diagnosed less than 5 years previously was around two-fold (odds
ratios 2.25 (1.45-3.51) in females and 2.62 (1.72-3.99) in males) that in people without any
cancer [4]. However, this study and another previous study of long-term CRC survivors
(diagnosed >5 years) found that levels of self-reported physical limitations were similar to
people without any diagnosis of cancer [4, 5]. Since these studies did not generally exclude
other cancers from the group with CRC, but excluded them from the comparison group, they
may overestimate differences attributable to CRC.

Most previous studies on the association between cancer diagnosis and psychological
distress included people with all cancer types combined; these studies found that a diagnosis
of cancer in general was associated with an increased risk of psychological distress [3, 9, 13,
30-37]. However, taking time since diagnosis into account, psychological distress in long-term
cancer survivors was similar to people without cancer [37, 38]. Among the limited number of
studies considering CRC specifically, the average level of psychological distress, reflected in
psychological outcome scores, was similar between CRC survivors and people without cancer
[26, 39]. The prevalence of serious psychological distress, measured by the Kessler-6, did not



differ significantly between CRC survivors and people without cancer, (6.9% and 4.8%,
respectively; p=0.9043) [40], consistent with our findings. Psychological distress measured
using a single question rather than a specific scale was similar between CRC survivors and
those without cancer [41-42]. Depression and anxiety, which are alternative mental health
outcome measures, have been reported to be higher in CRC survivors than those without
cancer [43, 44]. When comparing CRC survivors with the general population without CRC, the
risks of hospitalisation for depression and anxiety were also higher [45]. The few studies which
had data on the clinical characteristics of CRC concluded that recent diagnosis [46] and
treatment [47] were associated with a higher risk of psychological distress, broadly consistent
with our findings.

One previous study, based on an earlier subset of data from the 45 and Up Study, considered
the role of physical disability in the relation of cancer diagnosis to psychological distress.
Consistent with our findings, this study observed risks of high distress in people with physical
disability six to eight times those of people without disability, regardless of cancer diagnosis
[13]. Our study is the first to consider the role of physical disability in the relationship of CRC
to psychological distress. We have observed a strong relationship of physical disability to both
high distress and moderate-to-high distress, regardless of CRC diagnosis, and no significant
relationship of CRC to distress in people without disability.

The physical impact of CRC and its treatments varies from person to person. CRC itself can
cause a range of potentially disabling symptoms (such as fatigue, pain and weight loss) [48],
especially when disease is advanced. Treatments for most CRC, such as surgery and
chemotherapy, are invasive and can lead to a range of effects including physical disability [49-
54]. Psychological distress is strongly related to physical disability in the general population
[55] and, as demonstrated here, in people with CRC. Physical disability has been shown to
play a similar role in the relationship between psychological distress and other conditions,
such as diabetes, heart disease, and arthritis [56,57].

Physical and psychological outcomes underpin the ability of individuals and communities to
have a good quality of life; all of these outcomes have been shown to be of importance to
cancer survivors [58]. The US National Cancer Institute has proposed a Facing Forward
booklet on how to manage the side effects of treatment and how treatment affects health
related quality of life, including physical functioning [59]. Understanding physical functional
limitations in relation to CRC diagnosis may be a key step for supporting CRC survivors. These
data indicate that significant proportions of CRC survivors are experiencing psychological
distress and people with impaired physical functioning are at a particularly high risk. Screening
for psychological distress and provision of support among survivors, and specific
consideration of those with disability, may be of benefit.

The large-scale, population-based nature and the wide range of health data collected in the
45 and Up Study allowed us to use both the general population without CRC and people
without any history of cancer as the reference groups, which further allowed us to consider
how CRC is likely to impact physical functional limitations and psychological distress in the
general population, rather than in a clinical sample, which has been the focus of most previous
research. The large numbers in the 45 and Up Study provide statistical reliability and allowed
the examination of the relationship of CRC to the outcomes according to time since diagnosis,
stage, and recent treatment for cancer, as well as examining this relationship in various
population subgroups. The current study used validated measures of physical functional
limitations and psychological distress that ensured the reliability of the data.

As the analysis used data from the baseline questionnaire linked to the cancer registry and
hospital admissions datasets, we cannot assess whether physical disability and psychological
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distress happened before or after the diagnosis of CRC. Therefore, it is not possible to exclude
the potential contribution of differences in physical functioning and psychological distress in
CRC survivors occurring prior to diagnosis. However, we compared CRC survivors to other
study participants without CRC, adjusting for potential confounding factors. Furthermore, a
longitudinal study in US that examined the health related quality of life among CRC survivors
pre and post diagnosis showed that CRC diagnosis and treatment is followed by a decrease
in the level of physical function [60]. Since psychological distress is unlikely to be a major
cause of CRC and the relationship of physical functional limitations and psychological distress
is well-established and consistent with other studies [13, 36, 44, 56], we interpret our findings
as indicating that physical functional limitations are related to CRC diagnosis, and physical
functional limitations further relate to psychological distress. CRC survivors in the 45 and Up
Study and the prevalence estimated in this analysis may not be representative of the wider
population. However, evidence has shown that representativeness is not necessary for
generating reliable estimates of relative risks based on internal comparisons [61, 62] and PRs
are based on internal comparisons in this study. Participants with missing data on the outcome
variables were excluded from the study. Those missing values on outcome data were, on
average, older and less educated than those with data, consistent with experiencing higher
levels of morbidity. Missing values were more common among CRC survivors, largely because
they were older than people without CRC; once age was accounted for, the difference in the
proportions with missing outcome data between people with and without CRC was less than
5% in each age group. This potential bias would generally lead to underestimation of the
association between CRC diagnosis and outcomes of physical disability and psychological
distress.

