
Chapter 1
What Is Comorbidity?

Diana Sarfati and Jason Gurney

Abstract Comorbidity is “any distinct additional clinical entity that has existed or
that may occur during the clinical course of a patient that has the index disease
under study”. It is related to, but distinct from other constructs such as multimor-
bidity, functional status, disability, allostatic load, frailty, burden of disease and
patient complexity. As populations age, the prevalence of chronic disease increases.
As a consequence, many people live with, rather than die from chronic health
conditions. Cancer is often a chronic disease itself, and is also more prevalent
among the elderly. This confluence in timing means that many cancer patients (if
not most) live with at least one other chronic disease, although the prevalence of
comorbidity varies markedly across populations with different types of cancer.
There are several reasons why cancer and comorbidity co-exist; cancer and other
long-term conditions share common risk factors, some chronic conditions or their
treatments are causally related to cancer and there may be some instances where
there are common physiological pathways between cancer and other conditions.
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Key Points

• The presence of chronic disease—comorbidity—in addition to cancer is now the
norm rather than the exception.

• While comorbidity is common among cancer populations, the precise preva-
lence of comorbidity is difficult to determine; however, it is clear that the
prevalence of comorbidity varies considerably by cancer site.

• There is substantial evidence of differing comorbidity burden between popula-
tion sub-groups, with those in ethnic minority groups and those living in poverty
or deprivation carrying a greater burden.
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• The reasons why cancer and comorbidity coexist are multiple and varied.
Cancer and other long-term conditions share many risk factors; there are also
many examples where specific comorbid conditions or their treatments may be
involved in the aetiology of cancer, or vice versa. There may also be common
genetic or physiological links between some chronic conditions and cancer.

1.1 What Is Comorbidity?

Management of patients with several chronic diseases is now the most important task facing
health services in developed counties, which presents a fundamental challenge to the
single-disease focus that pervades medicine.

– Chris Salisbury, The Lancet [1]

As populations age, the prevalence of chronic disease increases. Almost all
chronic diseases are more common among the elderly than younger adults, and are
not life threatening in the short term. Consequently, many people live with, rather
than die from chronic health conditions.

Cancer is often a chronic disease itself, and is also more prevalent among the
elderly. Via a natural convergence in the timing of peak occurrence, concomitant
chronic disease—which we term comorbidity—in addition to cancer is now the
norm rather than the exception. This confluence has the potential to profoundly
impact affected individuals [2–5].

Comorbidity results in increased risk of hospitalisation, adverse effects of
treatment, multiple competing demands on both patient and health care profes-
sionals, high health care costs, reduced quality of life and higher mortality [4–15].
Despite this, much of the research and planning relating to cancer and cancer care
assume a single disease paradigm. For example, patients with comorbidity are often
excluded from randomised controlled trials, which means that it is difficult to
generalise the findings of such trials to those with chronic health problems, or to
predict the difficulties or complications from treatment that such patients may face
[16–19]. Partly as a consequence of this, clinical practice guidelines tend to be very
poor at addressing the needs of older patients with comorbidity [18, 20, 21]. Health
care service providers, policy makers and researchers need to be able to respond
adequately to the requirements of individuals with complex health needs [15, 22].

Despite the importance of comorbidity in the care of cancer patients, there is no
consensus about how to define it, and even less on how to measure it. To add to the
confusion, there are multiple other constructs that are related to—but distinct
from—comorbidity.
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1.2 The Evolution of the Concept of Comorbidity

In 1970 Feinstein noted that “although patients with more than one diagnosed
disease are frequently encountered in modern medical practice, the inter-rela-
tionships and effects of multiple diseases have not received suitable taxonomic
attention in clinical science” [6]. Feinstein argued that this “neglect of comorbidity”
had many detrimental effects, although his focus was largely on defining comor-
bidity in order to ensure comparability between study groups in studies of treatment
effectiveness, and to ensure that statistics relating to disease were accurate.
Feinstein defined comorbidity as “any distinct additional clinical entity that has
existed or that may occur during the clinical course of a patient that has the index
disease under study”. He noted the importance of comorbid disease in terms of its
potential effects on diagnosis, treatment and outcomes of patients. Subsequent work
by Kaplan and Feinstein in 1974 [23] resulted in possibly the first attempt to
measure comorbidity as a separate construct in its own right. They found that
comorbidity was related to increased risk of mortality, and higher severity of
comorbidity with increased risk among patients with diabetes mellitus.

