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Abstract: Globally, both cancer incidence and survival are increasing. Early cancer detection and improved treat-
ment means many people with cancer will survive for ten or more years following diagnosis. Multimorbidity, defined
as two or more chronic conditions, is up to three times higher in people living with and beyond cancer (LWBC)
compared to the general population. This scoping review summarises the research evidence on the association
between cancer and multimorbidity in people LWBC. It explores five key domains in people LWBC: 1) prevalence of
multimorbidity, 2) association between ethnicity and socio-economic status (SES) and multimorbidity, 3) associa-
tion between health status and multimorbidity, 4) adverse health consequences of cancer and related treatments,
and 5) whether being a cancer survivor impacts treatment received for multimorbidity. It focuses on ten common
cancers with high survival rates: prostate, breast, non-Hodgkin lymphoma, bowel/colorectal, kidney, head and neck,
bladder, leukaemia, uterine and myeloma. A search of Medline, CINAHL, Embase, PsychINFO and Web of Science
databases identified 9,460 articles, 115 of which met the inclusion criteria. Articles were included in the review that
involved multimorbidity in adult cancer patients. An evaluation of the evidence was performed, and a summary of
findings was generated according to Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA)
Extension for Scoping Reviews guidelines. This review included work from 20 countries, most studies were from
the US (44%). The results showed that the most common long-term conditions in people LWBC were: hypertension,
heart conditions, depression, COPD, and diabetes. The most reported incident comorbidities after a cancer diag-
nosis were congestive heart failure, chronic pain, and chronic fatigue. Multimorbidity tended to be higher amongst
people LWBC from ethnic minority groups and those with lower SES. Quality of life was poorer in people LWBC with
multimorbidity. The review identified the need for a uniform approach to measure multimorbidity in cancer patients
across the world. Further research is required to compare multimorbidity before and after a cancer diagnosis, to ex-
plore the association of multimorbidity with ethnicity and socio-economic status and to determine whether a cancer
diagnosis impacts care received for multimorbidity in people LWBC.
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Introduction earlier amongst people living in more deprived
areas [6]. Moreover, members of some ethnic
groups have an increased prevalence of multi-

morbidity, and cancer survivors experience

Multimorbidity is defined as the co-occurrence
of two or more long term conditions (LTC) [1].

Prevalence of one comorbid condition in people
with a cancer diagnosis ranges from 40 to
69% and prevalence of more than two comor-
bid conditions ranges from 12 to 32% [2, 3].
Patterns of multimorbidity vary according to
cancer site and stage, as well as other factors
such as ethnicity, deprivation, and health sta-
tus [4-7]. There is a social gradient in multimor-
bidity, with multimorbidity onset 10-15 years

inferior quality of life [8-10]. Multimorbidity po-
tentially affects every aspect of cancer, from
prevention through detection to end-of-life care,
as well as the development, stage at diagnosis,
therapy, and prognosis.

The number of people living with and beyond
cancer (people LWBC) (also known as “cancer
survivors”) is expanding at a pace of around 2%
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each year worldwide due to rising cancer inci-
dence, early detection, and better treatments
[11]. Improvements in cancer survival over the
last few decades have resulted in a rising num-
ber of long-term survivors; over half of people
LWBC in high-income countries may now expect
to live for 10 years or more [12]. Although a
great advancement, this poses a challenge for
healthcare systems to manage multimorbidity
alongside cancer in an ageing population.

The presence of multimorbidity potentially af-
fects the diagnosis of cancer, the treatment
received, and a person’s healthcare needs. The
detection of cancer may be influenced by multi-
morbidity, with some people having their can-
cer diagnosed sooner due to frequent interac-
tions with healthcare providers, and others
being diagnosed later if their cancer shares the
same symptoms as a comorbid disease, as in
the case of COPD and lung cancer [13]. Cancer
treatment may also be associated with several
long-term sequelae such as chronic pain and
fatigue, sexual dysfunction, anxiety, depres-
sion, and lymphedema [14, 15]. People with
multimorbidity are less likely to receive cancer
treatment with curative intent [13]. The pres-
ence of multimorbidity leads to the increased
complexity of health needs for people LWBC,
which cannot be catered for by a single-disease
model. Hence, a call has been made to enhance
the long-term quality of life for those living with
and beyond cancer, as well as to better under-
stand the needs and experiences of those who
have completed primary cancer treatment [16].

As more and more people are experiencing
cancer as a chronic and life-changing condi-
tion, research on living with and beyond cancer
is becoming a priority at governmental level in
high income countries such as Australia,
Canada, UK and USA [17, 18]. The UK De-
partment of Health made it a policy priority to
meet the needs of people living with and
beyond cancer leading to the formation of
National Cancer Survivorship Initiative in En-
gland and Wales and Scotland’s Better Cancer
Care [19]. In addition, the National Cancer
Research Institute (NCRI) and James Lind
Alliance (JLA) have published “the top 10
research priorities for people living with and
beyond cancer”, their third most important
research priority is to address “how can care
be better co-ordinated for people living with
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and beyond cancer who have complex needs
(with more than one health problem or receiv-
ing care from more than one specialty)” [16].
Understanding the association between multi-
morbidity and living with and beyond cancer
also indirectly lends itself to other research pri-
orities such as the short-term and long-term
psychological impacts of cancer and its treat-
ment (JLA priority five) and how the short-term,
long-term, and late effects of cancer treat-
ments should be (a) prevented, and/or (b) best
treated/managed (JLA priority six) [16].