The relationship between psychological distress and cancer is likely to vary according to the
cancer type. Survivors of other cancers may experience higher levels of psychological distress
than the general population [64, 65]; hence including them in the group with CRC but not the
reference group may lead to overestimation of the magnitude of the association between CRC
and distress. However, sensitivity analysis using people without any cancer as the reference
group indicated very similar results to those using the general population without CRC as the
reference group, indicating that there were no material changes in effect estimates when those
with other cancers were excluded from the reference group. Due to the small numbers of CRC
survivors with high distress, we considered moderate-to-high distress in our main analysis and
high distress in the sensitivity analysis. The findings for high distress in relation to CRC
diagnosis were similar to those with moderate-to-high distress. Additionally, the confidence
intervals for high distress are narrow for most results, except for CRC survivors diagnosed
more than 10 years previously, which indicate the statistical reliability of most PRs.

Compared to the general population, a significant proportion of people living with CRC
experience physical disability, especially immediately following diagnosis and treatment, and
with more advanced disease. CRC survivors can be reassured that most should have long-
term psychological outcomes similar to other members of the general population and that
psychological outcomes are especially good if people have few limitations in physical
functioning. Identification of needs and support tailored to needs, especially for those with
physical disability, is likely to be of benefit to survivors.

11



Reference

1. Ferlay J Sl, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin D, Forman D,
Bray F. GLOBOCAN 2012: Cancer incidence and mortality worldwide 2014. 2015.
2. Australian Institute of Health and Welfare. Cancer in Australia 2018. Canberra 2018.

3. Claridy MD, Ansa B, Damus F, Alema-Mensah E, Smith SA. Health-related quality of
life of African-American female breast cancer survivors, survivors of other cancers, and
those without cancer. Quality of Life Research. 2018;27(8):2067-75.

4, LeMasters T, Madhavan S, Sambamoorthi U, Kurian S. A population-based study
comparing HRQoL among breast, prostate, and colorectal cancer survivors to propensity
score matched controls, by cancer type, and gender. Psycho-Oncology. 2013;22(10):2270-
82.

5. Sweeney C, Schmitz KH, Lazovich D, Virnig BA, Wallace RB, Folsom AR. Functional
limitations in elderly female cancer survivors. Journal of the National Cancer Institute.
2006;98(8):521-9.

6. Keating NL, Ngrredam M, Landrum MB, Huskamp HA, Meara E. Physical and mental
health status of older long-term cancer survivors. Journal of the American Geriatrics Society.
2005;53(12):2145.

7. Hewitt M, Rowland JH, Yancik R. Cancer survivors in the United States: Age, health,
and disability. Journals of Gerontology - Series A Biological Sciences and Medical Sciences.
2003;58(1):82-91.

8. Ness KK, Wall MM, Oakes JM, Robison LL, Gurney JG. Physical Performance
Limitations and Participation Restrictions Among Cancer Survivors: A Population-Based
Study. Annals of Epidemiology. 2006;16(3):197-205.

9. Baker F, Haffer SC, Denniston M. Health-related quality of life of cancer and
noncancer patients in Medicare managed care. Cancer. 2003;97(3):674-81.

10. Breen SJ, Baravelli CM, Schofield PE, Jefford M, Yates PM, Aranda SK. Is symptom
burden a predictor of anxiety and depression in patients with cancer about to commence
chemotherapy? Medical Journal of Australia. 2009;190(7):S99-S104.

11. Zabora J, BrintzenhofeSzoc K, Curbow B, Hooker C, Piantadosi S. The prevalence of
psychological distress by cancer site. Psycho-Oncology. 2001;10(1):19-28.

12. Boyes AW, Girgis A, Zucca AC, Lecathelinais C. Anxiety and depression among
long-term survivors of cancer in Australia: results of a population-based survey. Medical
Journal of Australia. 2009;190(7):S94-S8.

13. Banks E, Byles JE, Gibson RE, Rodgers B, Latz IK, Robinson IA, et al. Is
psychological distress in people living with cancer related to the fact of diagnosis, current
treatment or level of disability? Findings from a large Australian study. Medical Journal of
Australia. 2010;193(5):S62-S7.