During the 1980s and early 1990s, the measurement of comorbidity developed
into two distinct branches: diagnostic-based risk (or case-mix) adjustment systems,
and clinically-based comorbidity indices. These approaches differed both in the
underlying assumptions and constructs relating to comorbidity, and in the
approaches that were used to measure comorbidity. While this dichotomy is clearly
distinguishable, it is important to note that both approaches have been used in a
variety of study types with varying aims and objectives [3, 24–29].

1.3 Diagnostic-Based Risk (or Case-Mix) Adjustment
Systems

These were developed largely in the United States in response to the need to
allocate health care resources in managed care environments where populations
were enrolled in health care organisations where there was pressure to develop
systems which could predict future cost and utilisation of healthcare.

These systems were based on routinely collected data that could be applied to
large populations, and often included factors other than comorbidity. The concept
of comorbidity for these tended to be focused on conditions or categories of con-
ditions that were associated with increased health service utilisation or health care
costs [25, 28, 29].

The ACG system developed at John Hopkins University is an example of a
diagnosis-based risk adjustment system. It was developed in response to the
recognition of the increasing costs of health care, the rapid expansion of managed
and capitated care in the US, and an increasing emphasis on ambulatory care [28,
29]. This system uses administrative data to categorise individuals into groups
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(ACGs or Adjusted Clinical Groups) with similar health resource use expectations,
based on specified individual or categories of conditions as well as patient factors
such as age and sex [28, 29]. This system has been used in a number of settings,
primarily for health care management purposes, including setting capitation rates
and profiling the efficiency of health care organisations and clinicians [25–34].

1.4 Clinically-Based Comorbidity Indices

Clinically-based comorbidity indices were developed primarily for clinicians and
researchers to assess the role of comorbidity in outcomes for their patients, often in
the context of clinical or epidemiological studies.

They employ a range of approaches and data sources in an attempt to optimise the
measurement of comorbidity [24, 35, 36]. Comorbidity in this context tends to be focused
on conditions that have an impact on patient outcomes, most commonly mortality.

The best known example of a clinically-based comorbidity index is the Charlson
Comorbidity Index (CCI) developed by Mary Charlson and colleagues in 1987
[37]. The Charlson index includes seventeen conditions (in 19 categories) which are
allocated a weight of 1–6, depending on their association with 1-year mortality. For
each individual, these weights are summed to give an overall score. A higher score
indicates a higher the level of comorbidity.

The Charlson index has been validated and used in a huge variety of clinical and
research settings, and has been adapted for use with administrative data [38–41] and
for use with patient self-reporting [42–44]. Subsequently, a number of approaches
to measure comorbidity have been developed [2, 24, 35, 36, 45]. These are
described in detail in the next chapter, but in general can be divided into three
categories:

– Simple counts of conditions [46–48].
– Weighted indices that adjust for seriousness of conditions [23, 37, 49–51].
– Systems that depend on models involving varying numbers of individual con-

ditions [52–54].

Data sources used to estimate comorbidity have also varied, including admin-
istrative data, medical charts, physical examination, personal interviews and
self-reporting [3, 8, 45, 55].