Multimorbidity impacts people LWBC regard-
less of age, cancer site, stage of cancer and
type of treatment. Previous reviews have fo-
cused on multimorbidity in older people LWBC
(age 65+) [20], the related impact on cancer
treatment [13] or on specific cancers [21]. No
previously published review to date has com-
prehensively examined ethnicity, deprivation,
quality of life, the effects of cancer treatment
and access to care in relation to multimorbidity
among cancer survivors. To address this gap,
this scoping review was undertaken. This scop-
ing review focuses on adults who have complet-
ed their cancer treatment and summarises pre-
viously published research on the prevalence
and nature of multimorbidity. The review also
explores how multimorbidity interacts with: eth-
nicity, social deprivation, quality of life, cancer
treatment, and access to care in this patient
group.

Methods

A scoping review was conducted to fully capture
the diversity of studies since multimorbidity in
people LWBC including a myriad of conditions
and measurements. Scoping reviews map ex-
isting heterogeneous literature, typically on
topics that are complex in nature, and are used
to identify knowledge gaps [22]. To guide our
review, we used an a priori protocol that has
already been published [23]. Methods for this
scoping review were based on Arksey &
O’Malley [24] and Joanna Briggs Institute (JBI)
Guidelines and further enhanced by method-
ological guidelines updated by the JBI in 2021
[25-27]. Preferred Reporting Items for Syste-
matic Reviews and Meta-Analyses-ScR exten-
sion for scoping reviews were followed to report
the results of this scoping review [26, 28]. The
methodology includes identifying the resear-
ch question, identifying relevant studies, study
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Table 1. Inclusion and exclusion criteria based on population-concept-context structure

Inclusion criteria

Exclusion criteria

Population e Cancer survivors
e Adult population (age >18)
e Participants assessed for the presence of multimorbidity
e People LWBC diagnosed with at least one of the ten cancer:
prostrate, breast, non-Hodgkin lymphoma, bowel/colorectal, kid-
ney, head and neck, bladder, leukaemia, uterine and myeloma [30]
Concept Studies assessing:

e Multimorbidity burden

e Quality of life in relation to multimorbidity

e Multimorbidity arising from cancer treatment
e Healthcare use in relation to multimorbidity

e Childhood cancer survivors

e Cancer related drugs/drug trials
e Being a person LWBC was not an
inclusion criterion of the study
e Primary outcome is mortality
e Focuses on health behaviour

Context e Any geographical setting
e Any care setting

Type of evidence e Published between January 1990 and December 2021

e Published in English
e Peer reviewed articles

e Paediatric setting or childhood cancer
centres

® Reviews, commentaries, and editorials

e Qualitative study design
e Grey literature [113]

e Primary research, quantitative or mixed-methods study design

selection, charting the data collating, summa-
rising, and reporting the results [29].

Identifying the research question

Research questions were derived using Po-
pulation-Concept-Context structure (PCC) rec-
ommended by the Joanna Briggs Institute [25].
For the purpose of this review, the population
is adult cancer survivors aged over 18. We lim-
ited the study to ten common cancers with
good survival since the focus is on cancer sur-
vivors (using the ten most common cancers
with the highest survival rate in the UK as a
guidance [30]). The concept was multimorbidi-
ty; the context was any geographical setting
and any care setting excluding paediatrics or
childhood cancer centres.

The following research questions were explored
in relation to people LWBC:

1) What is the reported overall prevalence of
multimorbidity?

2) Is there any association between multimor-
bidity, and ethnicity or social deprivation?

3) What is the health status (as defined by the
authors of the included studies) of cancer survi-
vors; and how does this compare in those with,
or without, multimorbidity?

4) What are the reported risks for survivors
experiencing adverse health consequences
and multimorbidity arising from their cancer
diagnosis or cancer treatment?

4348

5) Does being a cancer survivor affect the care
received for multimorbidity, and, if so, in what
way?

Identifying relevant studies

Initially, a research librarian facilitated the gen-
eration of search terms, which were subse-
quently reviewed and refined by all authors.
Preliminary searches were conducted in Med-
Line and adapted for EMBASE, PsychINFO,
Web of Science and Cumulative Index of
Nursing and Allied Health Literature (CINAHL).
The search terms used were pre-defined and
exhaustive and are available in the published
protocol [23]. Titles, abstracts, Medical Subject
Headings (MeSH) terms, and keywords were
queried. Searches were restricted to English
language articles with a quantitative/mixed-
methods study design and carried out in Janu-
ary 2022, including articles from 1990-January
2022. Only publications after 1990 were con-
sidered for inclusion, because “comorbidity”
was introduced as a MeSH term in 1990.

Inclusion and exclusion criteria

Studies were considered for inclusion if they
included multimorbidity in cancer survivors. As
the focus of this review is survivorship, we
excluded studies with mortality as a primary
outcome. The inclusion and exclusion criteria
are given in Table 1.

Data synthesis

To facilitate the research selection process,
literature search results were uploaded to Ray-
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Electronic database searches:
Qvid (n = 3,964)
CINAHL (n = 1,989)
Embase (n = 3,302)

Web of Science (n = 205)
Total (n = 9460)

Figure 1. PRISMA Flow diagram of article in-
clusion in this review.

Y

Records after duplicates removed
(n =8,180)

r

Number of abstracts screened
(n=8,180)

Duplicates removed (n = 1,280)

Y

Articles eligible for inclusion
(n=136)

Articles excluded on the basis of
inclusion/exclusion criteria (n = 8,044)
1.

ahwn

Cancer is not the main focus of the study
(n=4,567)

Not focusing on cancer survivors (n = 2,930)
Childhood cancer (n=440)

Not primary research (n = 61)

Not in biomedical domain (n= 46)

h 4

Full text included in the review (n = 115)

yan Systematic Review software [31]. Two au-
thors (TAA and DPQG) reviewed each abstract
independently for inclusion. TAA and DPG then
independently reviewed all full texts and deter-
mined whether they should be in the final sam-
ple for extraction. In the event of disagreement,
any reason for exclusion was documented by
the authors and was resolved through discus-
sion with senior author SJCT. TAA developed
the data extraction form and extracted data
from all the included studies. SJCT checked
the data extraction tables for completeness
and accuracy in a randomly selected 10% sam-
ple of the papers (97% agreement was reach-
ed, disagreements were resolved through dis-
cussion). A formal quality assessment was not
conducted as it is not part of scoping review
methodology [24]. The PRISMA flowchart [32]
of included studies is presented in Figure 1.