14. Global Burden of Disease Cancer C, Fitzmaurice C, Akinyemiju TF, Al Lami FH,
Alam T, Alizadeh-Navaei R, et al. Global, Regional, and National Cancer Incidence,
Mortality, Years of Life Lost, Years Lived With Disability, and Disability-Adjusted Life-Years
for 29 Cancer Groups, 1990 to 2016: A Systematic Analysis for the Global Burden of
Disease Study. JAMA Oncol. 2018;4(11):1553-68.

15. 45 and Up Study Collaborators. Cohort profile: The 45 and up study. Int J Epidemiol
2008; 37: 941-7.

16. Centre for Health Record linkage. http://www.cherel.org.au/. Accessed 30 Sept 2016.
17. National Centre for Classification in Health. International statistical classification of
diseases and related health problems, 10th revision, Australian modification (ID-10-AM).
Sydney: National Centre for Classification in Health; 2006.

18. Hays RD, Liu H, Spritzer K, Cella D. Item Response Theory Analyses of Physical
Functioning Items in the Medical Outcomes Study. Medical Care. 2007;45(5):S32-S8.

19. Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SLT, et al. Short
screening scales to monitor population prevalences and trends in hon-specific psychological
distress. Psychological Medicine. 2002;32(6):959-76.

12



20. Australian Bureau of Statistics. National Health Survey: First Results, 2014-15.
Canberra; 2015.

21. Australian Institutes of Health and Welfare. Rural, regional and remote health: a
guide to remoteness classifications. Canberra 2004.

22. Kontopantelis E, White IR, Sperrin M, Buchan |. Outcome-sensitive multiple
imputation: a simulation study. BMC medical research methodology. 2017;17(1):2-13.

23. Lee KJ, Roberts G, Doyle LW, Anderson PJ, Carlin JB. Multiple imputation for
missing data in a longitudinal cohort study: a tutorial based on a detailed case study
involving imputation of missing outcome data. International Journal of Social Research
Methodology. 2016;19(5):575-91.

24, Zou G. A Modified Poisson Regression Approach to Prospective Studies with Binary
Data. American Journal of Epidemiology. 2004;159(7):702-6.

25. Wikman A, Djarv T, Johar A, Lagergren P. Health-related quality of life does not differ
between short-term, long-term and very long-term cancer survivors in the Swedish general
population. Psycho-Oncology. 2013;22(6):1369-74.

26. Weaver KE, Forsythe LP, Reeve BB, Alfano CM, Rodriguez JL, Sabatino SA, et al.
Mental and physical health-related quality of life among U.S. cancer survivors: Population
estimates from the 2010 National Health Interview Survey. Cancer Epidemiology Biomarkers
and Prevention. 2012;21(11):2108-17.

27. Wong CKH, Lam CLK, Poon JTC, Kwong DLW. Clinical Correlates of Health
Preference and Generic Health-Related Quality of Life in Patients with Colorectal
Neoplasms. PLoS ONE. 2013;8(3):e58341.

28. Lazovich D, Robien K, Cutler G, Virnig B, Sweeney C. Quality of life in a prospective
cohort of elderly women with and without cancer. Cancer. 2009;115(18):4283-97.

29. Caravati-Jouvenceaux A, Launoy G, Klein D, Henry-Amar M, Abeilard E, Danzon A,
et al. Health-related quality of life among long-term survivors of colorectal cancer: a
population-based study. Oncologist. 2011;16(11):1626-36.

30. Kaiser NC, Hartoonian N, Owen JE. Toward a cancer-specific model of psychological
distress: population data from the 2003-2005 National Health Interview Surveys. J Cancer
Surviv. 2010;4(4):291-302.

31. Hewitt M, Rowland JH. Mental health service use among adult cancer survivors:
Analyses of the National Health Interview Survey. Journal of Clinical Oncology.
2002;20(23):4581-90.

32. Earle CC, Neville BA, Fletcher R. Mental health service utilization among long-term
cancer survivors. Journal of Cancer Survivorship. 2007;1(2):156-60.

33. Lang MJ, Giese-Davis J, Patton SB, Campbell DJT. Does age matter? Comparing
post-treatment psychosocial outcomes in young adult and older adult cancer survivors with
their cancer-free peers. Psycho - Oncology. 2018;27(5):1404-11.

34. Rao W-W, Yang M-J, Cao B-N, You Y-Y, Zhang Y-Y, Zhang XY, et al. Psychological
distress in cancer patients in a large Chinese cross-sectional study. Journal of Affective
Disorders. 2019;245:950-6.

35. Zhao G, Li C, Li J, Balluz LS. Physical activity, psychological distress, and receipt of
mental healthcare services among cancer survivors. Journal of Cancer Survivorship.
2013;7(1):131-9.

36. Hoffman KE, McCarthy EP, Recklitis CJ, Ng AK. Psychological distress in long-term
survivors of adult-onset cancer: Results from a national survey. Archives of Internal
Medicine. 2009;169(14):1274-81.

37. Ramsey SD, Berry K, Moinpour C, Giedzinska A, Andersen MR. Quality of life in long
term survivors of colorectal cancer. American Journal of Gastroenterology. 2002;97(5):1228-
34.