1.5 Recent Evolution Relating to the Concept
of Comorbidity

In October 2003, the National Institute on Aging (NIA) Geriatrics and Clinical
Gerontology Program convened a taskforce on comorbidity. The objective of this
taskforce was to ‘explore conceptual and methodological complexities of comor-
bidity’ [14].
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There was general consensus that comorbidity was a complex and heterogeneous
concept, and that no single measure would be likely to adequately serve all research
and clinical purposes. The taskforce determined that the definition and measure-
ment of comorbidity depended on the objective that was being addressed, the
setting and population(s) of interest, the extent to which comorbid conditions
inter-relate, and the severity and timing of conditions. The conclusion, then, was
that more research was needed on the measurement and impact of comorbidity, but
that a balance needed to be maintained on advancing the conceptual and theoretical
aspects of comorbidity on one hand, and not losing sight of the practical issues of
measuring comorbidity on the other.

Subsequent work has tended to shift into more complex conceptualisations of
comorbidity. For example, Karlamangla et al. [56] suggested a categorisation of
comorbidity that was based on body systems (i.e. mental function, sensory, pain,
voice and speech functions, and movement, skin, cardiovascular, haematological,
immunological, respiratory, digestive, metabolic, endocrine, GU/reproductive/
sexual, and neuromusculoskeletal systems). They suggested each could be classi-
fied on a spectrum ranging from high-functioning, through subclinical abnormali-
ties and through to clinically-manifest disease of various severities. For example, in
the endocrine system, abnormal fasting blood glucose levels may be categorised as
a subclinical abnormality, where overt diabetes mellitus controlled by diet may be
considered disease on the less severe end of the spectrum, while insulin dependent
diabetes mellitus with complications may be on the more severe end of the spec-
trum. The authors also suggested that interactions between domains could be
included; for example, the known synergies between hypertension and diabetes
could be included in the estimate of overall patient comorbidity, although it was
unclear how this would be achieved. In this way, sub-clinical disease could be
explicitly recognised, disease clusters would be accounted for, the system would
not depend solely on diagnosed disease and high functioning would be measured as
well as low functioning. Whilst these aims are laudable, the collection of data
required for such a measurement tool would be intensive, expensive and often not
feasible.

In their narrative review, Valderas et al. [12] attempted to ‘define and measure
the concept of comorbidity’. They identified four distinctions that could be made in
relation to comorbidity. The first three are related to the definition of comorbidity
itself:

1. The requirement to be clear about what a comorbid entity is, and how these can
be identified and defined.

2. The relative importance of the primary condition, and given the co-existence of
multiple conditions, which can be considered primary.

3. The chronology of the conditions—i.e. are they co-occurring, and does the order
in which they occur affect genesis, prognosis or treatment.

The fourth distinction highlighted was that related to ‘expanded conceptualisa-
tions’ relating to comorbidity. Such conceptualisations, expanded on below,
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included those of multimorbidity, where no single condition is considered primary;
burden of disease, which includes elements of multimorbidity and functional status;
and patient complexity, which expands this idea further into other factors which
may influence patient outcomes and healthcare resource requirements, such as
socioeconomic status, lack of social support or language difficulties. Other related
constructs not explicitly included in the paper by Valderas et al. include allostatic
load, disability and frailty [57–60].

1.6 Constructs Related to Comorbidity

The multiple constructs related to comorbidity are further described below.

1.7 Multimorbidity

Multimorbidity is the “the co-occurrence of multiple chronic or acute diseases and
medical conditions within one person” [61]. It is distinct from comorbidity in that
the latter implies an index disease under study. The concept of multimorbidity shifts
the focus from a single disease paradigm to one where the causes and effects of
multiple combined conditions are explored.

Multimorbidity is a particularly useful concept in the context of primary care,
where practitioners are responsible for the overall health of their patients rather than
the management of a single disease entity [62]. However more recently, there have
been strong calls to reorient the health system in general away from a single-disease
orientation [1, 18, 19, 63]. Much of the research on multimorbidity has focused on
the epidemiology and effects of multimorbidity. For example, van der Akker et al.
[64] used data from a network of family health practitioners in the Netherlands to
identify permanent, chronic or recurrent conditions. They found that 29.7 % of the
population had two or more conditions, and that multimorbidity was more common
among older people, women and those with lower education, or those who did not
have private health insurance. There was also evidence that certain conditions
tended to cluster. They concluded that this clustering of diseases was likely to be
due to a combination of causal mechanisms, such as common genetic, immuno-
logical, environmental or behavioural risk factors, or artefactual mechanisms,
particularly chance clustering, or detection bias where a patient is more likely to
have a second condition diagnosed because of health service contact related to a
first condition.