Summarizing and reporting the results

Study findings were narratively synthesised,
structured according to the research questions
identified for this review.
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Full text article not available (n = 21)

Results

The search of the electronic databases identi-
fied 9,460 articles, 1,280 of which were dupli-
cates. 8,180 articles were screened using titles
and abstracts by TAA and DPG, which resulted
in 8,044 articles being excluded. 115 studies
were eligible for inclusion in the final review
(reasons for exclusion are given in Figure 1). Of
the included studies, 63 were cross-sectional
studies, 28 were retrospective cohort studies,
22 were prospective cohort studies and 2 were
case-control studies. Forty-three studies (37%)
focused on several types of cancers, where-
as the remainder focused on specific cancers
(Figure 2). Study settings varied: 44 (38%) stud-
ies used a cancer registry as the data source
for analysis to identify people LWBC; 31 (27%)
studies used population-based databases and
21 studies (18%) collected data from special-
ised cancer centre (Figure 3). Population-based
databases included primary care data linked to
cancer registry, electronic healthcare data and
population surveys. The characteristics of the
included studies are summarised in Figure 2.
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Location of included studies Cancer site

Taiwan
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Figure 2. Characteristics of included studies (location of included studies and cancer site).
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‘ Study Settings |
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Figure 3. Breakdown of study setting.
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Table 2. Number of comorbidities in people living with and beyond cancer compared to general popu-

lation

Author Type of cancer Sample size

Prevalence of comorbidity (in addition
to cancer) in cancer survivors
(brackets = non-cancer controls)

Mao J (2007) Any cancer except 1,904 cancer survivors and 29,092 1 LTC: 39.1% (18.1%)

Melanoma controls

Ng H (2018) Any cancer
controls

2 LTCs: 12.2% (3.9%)
3 or more LTCs: 9.5% (1.6%)

5,829 cancer survivors and 34,385 1-2 LTCs: 46% (50.5%)

3-4 LTCs: 31% (19.3%)
5+ LTCs: 11% (4.3%)

The studies included in this review were geo-
graphically diverse. Almost half of the studies
were conducted in the United States (n = 51),
whereas one-third was conducted in Europe (n
= 38) and rest were in Asia (n = 12), Australia/
New Zealand (n = 8) and Canada (n = 5) (Figure
2). Multimorbidity in cancer survivors is multi-
faceted, and most studies examined more than
one theme. The key characteristics of all in-
cluded studies are presented in detail in

Supplementary Table 1.

Prevalence of multimorbidity in cancer survi-
vors

Forty-two studies (37%) reported the preva-
lence of comorbidities in people LWBC (various
cancer sites), with 28 studies using no compari-
son group and 14 studies using the general
population as a comparator. The number of
LTCs explored in the included studies ranged
from 1 to 50. Sixteen of these studies used
self-reported questionnaires or forms to collect
data, whereas twenty-six studies used data
from electronic health records. The two largest
studies comparing the number of comorbidities
in people LWBC vs the general population are
described in Table 2.

The prevalence of multimorbidity among can-
cer survivors varied based on the population
studied, the type of cancer, and the methodolo-
gies used. Overall, the most commonly report-
ed comorbidity was hypertension (mean pre-
valence 41.3% (range 12.6-63.6%); n = 19
studies), depression (mean 17.9%), heart con-
ditions (mean 17.3%), COPD, diabetes, psycho-
logical and cerebrovascular conditions (Table
3). The prevalence of multimorbidity varied by
cancer sites. The most common LTC in breast
cancer patients was hypertension (mean pre-
valence 36.3%) and chronic pain (18.3%), fol-
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lowed by hypertension (44%) in prostate cancer
patients and hypertension (43%) and arthritis
(32%) in colorectal cancer patients.

The three largest studies exploring prevalence
of multimorbidity were those by Ng, Sarfati
and Strongman [33, 34]. Ng et al’s study involv-
ing 40,214 Australian participants found the
prevalence of 1-2 LTCs was similar amongst
cancer survivors and the general population
(46% vs 50%), but survivors had a higher preva-
lence of 3-4 LTCs (31% vs 19%) and of 5 or
more LTCs (11% vs 4.3%) when compared to
the general population [35]. This was consis-
tent with other large studies conducted in the
USA, UK, and New Zealand [33, 34, 36, 37].