38. Heins MJ, Korevaar JC, Hopman PEPC, Donker GA, Schellevis FG, Rijken MPM.
Health-related quality of life and health care use in cancer survivors compared with patients
with chronic diseases. Cancer. 2016;122(6):962-70.

13



39. Schroevers MJ, Ranchor AV, Sanderman R. Depressive Symptoms in Cancer
Patients Compared with People from the General Population: The Role of
Sociodemographic and Medical Factors. Journal of Psychosocial Oncology. 2003;21(1):1-
26.

40. White AJ, Reeve BB, Chen RC, Stover AM, Irwin DE. Coexistence of urinary
incontinence and major depressive disorder with health-related quality of life in older
Americans with and without cancer. Journal of Cancer Survivorship. 2014;8(3):497-507.
41. Khan NF, Ward AM, Watson E, Rose PW. Consulting and prescribing behaviour for
anxiety and depression in long-term survivors of cancer in the UK. Eur J Cancer.
2010;46(18):3339-44.

42. Kim KH, Cho YY, Shin DW, Lee JH, Ko Y-J, Park SM. Comparison of physical and
mental health status between cancer survivors and the general population: a Korean
population-based survey (KNHANES II-IV). Supportive Care in Cancer. 2013;21(12):3471-
81.

43. Mols F, Schoormans D, de Hingh |, Oerlemans S, Husson O. Symptoms of anxiety
and depression among colorectal cancer survivors from the population-based, longitudinal
PROFILES Registry: Prevalence, predictors, and impact on quality of life. Cancer.
2018;124(12):2621-8.

44. Zhao G, Okoro CA, Li J, White A, Dhingra S, Li C. Current depression among adult
cancer survivors: Findings from the 2010 Behavioral Risk Factor Surveillance System.
Cancer Epidemiology. 2014;38(6):757-64.

45, Sun LM, Liang JA, Lin CL, Sun S, Kao CH. Risk of mood disorders in patients with
colorectal cancer. J Affect Disord. 2017;218:59-65.

46. Dalton SO, Laursen TM, Ross L, Mortensen PB, Johansen C. Risk for hospitalization
with depression after a cancer diagnosis: A nationwide, population-based study of cancer
patients in Denmark from 1973 to 2003. Journal of Clinical Oncology. 2009;27(9):1440-5.
47. Garvey G, Cunningham J, Janda M, Yf He V, Valery PC. Psychological distress
among Indigenous Australian cancer survivors. Supportive care in cancer : official journal of
the Multinational Association of Supportive Care in Cancer. 2018;26(6):1737-46.

48. The American Cancer Society. Colorectal Cancer Facts & Figures 2017-2019. 2017
Available from: https://www.cancer.org/research/cancer-facts-statistics/colorectal-cancer-
facts-figures.html. Accessed 10 March 2020.

49. Bowel Cancer Australia. Living well. 2017. Available from:
https://www.bowelcanceraustralia.org/living-well. Accessed 10 March 2020.

50. Allal AS, Gervaz P, Gertsch P, Bernier J, Roth AD, Morel P, et al. Assessment of
guality of life in patients with rectal cancer treated by preoperative radiotherapy: A
longitudinal prospective study. International Journal of Radiation Oncology Biology Physics.
2005;61(4):1129-35.

51. Guren MG, Eriksen MT, Wiig JN, Carlsen E, Nesbakken A, Sigurdsson HK, et al.
Quiality of life and functional outcome following anterior or abdominoperineal resection for
rectal cancer. European Journal of Surgical Oncology. 2005;31(7):735-42.

52. Peeters KCMJ, van de Velde CJH, Leer JWH, Matrtijn H, Junggeburt JMC,
Kranenbarg EK, et al. Late side effects of short-course preoperative radiotherapy combined
with total mesorectal excision for rectal cancer: Increased bowel dysfunction in irradiated
patients - A Dutch Colorectal Cancer Group Study. Journal of Clinical Oncology.
2005;23(25):6199-206.

53. Rauch P, Miny J, Conroy T, Neyton L, Guillemin F. Quality of life among disease-free
survivors of rectal cancer. Journal of Clinical Oncology. 2004;22(2):354-60.

54. Sideris L, Zenasni F, Vernerey D, Dauchy S, Lasser P, Pignon J-P, et al. Quality of
Life of Patients Operated on for Low Rectal Cancer: Impact of the Type of Surgery and
Patients’ Characteristics. Diseases of the Colon & Rectum. 2005;48(12):2180-91.

55. Cole MG, Dendukuri N. Risk factors for depression among elderly community
subjects: A systematic review and meta-analysis. American Journal of Psychiatry.
2003;160(6):1147-56.

14


https://www.cancer.org/research/cancer-facts-statistics/colorectal-cancer-facts-figures.html
https://www.cancer.org/research/cancer-facts-statistics/colorectal-cancer-facts-figures.html
https://www.bowelcanceraustralia.org/living-well

56. Elmira E, Banks E, Joshy G. To what extent is the elevated risk of psychological
distress in people with diabetes accounted for by physical disability? Findings from a large
population-based study. BMJ Open. 2018;8(8):e022767.

57. Dunlop MG, Tenesa A, Farrington SM, Ballereau S, Brewster DH, Koessler T, et al.
Cumulative impact of common genetic variants and other risk factors on colorectal cancer
risk in 42 103 individuals. Gut. 2013;62(6):871-81.

58. Cancer Australia. Cancer Research in Australia: an overview of funding initiatives to
support cancer research capacity in Australia 2006 to 2011. Cancer Australia; 2015.

59. Buzaglo JS, Miller SM, Kendall J, Stanton AL, Wen K-Y, Scarpato J, et al. Evaluation
of the efficacy and usability of NCI's Facing Forward booklet in the cancer community
setting. Journal of Cancer Survivorship. 2013;7(1):63-73.

60. Quach C, sanoff HK, Williams GR, Lyons JC, Reeve BB. Impact of colorectal cancer
diagnosis and treatment on health-related quality of life among older Americans: a
population-based, case-control study. Cancer. 2015;121(6):943-50.

61. Mealing NM, Banks E, Jorm LR, Steel DG, Clements MS, Rogers KD. Investigation
of relative risk estimates from studies of the same population with contrasting response rates
and designs. BMC Medical Research Methodology. 2010;10(1):26-.

62. Anne-Louise Ponsonby TDaDC. Is this finding relevant? Generalisation and
epidemiology. AUSTRALIAN AND NEW ZEALAND JOURNAL OF PUBLIC HEALTH.
1996;20(1):54-6.

63. Evans DL, Charney DS, Lewis L, Golden RN, Gorman JM, Krishnan KRR, et al.
Mood Disorders in the Medically lll: Scientific Review and Recommendations. Biological
Psychiatry. 2005;58(3):175-89.

64. Pfaff JJ, Draper BM, Pirkis JE, Stocks NP, Snowdon JA, Sim MG, et al. Medical
morbidity and severity of depression in a large primary care sample of older Australians: the
DEPS-GP project. Medical Journal of Australia. 2009;190(7):S75-S80.

15



Table 1 Characteristics of participants with and without CRC in the 45 and Up Study

Age group
45-64
65-79
280
Sex
Male
Female
Educational levels
University graduation
Certificate/diploma
Secondary school graduation
<Secondary school
Missing
Region of residence
Major cities
Inner regional areas
Outer regional and remote areas
Missing
Country of birth
Australia
Not Australia
Missing
Time since diagnosis
Mean
Median
Less than 1 year
1 to less than 2 years
2 to less than 5 years
5 to less than 10 years
10 years and more
Stage
Localised
Regional spread
Metastases
Unknown

Treatment for cancer in the last month

Yes
No

With CRC Without CRC
n=2,395 n=210,836
% (No.) % (No.)

32.0% (767)
49.8% (1,192)
18.2% (436)

59.2% (1,417)
40.8% (978)

36.5% (875)
9.7% (231)
34.2% (820)
18.1% (434)
1.5% (35)

52.1% (1,247)
35.4% (847)
10.9% (260)

1.7% (41)

78.2% (1,872)
21.2% (507)
0.7% (16)

4.78 years

4.22 years

15.6% (374)
12.2% (292)
29.1% (696)
33.4% (801)
9.5% (228)

38.8% (928)
45.3% (1,085)
6.3% (150)
8.6% (205)

20.1% (481)
79.9% (1,914)

67.0% (141,199)
25.9% (54,526)
7.2% (15,111)

47.7% (100,504)
52.3% (110,332)

30.3% (63,931)
9.9% (20,953)
32.9% (69,251)
25.8% (54,366)
1.1% (2,335)

52.3% (110,330)

34.8% (73,381)

11.0% (23,096)
1.9% (4,029)

75.5% (159,107)
24.0% (50,534)
0.6% (1,195)
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Figure 1 Severe physical functional limitations (MOS-PF!<59) in relation to CRC diagnosis and its clinical characteristics

% of severe

Total no. limitations PR* (895% CI)
Without CRC 210 836 11.9% 1 [ ]
CRC survivors 2395 19.5% 1.11 (1.03-1.20) -
Time since diagnosis
<1 year ar4 20.3% 1.33 (1.09-1.62) —a—
1-<2 years 202 17 8% 1.07 (0.85-1.35) —i—
2-<5 years 606 20.6% 1.16 (1.01-1.34) ——
5-<10 years 801 19 5% 1.04 (0.90-1.20) —|I—
=10 years 228 18.0% 0.97 (0.75-1.27) —a—
Stage
Localised 1610 18.5% 1.15 (1.01-1.30) ——
Regional spread 1900 17.4% 1.05 (0.93-1.19) ——
Metastases 474 21.5% 1.48 (1.12-1.96) — .
Recent treatment for cancer
Yes 481 27.9% 1.61 (1.39-1.87) ——
No 1914 17 5% 0.99 (0.90-1.08) —-
2 1 1.5 2