Sarfati et al's study with 14,096 people LWBC
from New Zealand found that the most com-
mon LTCs were hypertension (prevalence 8.0-
20.9%), cardiac conditions (2.1-13.5%) and
diabetes with and without complications (2.3-
13.3% and 2.9-12.9%), respectively from a list
of 50 different LTCs in cancer survivors [33].
Strongman and colleagues’ study including
108,215 British cancer survivors (from 20
most common cancers) found a substantially
increased risk of venous thromboembolism for
most cancers (18 out of 20), increased risk of
heart failure or cardiomyopathy in survivors of
non-Hodgkin lymphoma, leukaemia, multiple
myeloma, breast, bladder and kidney cancer
compared to 523,541 controls without a histo-
ry of cancer matched for age, gender and gen-
eral practice (GP). The authors found a >50%
increase in risk of heart failure after a diagno-
sis of haematological, oesophageal, lung, kid-
ney, and ovarian cancer. Venous thromboem-
bolism risk remained elevated for at least 5
years after cancer diagnosis, even among peo-
ple with no record of receiving chemotherapy,
suggesting long-term effects of the underlying
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Table 3. Average prevalence of the most reported comorbidities (in order of prevalence)

Name of comorbidity

Mean reported
prevalence (range)

Number of studies reporting

Hypertension
Depression

Heart conditions (Myocardial infarction, heart  16.30% (3.3-57.2%)

attack, coronary bypass, angioplasty, or stent)

COPD 13.73% (5-26.4%)
Diabetes 13.43% (4.3-27%)

41.26% (12.6-63.6%) 19 studies [33, 34, 36, 41, 47, 53, 100, 101, 114-124]
17.86% (4.1-48.2%)

14 studies [41-43, 47, 48, 51, 53, 114, 115, 118-121,
125]

20 studies [40, 41, 53, 102, 115-118, 120, 121,
125-128]

9 studies [41, 53, 103, 116, 118, 120, 121, 123, 125]

23 studies [33, 34, 36, 41, 47, 52, 53, 100, 101, 103,
115-119, 121-128]

Psychological conditions (Anxiety, depression, 9.73% (2.85-14.70%) 15 studies [42-47, 49-52, 55, 122, 124, 129]

dementia & bipolar disorder)

Cerebrovascular conditions (Stroke, TIA, or
requiring carotid surgery)

7.04% (1.64-18%)

14 studies [36, 40, 41, 47, 52, 53, 103, 116-118,
120, 126-128]

malignancy and/or endocrine therapies or con-
founding by shared risk factors [34]. In contrast
other studies have found that venous thrombo-
embolism risk was only elevated immediately
after diagnosis [38, 39]. The incidence of heart
failure increased with time from cancer dia-
gnosis [34]. Incidence of arrhythmia, coronary
artery disease, and heart failure at 5 years
after cancer diagnosis was found to be much
higher compared to matched controls, a finding
not seen in previous studies [34]. A Canadian
study with 81,418 survivors that explored new
onset of cardiovascular disease after cancer
diagnosis reported that colorectal cancer survi-
vors were mostly predisposed to arrhythmias
(15.4% incidence proportion) and chronic heart
failure (7.2%) whereas prostate cancer survi-
vors were most at-risk for myocardial infarction
(6.3%) and cerebrovascular accidents (8.2%)
when compared to other cancer survivors [40].
An American study involving 51,950 breast
cancer survivors aged >66 years reported hy-
pertension as the most common new condition
following cancer diagnosis [41].

Of the studies reporting psychological condi-
tions (n = 15), one third (5) made comparison to
the general population [42-45]. Eight studies
included survivors from multiple cancer sites
[42-47] and seven were single cancer studies.
In general, cancer survivors experienced worse
mental health compared to controls, in particu-
lar experiencing higher prevalence of anxiety
and depression. The largest study included in
this review describing psychiatric comorbidities
involving 87,843 South Korean people with a
breast cancer diagnosis [48] found that in the
year preceding cancer diagnosis, 9.5% (n =
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8430) were diagnosed with a mental health
condition, most of which were depression
(38.6%) or anxiety (32.5%). The overall frequen-
cy of a mental health disorders being reported
peaked within one month after cancer diagno-
sis, but gradually attenuated over the following
six years. Depression was highest in younger
people, and anxiety was higher in older people.
However, another study found no significant dif-
ference in prevalence of common mental disor-
ders (CMD-included anxiety, mood and sub-
stance misuse disorders) amongst cancer
survivors compared to cancer-free individuals
six year after cancer diagnosis (Adjusted odds
ratio (AOR) = 0.95, 95% Cl 0.82-1.11), suggest-
ing that the initial increase in CMD after diagno-
sis may represent an adjustment problem to
cancer rather than a consequence of cancer
[49]. However, in long-term cancer survivors,
the prevalence for anxiety and depression were
above 30% and further exacerbated by the
presence of multimorbidity [50-53]. Similar
patterns of CMD were characterised in high-
income and low-middle-income countries [50].

Association between multimorbidity and eth-
nicity or social deprivation

From the 115 identified studies included in this
scoping review, 11 studies (10%) explored the
association between multimorbidity, ethnicity
and/or social deprivation in cancer survivors.
Although the prevalence of comorbidity and
distribution of socioeconomic status (SES) var-
ied greatly across the studies of different can-
cer types, the gradient of increasing comorbid-
ity with lower SES was apparent [5, 7, 54, 55].
The comorbidities included physical and men-
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tal health conditions. Andrykowski et al.’s stu-
dy with 1,300 Dutch colorectal cancer survi-
vors found that high SES survivors were aro-
und 50% less likely than low SES survivors to
report clinically important levels of anxiety and
depression symptoms [54]. However, the
authors also found that relative to high SES
survivors, lower SES survivors reported greater
positive mental health outcomes on 2 of 5
mental health indices examined (Positive Self-
Evaluation & Meaning of Cancer) [54]. Aart et
al.’s study argued that comorbidity was strongly
associated with low health-related quality of
life (HRQOL) rather than SES [5]. Pinheiro et
al.’s study reported spiritual HRQOL was signifi-
cantly better for Black cancer survivors and not
attenuated by SES [10], a similar finding to
Andrykowski et al.’s study [54].