* Adjusted for age, sex, education, residence, and country of birth

IPhysical functioning scale of Medical Outcome Study
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Figure 2 Severe physical functional limitations (MOS-PF!<59) in people with versus without CRC, in various population subgroups

No. % PR (95% CI) P value for
CRC/MNo CRC CRC/Mo CRC CRC vs No CRC interaction
Age group
45-59 50/7.620 11.2%/7.1% 1.51 (1.16-1.96) —a— 0.0013
60-69 100/6.601 13.6%/11.2% 1.24 (1.03-1.48) ——
70-79 166/5.200 21.4%/M8.2% 1.22 (1.06-1.40) —;—
=80 152/5.739 34.9%/38.0% 0.95 (0.84-1.08) ——
Sex
Male 240/10,509 16.9%/10 5% 1.00 (0 97-122) - 04090
Female 228/14.,652 23.3%M3.3% 1.14 (1.02-1.27) ——
Education
University graduation 48/3.048 11.1%/5.6% 1.14 (0.87-1.49) — 0.2446
Certificate/diploma 152/7.362 18.5%/10.6% 1.16 (0.99-1.34) ——
<Secondary school 260/14,256 23.5%/M6.8% 1.08 (0.97-1.19) i
Residence
Major cities 250/13,390 201%M21% 1.09 (0.97-1.21) i 0.9661
Inner Regional areas 162/8,527 19.1%/11.6% 1.13 (0.99-1.30) —
Outer regional and remote  51/2,888 19.6%/12.5% 1.19 (0.94-1.50) -—a—
Country of birth
Australia 365/18,814 19.5%/11.8% 111 (1.01-1.21) il 0.7987
Not Australia 100/6,131 19.7%/M12.1% 1.12 (0.94-1.34) A
Overall 468/25,161 19.5%/11.9% 1.11 (1.03-1.20) E o
2 1 1.5 2

1Physical functioning scale of Medical Outcome Study
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Figure 3 Moderate to high distress (Kessler-10 score 216) in relation to CRC diagnosis and its clinical characteristics

% of moderate to

Total no. to high distress PR* (85% Cl)
Without CRC 210 836 231% 1 I|
CRC survivors 2 395 20 2% 1.03 (0.94-1.11) —
Time since diagnosis
<1 year 374 23.8% 1.12(0.93-1.35) —|—
1-<2 years 202 18.8% 0.98 (0.77-1.25) —&—
2-<5 years 696 21.0% 1.06 (0.92-1.23) —i—
5-<10 years 801 18.1% 0.95(0.81-1.10) —a—
=10 years 228 21.1% 1.10 (0.83-1.43) ——
Stage
Localised 1610 20.8% 1.01 (0.88-1.15) —|.—
Regional spread 1900 10.4% 1.03(0.91-1.16) ——
Metastases 474 24.9% 1.46 (1.14-1.87) —a—
Recent treatment for cancer
Yes 481 26.6% 1.31(1.12-1.52) —i—
No 1014 18.6% 0.95 (0.89-1.05) -

2 1 1.5 2

* Adjusted for age, sex, education, residence, and country of birth
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Figure 4 Moderate to high distress (Kessler-10 score 216) in people with versus without CRC, in various population subgroups

Mo. % PR (95% CI) P value for
CRC/No CRC CRC/No CRC CRC vs No CRC interaction
Age group
45-59 118/29,586 26.4%/27.4% 0.93 (0.80-1.10) —— 0.2457
60-69 129/11,158 17.5%/18.9% 0.92 (0.79-1.09) —a—
70-79 135/4,731 17.4%/16.6% 1.10 (0.94-1.28) |
=80 101/3,173 23.2%/21.0% 1.13 (0.95-1.35) ——
Sex
Male 267/21,256 18.8%/21.2% 0.97 (0.78-1.22) _.I— 0.9405
Female 216/27,393 22 1%/24.8% 0.97 (0.76-1.23) —a—
Education
University graduation 67/11,143 15.4%/20.5% 1.27 (0.83-1.93) — 0.1986
Certificate/diploma 145/M15,587 17.7%/22.5% 0.81 (0.57-1.14) —
=Secondary school 262/21,335 23.7%/251% 0.99 (0.81-1.23) ——
Residence
Major cities 258/25 467 20.7%/231% 0.91(0.72-1.14) —a— 0.5712
Inner Regional areas 167/16,806 19.7%/22.9% 1.10 (0.84-1.43) ——
QOuter regional and remote 50/5,496 19.2%/23.8% 0.91 (0.55-1.51) L
Country of birth
Australia 370/36,138 19.8%/22.7% 0.90 (0.73-1.10) —a— 0.6838
Mot Australia 111/12,209 21.9%/24.2% 1.22 (0.92-1.62) -
Overall 483/48.649 20.2%/231% 1.03 (0.94-1.11) —
1 1.5 2
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Figure 5 Moderate to high psychological distress (Kessler-10 score 216) in relation to CRC diagnosis and physical functional limitations

% moderate to

Total no. high distress PR* (95% CI)
Without CRC 210 836 23.1% 1 I|
With CRC 23085 20.2% 1.03 (0.94-1.11) -
Without CRC
No limitations 74122 15.5% 1 [ |
Minor limitations 61 958 16.0% 1.33 (1.30-1.36) |
Moderate limitations 49 595 28.1% 2.28 (2.23-2.33) a
Severe limitations 25 161 47.9% 4.22 (4.13-4.31) a
With CRC
Mo limitations 463 11.9% 0.93 (0.71-1.20) ——
Minor limitations 670 10.9% 1.07 (0.86-1.34) —il—
Moderate limitations 794 19.8% 2.04 (1.77-2.36) ——
Severe limitations 468 42.3% 471 (4.22-5.26) —-

* Adjusted for age, sex, education, residence, and country of birth
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Supplementary files

Table S1 Study population

With record of

Without record of

CRC in Cancer CRC in Cancer Total
Registry registry
With record of CRC
in APDC 643 27 670
Without record of
CRC in APDC 1,725 210,836 212,561
Total 2,368 210,863 213,231
Table S2 ICD-10 codes of CRC survivors

C18 C19 C20 Cc21
C18 1,464 37 36 2%
C19 37 166 31 o*
C20 36 31 609 3*
Cc21 2% o* 3* 44
Total 1,539 234 679 49

Note: three more participants with C18, C19, and C20

*n<5
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Figure S1 Distributions of MOS-PF 2 scores among patrticipants with and without CRC in

different age groups
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Figure S2 Distributions of Kessler 10 scores* among participants with and without CRC in
different age groups
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Table S3 Crude prevalence of different categories of physical functional limitations among
people with and without CRC

No Minor Moderate Severe
limitations limitations limitations limitations Total No.
% % % %
Without CRC 35.2% 29.4% 23.5% 11.9% 210,836
With CRC 19.3% 28.0% 33.2% 19.5% 2,395
Time since diagnosis
<1 year 18.7% 28.9% 32.1% 20.3% 374
1-<2 years 20.2% 28.8% 33.2% 17.8% 292
2-<5 years 20.1% 26.9% 32.5% 20.6% 696
5-<10 years 18.2% 28.3% 34.0% 19.5% 801
210 years 20.6% 27.2% 34.2% 18.0% 228
Stage
Localised 22.1% 30.0% 29.4% 18.5% 928
Regional 20.5% 29.3% 32.8% 17.4% 1,085
Metastases 19.0% 26.8% 32.7% 21.5% 150
Recent treatment for cancer
Yes 12.3% 22.7% 37.2% 27.9% 481
No 21.1% 29.3% 32.1% 17.5% 1,914

Table S4 Crude prevalence of different categories of psychological distress among people
with and without CRC

Low distress Moderate distress High distress

% % % Total No.

Without CRC 76.9% 15.7% 7.4% 210,836
With CRC 79.8% 14.3% 5.9% 2,395
Time since diagnosis

<1 year 76.2% 15.5% 8.3% 374

1-<2 years 81.2% 14.4% 4.5% 292

2-<5 years 79.0% 14.2% 6.8% 696

5-<10 years 81.9% 12.9% 5.2% 801

210 years 79.0% 18.0% 3.1% 228
Stage

Localized 79.3% 14.0% 6.8% 928

Regional 80.6% 14.3% 5.2% 1,085

Metastases 75.1% 17.3% 7.6% 150
Recent treatment for cancer

Yes 73.4% 18.3% 8.3% 481

No 81.5% 13.3% 5.2% 1,914
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Figure S3 Severe limitations (MOS-PF'<59) in relation to CRC diagnosis and its clinical characteristics, compared to people without cancer

% severe

Total no. limitations PR* (95% CI)
Without cancer 196 191 11.4% 1 a
CRC survivors 2393 19.5% 1.14 (1.05-1.24) ——
Time since diagnosis
<1 year 374 20.3% 1.36 (1.11-1.65) L
1-<2 years 202 17.8% 1.10 (0.87-1.38) &
2-<5 years 696 20.6% 1.18 (1.02-1.36) — .
9-=10 years 801 19.5% 1.06 (0.92-1.22) —
=10 years 228 18.0% 0.99 (0.76-1.29) &
Stage
Localized 1610 18.5% 117 (1.03-1.32) —a—
Regional spread 1900 17.4% 1.07 (0.95-1.21) ——
Metastases 474 21.5% 1.91 (1.14-2.00) &
Recent treatment for cancer
Yes 481 27.9% 1.65 (1.42-1.91) ——
Mo 1914 17.5% 1.01 (0.91-1.11) —a—

* Adjusted for age, sex, education, residence, and country of birth
1Physical functioning scale of Medical Outcome Study
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Figure S4 Moderate to high distress (Kessler 10 score 216) in relation to CRC diagnosis and its clinical characteristics, compared to people
without cancer