All included studies (n = 6) exploring the asso-
ciation between ethnicity and comorbidity in
cancer survivors were conducted in the USA or
Australia. Comparisons were made between
White, African American, Hispanic, and Latin
American cancer survivors (majority white pop-
ulation). All studies found that membership of a
non-white ethnic group was associated with
higher prevalence of comorbidity [4, 8-10, 46,
56]. Penedo et al.’s study from the USA found
that 37% of the variance in QOL scores was
explained by three factors: medical comorbidi-
ty, physical activity, and social functioning [4].
The association between ethnicity (African,
American, and Hispanic) and lower QOL appe-
ared to be partially explained by health behav-
iour components such as physical activity,
food, sleep, and alcohol intake, with each fac-
tor adding significant incremental variance (5%,
5% and 17% of variance, respectively). There-
fore, rather than ethnicity and SES, variations
in sleep functioning and physical activity may
be some of the confounding factors that con-
tribute to differences in QOL. An Australian
study found that migrant cancer survivors also
experienced increased anxiety, depression and
low QOL compared to white Australians [46].

Health status and quality of life

26 studies (23%) explored the health status
of cancer survivors. The terms health status,
health-related quality of life (HRQOL) and qual-
ity of life (QOL) are used interchangeably in the
literature. Thus, here we report health status
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as defined by the authors of the studies. A sum-
mary of the various instruments used in stud-
ies reporting on “Quality of Life” is available on
request from the authors.

Most of the studies suggested that the pres-
ence of comorbidity was associated with poor-
er QOL and lower HRQOL scores among cancer
survivors. In haematological cancers, such as
leukaemia, survivors with two or more comor-
bidities were twice as likely to have worse
HRQOL scores compared to survivors without
any comorbidity [57, 58]. Comorbidity explain-
ed more variance in physical and emotional
function, pain, and fatigue in cancer survivors
than sociodemographic and cancer character-
istics, regardless of cancer type [59-63].

In contrast, a study led in eight low- or medium-
income Southeast Asian countries reported
that cancer stage at diagnosis, rather than
comorbidities, was the most important predic-
tor of poor HRQOL and psychological distress
[50]. Eakin’s study conducted in Australia found
that long-term cancer survivors reported sub-
stantial decline in health status, days out of
role, and mental well-being (all P<0.02), but not
in quality of life when compared with matched
cancer-free controls [64].

Overall, most studies found that cancer survi-
vors reported poorer QOL compared to people
without a cancer diagnosis, even after match-
ing for common characteristics such as age,
gender, and comorbidities at diagnosis. Due to
the wide range of measures reported in the
included studies, it was not possible to provide
an aggregate summary of the impact of cancer
on QOL. Cardiovascular diseases were found to
have the greater negative impact on QOL than
other diseases [65-67]. According to Poll-Fran-
se et al’s study of prostate cancer survivors
from Netherlands [65], men with cardiovascu-
lar disease had worse baseline physical HRQOL
and showed worse scores over time in this
domain compared to matched controls (P =
0.003). The negative effect of cardiovascular
disease on physical HRQOL over time appeared
to be stronger for those with worse baseline
scores (P = 0.07). Another study of breast can-
cer survivors found that cardiovascular diseas-
es and depression had the strongest associa-
tion with lower HRQOL [66]. Colorectal cancer
survivors with cardiovascular illnesses had a
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worse QOL than those with other comorbidities,
according to a Chinese study [62]. One study
involving prostate cancer survivors found that
men with existing diabetes had the poorest
score on general and cancer specific HRQOL
and non-diabetic men had the best scores,
regardless of type of treatment for cancer [67].

Adverse health consequences and multimor-
bidity arising from cancer/cancer treatment

Thirty-three (29%) studies explored adverse
health consequences and morbidity arising fr-
om cancer or cancer treatment, almost half of
which (n = 16) involved breast cancer survivors.
Eight of the studies explored the impact of che-
motherapy, either alone or in comparison to
radiotherapy. All studies except one reported
higher symptom burden, such as hot flushes,
night sweats, numbness/tingling, fatigue and
poorer QOL using chemotherapy treatment [68-
74]. Battaglini et al.s study [75] conducted in
Australia reported that survivors with severe
chemotherapy induced peripheral neurotoxicity
(CIPN) (76.5%) had a worse QOL, more comor-
bidities, a higher BMI, and were more likely to
report being treated with several neurotoxic
chemotherapies than those with moderate
CIPN. When comparing respondents who com-
pleted chemotherapy >6 years ago to those
who completed chemotherapy <1 year ago,
there was no difference in reported CIPN or
pain levels. Ganz's study [76] focusing on long
term survivors of breast cancer revealed that
past chemotherapy was a significant predictor
of a poorer QOL. The only study contradicting
this trend was Bloom et al.'s study [77] con-
ducted in the USA with 185 survivors (5 years
post diagnosis), which found that women who
were treated with chemotherapy had better
physical QOL compared to those that did not
have chemotherapy.

Two studies compared radiotherapy and che-
motherapy treatment for people with breast
cancer. Hooning et al.’s study with 4,410 survi-
vors of 10+ years reported a higher risk of con-
gestive heart failure in those who underwent
radiotherapy in addition to adjuvant chemo-
therapy (cyclophosphamide, methotrexate, and
fluorouracil after 1979) when compared to peo-
ple treated with radiotherapy alone (Hazard
Ratio (HR) = 1.85, 95% Cl = 1.25 to 2.73; P =
0.002) [70]. Schmidt et al.'s study found that
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among people who received both chemothera-
py and radiotherapy, 61.4% reported higher,
30.0% reported the same, and 8.6% reported
lower fatigue levels during chemotherapy com-
pared to radiotherapy [74].

The effects of treatment differed depending on
the cancer site. Eight studies explored the
impact of colorectal cancer and its treatment.
Negative associations with treatment included
increased risk of pelvic fractures [72], demen-
tia [78], sexual inactivity, dysfunction and dys-
pareunia [79], increased bowel problems and
faecal incontinence [80] and fatigue [80] for
colorectal cancer survivors. For prostate can-
cer survivors, adverse treatment effects includ-
ed subsequent risk of rectal cancer (HR = 1.14,
95% Cl = 1.02 to 1.27) [81], urinary problems
after prostatectomy and bowel problems after
radiotherapy, urinary incontinence (23-48%),
bowel leakage (5-14%) and erection problems
(40-74%) [82]. Survivors of prostate cancer
with Androgen Deprivation Therapy (ADT) had a
higher risk of any fracture, hip fracture and
major osteoporotic fracture (MOF) but not of
non-skeletal fall injury [83] and a significantly
higher risk of developing cardiovascular condi-
tions, depression, diabetes, gastric acid disor-
ders, hyperlipidaemia, osteoporosis and pain/
pain-inflammation compared to those without
ADT treatment [44]. For genitourinary cancer
survivors the most frequently reported asso-
ciations with treatment were lower urinary tract
symptoms, genital organ disorder and long-
term comorbidities such as renal failure, uri-
nary tract infections, and non-malignant breast
conditions, persisting 5-10 years after cancer
treatment [84-87]. For head and neck cancer
survivors, the most commonly reported associ-
ated conditions were late effect lymphedema,
hearing loss and tinnitus [88, 89].

Care received by cancer survivors for multi-
morbidity

Only three studies explored whether being a
cancer survivor affected the care received for
multimorbidity [45, 90, 91]. The largest of
these studies looking at 21,366 British people
diagnosed with breast, colorectal or prostate
cancer, found that history of cancer was not
associated with poorer management of chronic
diseases such as hypertension, diabetes and
cerebrovascular diseases, or coronary artery
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diseases [91]. In this study, chronic disease
management was measured by number of Qu-
ality and Outcomes Framework (QOF) financial-
ly incentivised clinical indicators present for
blood pressure, cholesterol and haemoglobin
A1C (HbA1c) levels. There were some dispari-
ties in monitoring received by cancer survivors
towards the end of life, but the numbers were
too small for a formal multivariate subgroup
analysis to explore this further. A similar study
including 8,661 US cancer survivors (breast,
colorectal and prostate) reported that only
breast cancer survivors received equivalent
care on both chronic (odds ratio [OR] = 1.06,
95% Cl = 0.96 to 1.17) and acute (OR = 0.92,
95% Cl = 0.76 to 1.13) indicators compared to
17,332 controls [45]. Colorectal cancer survi-
vors were less likely to receive adequate treat-
ment on both chronic (OR = 0.88, 95% Cl =
0.81 to 0.95) and acute (OR = 0.72, 95% Cl =
0.61 to 0.85) indicators. Prostate cancer survi-
vors were more likely to receive appropriate
chronic care (OR =1.28,95% Cl =1.19t0 1.38)
but less likely to receive quality acute care (OR
=0.75,95% Cl = 0.65 t0 0.87) [45]. Appropriate
chronic care was measured by the number of
visits to a GP and the frequency of tests, such
as being tested for cholesterol, haemoglobin or
fructosamine every 6 months. Arora et al’s
study [90] looking at perceptions of cancer fol-
low-up care found that the perception of the
quality of care was positive in all aspects except
two: discussion about health promotion and
physician’s knowledge of people LWBC. In
adjusted analyses, individuals without private
health insurance (P<0.02) and Hispanic and
Asian survivors reported lower timeliness of
care than white survivors (P<0.001). Survivors
with various comorbidities scored higher on
timeliness of care (P<0.01) and medical knowl-
edge (P<0.05) than survivors without comor-
bidities.

Discussion

The findings of this scoping review of 115 pri-
mary research articles highlight the significant
burden of multimorbidity among people LWBC.
The five domains explored in this review are
interrelated. For instance, a high prevalence of
multimorbidity is associated with a lower quali-
ty of life and higher prevalence of multimorbid-
ity is associated with lower socio-economic sta-
tus and ethnic group. Access to care may be
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influenced by ethnicity, language barriers and
socioeconomic status. Additionally, cancer or
the adverse effects of cancer treatment, mi-
ght cause or exacerbate multimorbidity, further
degrading the quality of life. Although the stud-
ies that explored relationships between ethnic-
ity, socio-economic condition, access to care
and quality of life support an interplay of these
elements with multimorbidity, the review failed
to identify any mediator analyses in the cancer
survivorship literature to date examining these
relationships.

This is the first study to systematically explore
and synthesise the existing literature on asso-
ciations between cancer survivorship and mul-
timorbidity. The survivors presented in this re-
view varied in age at cancer diagnosis from 18
through 65 years of age or older and as well as
in time since diagnosis, both of which affect
multimorbidity. The findings suggest preva-
lence of multimorbidity in people LWBC are
consistently up to three times higher compared
to people who were not people LWBC [33, 35,
36]. There are several plausible explanations
for this. The first of these is age: older age is
associated with an increased risk of cancer
[92] and other long-term conditions [93]. Se-
condly, comorbidity-related biological pathways
may predispose to cancer. For example, hyper-
tension is linked with a higher incidence of
breast [94, 95] and renal cancers [96]; diabe-
tes is associated with an increased risk of sev-
eral cancers, including breast, colorectal, en-
dometrial, pancreatic and liver cancers [97,
98]. Thirdly, cancer and comorbid conditions
share common risk factors. Although shared
risk factors for diabetes and cancer (such as
obesity) may play a role in these correlations,
there are distinct molecular mechanisms that
link diabetes and cancer. High circulating levels
of insulin and other insulin-like growth factors
increase cellular proliferation and alter pro-
grammed cell death (apoptosis), raising the risk
of cancer [97]. It is also possible that increas-
ed incidence of LTCs reported in people after
cancer diagnosis was due to the greater inter-
action with healthcare system rather than LTCs
being a consequence of cancer [41].