% moderate to

Total no. high distress PR* (95% CI)
Without cancer 196 191 23.1% 1 a
CRC survivars 2395 20.2% 1.03 (0.95-1.12) ——
Time since diagnosis
<1 year 374 23.8% 1.13 (0.94-1.36) |
1-<2 years 2092 18.8% 0.99 (0.78-1.27) L
2-<3 years 696 21.0% 1.07 (0.93-1.24) ——
5-<10 years 801 18.1% 0.96 (0.82-1.11) —a—
=10 years 228 21.1% 1.12 (0.86-1.43) &
Stage
Localized 1610 20.8% 1.02 (0.89-117) —a—
Regional spread 1900 19.4% 1.04 (0.92-1.17) —a—
Metastases 474 24.9% 1.48 (1.15-1.89) L
Recent treatment for cancer
Yes 481 26.6% 1.32 (1.14-1.54) —a—
No 1914 18.6% 0.96 (0.88-1.06) —a—

3 1 1.5 2

* Adjusted for age, sex, education, residence, and country of birth
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Figure S5 Prevalence ratios of moderate to high distress (Kessler 10 score 216) according to different physical functional limitations in CRC
survivors and people without cancer

% moderate to

Total no. high distress PR* (95% CI)
Without cancer 196 191 231% 1 I|
With CRC 2395 20.2% 1.03(0.95-112) s =
Without cancer
No limitations 70 767 15.7% 1 [ |
Minor limitations 57 817 18.3% 1.34 (1.31-1.37) |
Moderate limitations 45158 28.5% 227 (2.22-2.32) |
Severe limitations 22 449 48.2% 4.18 (4.08-4.2T) [ |
With CRC
No limitations 463 11.9% 0.93(0.71-1.20) ——
Minor limitations 670 10.9% 1.07 (0.71-1.34) —i—
Moderate limitations 794 19.6% 2.05(1.71-2.36) ——
Severe limitations 468 42 3% 473 (6.71-5.28) —-

* Adjusted for age, sex, education, residence, and country of birth
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Figure S6 Moderate to severe limitations (MOS-PF!< 89) in relation to CRC diagnosis and its clinical characteristics

% moderate to

Total no. severe limitations PR* (95% CI)

Without CRC 210 836 35.5% 1 a

CRC survivors 2395 52.7% 1.12 (1.08-1.16) -

Time since diagnosis

<1 year aT4 52 4% 1.21 (1.09-1.34) ——

1-<2 years 202 51.0% 1.10 (0.99-1.22) —&—

2-<5 years 696 53.0% 1.14 (1.06-1.22) ——

5-=10 years 801 53.4% 1.09 (1.02-1.16) —a—

=10 years 228 52.2% 1.08 (0.95-1.22) ——

Stage

Localized 1610 47 9% 1.08 (1.01-1.14) —a—

Regional spread 1900 50.2% 1.13 (1.07-1.20) ——

Metastases 474 54 2% 1.40 (1.22-1.60) ——

Recent treatment for cancer

Yes 481 65.1% 1.40 (1.31-1.51) —a—

Mo 10614 49 6% 1.05 (1.01-1.10) ——
| | |
9 1 1.5 2

* Adjusted for age, sex, education, residence. and country of birth
1Physical functioning scale of Medical Outcome Study
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Figure S7 High distress (Kessler 10 score 222) in relation to CRC diagnosis and its clinical characteristics
% high

Total no.  distress PR* (95% CI)

Without CRC 210836 7.4% 1 [ |
CRC survivors 2395 5.9% 0.97 (0.82-1.14) —a—

Time since diagnosis

<1 year 374 8.3% 119 (0.84-1.71) —
1-<2 years 292 4.5% 0.78 (0.46-1.32) &

2-<5 years 696 5.8% 1.09 (0.82-1.45) —
5-<10 years =10} 5.2% 0.93 (0.70-1.29) —a—

=10 years 228 31% 0.57 (0.27-1.17) &

Stage

Localized 1610 5.8% 1.12 (0.88-1.44) —a—
Regional spread 1900 52% 0.79 (0.61-1.04) —a—

Metastases 474 7.6% 1.41 (0.85-2.35) &

Recent treatment for cancer

Yes 481 8.3% 1.29(0.94-1.76) -——
No 1914 5.2% 0.89 (0.73-1.08) ——
2 5 1 1.5 2 25

* Adjusted for age, sex, education, residence, and country of birth
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Figure S8 High distress (Kessler 10 score 222) in relation to CRC diagnosis and physical functional limitations

% high
Total no. distress PR* (85% CI)
Without cancer 210 836 7.4% 1
With CRC 2395 5.9% 0.97 (0.82-1.14)
Without CRC
No limitations 74122 4.0% 1
Minor limitations 61058 4.5% 1.34 (1.27-1.41) a
Moderate limitations 49 595 8.7% 292 (2.78-3.06)
Severe limitations 25161 22 1% 7.98 (7.64-8.34) |
With CRC
No limitations 463 3.5% 1.08 (0.64-1.80) -
Minor limitations 670 2.4% 1.09 (0.67-1.76) i
Moderate limitations 794 4.9% 223 (1.63-3.05)
Severe limitations 468 14.7% 7.55 (6.04-0.43) ——
1.5 6 8 10

* Adjusted for age, sex, education, residence, and country of birth
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