The most frequent multi-morbidities in people
LWBC, in order of prevalence, were hyperten-
sion, heart conditions, depression, diabetes
and COPD. However, hypertension is very prev-
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alent in the general population [99] and these
diagnoses may not necessarily be due to
the underlying malignancy/complications. This
may be explained by increased incidental
detection due to increased healthcare contact.
Haematological, colorectal, and prostate can-
cer survivors reported increased heart condi-
tions compared to the cancer free controls [34,
40]. In prostate cancer patients, the most com-
mon comorbidity after cancer diagnosis was
myocardial infraction and cerebrovascular acci-
dents [44, 65, 100, 101]. In colorectal cancer
survivors, it was arrythmia, chronic heart fail-
ure and sexual dysfunction [60, 79, 101-103].
There was >50% increase in risk of heart failure
after diagnosis of haematological, oesopha-
geal, kidney, and ovarian cancer survivors com-
pared to non-cancer controls [34, 101]. People
LWBC also had higher prevalence of depres-
sion and anxiety, which was further intensified
by the presence of comorbidity [49-53]. It was
difficult to ascertain whether these conditions
are a precursor to cancer as most of the includ-
ed articles focused on overall prevalence or
incidence after diagnosis only. There is a gap in
the literature comparing comorbidities before
and after cancer diagnosis.

The prevalence of multimorbidity tends to be
higher amongst people LWBC from minor eth-
nic groups compared to majority white popula-
tions and those with lower socio-economic sta-
tus (SES) compared to those with higher SES
[5, 104]. This trend was independent of other
sociodemographic characteristics such as age,
gender, marital status, and education. These
patterns are also seen in the general popula-
tion [105, 106]. However, two studies reported
Black cancer survivors scored higher in scales
of spiritual HRQOL compared to whites [10,
54]. Only eleven studies were found exploring
the impact of multimorbidity and ethnicity or
socio-economic status in cancer survivors, indi-
cating there is a need for more research.

The impact of multimorbidity on the quality of
life of people LWBC is extensively documented
in the literature and described in 26/115 stud-
ies. Most studies included in this review used
various validated instruments of “Quality of
life” or “Health related quality of life” to mea-
sure health status. Almost all studies reported
that the presence of comorbidity leads to lower
quality of life in people LWBC regardless of can-
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cer type [57, 59, 76, 107]. Pre-existing cardio-
vascular disease and diabetes in particular
were associated with poorer QOL in breast,
prostate, and colorectal cancer survivors [62,
65, 66]. Two studies suggested that other fac-
tors such as stage at diagnosis of cancer, days
out of work and mental well-being had a greater
impact on quality of life than the presence of
comorbidities [50, 64]. This might be because
the relative contribution of cancer and its
treatment to a person’s overall impression of
quality of life is so large that it “overrides” the
influence of comorbidities for many people.
Nonetheless, a greater disease burden is link-
ed to higher healthcare needs and associated
costs, higher risk of disability, higher risk of
financial strain, and resulting socioeconomic
disadvantage. All of these are linked to a lower
quality of life.

Adverse health consequences from cancer
itself and its treatment were reported from
almost all studies examining this phenomena,
although the magnitude of the effects differed
depending on the type of cancer and the length
of time since diagnosis. In studies including
cancer survivors across a wide range of can-
cers, the most commonly reported health con-
sequences were pain, depression and chronic
fatigue [68, 71, 74, 108]. The treatment related
consequences remained even years after diag-
nosis. People living with and beyond breast
cancer who were undergoing chemotherapy
reported hot flushes, night sweats, numbness/
tingling, fatigue and poorer QOL [75, 76]. There
were higher levels of fatigue [74] and a higher
risk of congestive heart failure in people with
breast cancer who underwent radiotherapy in
addition to chemotherapy [70]. For those with
colorectal cancer, long-term side-effects of ch-
emotherapy were associated with an increased
risk of dementia, osteoporosis, erectile dys-
function [78] and female sexual problems [79].
Treatment with radiotherapy has been associ-
ated with increased bowel problems and faecal
incontinence [80], increased risk of pelvic frac-
tures, and odds of sexual dysfunction and dys-
pareunia [79]. Similarly, for people with pros-
tate cancer, urinary problems were common
after prostatectomy and bowel problems were
mostly common after radiotherapy [82]. The
amount to which treatment are tolerated will, of
course, be determined by a variety of compli-
cated interrelated factors, such as the cancer
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treatment, stage at diagnosis, pre-existing co-
morbidities, baseline health condition and age.

Little difference was found in terms of care
received for multimorbidity between those who
were and were not LWBC in studies included in
this review, however only three studies add-
ressed this topic. This suggests more research
is required in this area to fully understand
whether comorbidity impacts on care delivery
for people LWBC. The presence of comorbidity
in addition to cancer poses a substantial ch-
allenge to health care systems focused on
increased specialisation in secondary care
[109]. The delivery of care to people LWBC with
multimorbidity necessitates extensive coordi-
nation both inside the cancer setting and th-
roughout the wider health-care system, includ-
ing community-based care [110]. While there
are well-established models of care for manag-
ing chronic illnesses, many of them exclude
cancer, thus little is known about how well they
apply to people LWBC [109].

The scoping review found various indices were
used to measure multimorbidity in cancer sur-
vivors, the most common being Charlson
comorbidity index (CCl). Although it is very use-
ful in measuring comorbidity, there are a few
disadvantages in using CCI for cancer survi-
vors. This index does not measure some of
most prevalent conditions in this group such
as chronic pain, chronic fatigue, depression,
anaemia, and constipation, hence it cannot
detect the burdens of these comorbidities. CCl
was developed by only including conditions that
are associated with poorer survivals in general
population [111], these conditions may not be
the same for cancer survivors. For example,
some conditions comprised in the CCI have
been found to poorly influence survival among
colorectal cancer patients (i.e., peptic ulcer dis-
ease), while others having an impact (i.e.,
weight loss) were not included in this index
[112]. As CCl focuses on conditions that impact
survival, it might not be appropriate for studies
that focus on other impacts such as quality of
life, which is far more important area of re-
search for cancer survivors. Hence, there is a
need for developing a comorbidity index to
measure comorbidities that impact cancer sur-
vivors only.

One key strength of this review is that is it the
first to systematically identify, explore and map
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five key domains relating to multimorbidity in
cancer survivors. Although some reviews previ-
ously summarised findings from one aspect of
multimorbidity in cancer survivors or focused
on cancer survivors from one type of cancer,
no studies to date have combined all these
aspects in one review.

There are some limitations to this review. First,
as this review included ten types of cancer, it
was impossible to summarise the impact of
each type of cancer on each of the areas ex-
plored due to the heterogeneity of the included
studies. The literature reflects a wide range of
indices or methods to measure multimorbidity,
making it difficult to draw conclusions ab-
out the breadth and depth of multimorbidity in
this population. Secondly, some terms such as
“health status”, “comorbidity” and “multimor-
bidity” are very broad. Although an attempt was
made to include all synonyms of these terms in
the search strategy, it is possible it may have
missed some relevant studies if alternative
terms were used by the authors. Since this
review focused specifically on ten types of can-
cer the findings from this review are not ne-
cessarily generalisable to survivors of rarer
cancers.

Another limitation of this review is that the
searches were restricted to peer-reviewed,
English-language studies. By excluding grey lit-
erature and non-English language publications
the search may have missed out relevant stud-
ies and reports, such as work by Macmillan, a
British cancer charity who take part in commis-
sioning cancer care. The scoping review also
did not differentiate between multimorbidity
incidence in cancer survivors before or after
cancer diagnosis as only a few primary research
articles made this distinction in their reporting.
Finally, and in line with the JBI's guidance for
the conduct of scoping reviews [27], we did not
attempt to provide an assessment of the quali-
ty of the evidence and assessment for impor-
tant potential biases such as selection, case
ascertainment and measurement biases, and
potential confounders were not considered in
this review, hence, the findings should not be
considered absolutely conclusive.

This scoping review could inform guidelines
which would assist clinicians to make cancer
treatment decisions for those with multimorbid-
ity. The review found that there was no uniform
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way of measuring comorbidity in cancer pa-
tients across the studies. An agreed, standard
way of measuring comorbidity in cancer pa-
tients across the world should be introduced to
assist future cancer research and would enable
the assessment of any changing trends in can-
cer and comorbidity in future. Clinicians need
to be aware of the impact of multimorbidity in
people LWBC and provide integrated care as it
is fundamental to effective delivery of cancer
care. Better tools for clinicians need to be
developed by policymakers, e.g., clinical guide-
lines that explicitly address managing coexist-
ing conditions with cancer needs.

In this scoping review, three areas that need
further research were identified. Firstly, more
studies are needed to compare comorbidities
in people LWBC before and after cancer diag-
nosis. Secondly, there were limited studies that
explored multimorbidity in relation to socioeco-
nomic status and ethnicity in people LWBC.
Thirdly, more research is needed to explore
whether the presence of multimorbidity in peo-
ple LWBC impacts the care they receive for
their conditions, and, if it does, the reasons for
this.
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Supplementary Table 1. Key characteristics of all included studies
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) Participants - Dependent
First author . P Definition of p
Country Study design Age ) . variable/s Outcome(s) explored
(Year) No. Cancer survivorship
range explored
Aarts J.M. Netherlands Cross-sectional 585 18-75 Prostate Alive after 5 years of ~ Socioeconomic Health related quality of
(2010) diagnosis status life (HRQOL)
Anderson USA Cross-sectional Multiple cancer survivors >18 Multiple sites excluding skin 1 year after diagnosis Medical condition Medical conditions and
(2010) (N =1003) to single prima- its impact on physical
ry survivors (N = 12,849) function
and participants without
cancer (N = 63,578)
ACTION Study In eight LMICs in Cross-sectional 5249 >18 Multiple 1 year after diagnosis Psychological Health related quality of
group (2017) Southeast Asia - Laos, distress life (HRQOL)
Indonesia, Vietnam, Philip-
pines, Malaysia, Thailand,
Cambodia and Myanmar
Andrykowski  Netherlands Cross-sectional 1300 >18 Colorectal 2 years post diag- Socioeconomic Mental health (MH)
M. (2013) nosis status
Arora N.K. USA Cross-sectional 623 >18 Leukaemia, bladder, and 2-5 years post Survivor’s percep-  Cancer related follow
(2011) colorectal diagnosis tion up care
Ashing K. USA Cross-sectional 137 >18 Breast Not defined Type 2 diabetes Physical functioning
(2020)
Ashing K. USA Cross-sectional 320 >18 Breast Not defined Ethnicity - African Prevalence of comor-
(2014) American and bidity
Latina
Atere-Roberts USA Cross-sectional 317 >50 Prostate Ever had a prostate Racial and ethnic Self-reported health
J.(2021) study cancer diagosis differences status, chronic condi-
tions, and selected
behavioural risk factors
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