More recently, Barnett et al. analysed data from primary care databases in the
United Kingdom for 1.75 million patients [65]. They found that nearly a quarter of
all patients had more than one chronic condition, that the likelihood of multimor-
bidity increased with increasing deprivation, and that whilst multimorbidity was
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more common among those aged over 65 years, in absolute terms there were more
people under 65 years with multimorbidity.

Multimorbidity, like comorbidity, has been found to be associated with an
increased risk of disability, poor functional status, higher health care expenditure,
polypharmacy, and complications of care [18, 19, 42, 63, 65–71].

1.8 Functional (or Performance) Status

Functional limitations are defined as limitations in performance at the level of the whole
organism or person [58]. Functional status is broader than this, and is the ability or
otherwise to carry out everyday tasks. Scrag (2008) articulately describes it as “captur
[ing] much of what seasoned clinicians ascertain in an instant as they watch a patient
enter a room, rise from a chair, or clamber onto an exam table” [72].

The presence of chronic disease is directly related to functional status. Pain and
stiffness in arthritis, shortness of breath in chronic respiratory disease, and dys-
phasia or dyspraxia as a result of a stroke, all lead to a loss of ability to carry out
everyday tasks. Functional status is measured by the ability or otherwise to carry
out such tasks, and is often related to both the presence and the consequences of
chronic disease [73]. Assessment of functional status may be based on
self-reporting or proxy reporting of ability to carry out specified tasks; for example
the World Health Organisation performance status instrument (WHO-PS) or the
physical functioning scale of the SF-36, or physical performance tests such as
ability to open and close fasteners, gait speed, ability to climb stairs or rise from a
chair [74]. Functional status is a predictor of morbidity, mortality, length of hospital
stay and hospital charges independent of other characteristics, including age and
comorbidity [9, 75–77]. The measurement of functional status as an outcome is also
useful in determining the impact of the consequences of chronic disease.

1.9 Disability

Disability is closely related to the concept of functional status. It is defined as a
“limitation in performance of socially defined roles and tasks within a sociocultural
and physical environment” [58]. Functional impairments can lead to disability, but the
extent to which this occurs depends on the physical, social and psychological envi-
ronments in which people live [60]. Environments can be more or less disabling. For
example, an individual with severe arthritis may be considerably less disabled if they
have access to mobility aids, and aids to assist with tasks requiring dexterity.

Disability, like functional status, is most commonly assessed using self-reported
difficulty in specific tasks, and these are assessed in the clinical setting by screening
tools such as Activities of Daily Living (ADLs) and Instrumental Activities of daily
Living (IADLs) [57].
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1.10 Allostatic Load

While disability takes explicit account of a person’s environment, allostatic load is a
purely physiological measure of ill-health. It is a measure of cumulative, chronic
physiological dysfunction across multiple body systems [59]. Seeman’s hypothesis
was that organisms must adapt body systems to alter their internal milieu in
response to environmental challenges. When these adaptive responses are no longer
able to cope with such challenges, progressive dysregulation occurs and can be
measured. Allostatic load is related to, but is not the same as comorbidity. Chronic
disease may result in a cumulative physiological burden which results in an increase
of the allostatic load. Seeman et al. see the measure of allostatic load as an indicator
that an individual may be decompensating as a result of various internal and
external challenges including comorbid disease:

No single form of comorbidity occurs with high frequency, but rather a multiplicity of
diverse combinations are observed (e.g. osteoarthritis and diabetes, colon cancer, coronary
heart disease, depression and hypertension). This diversity underscores the need for an early
warning system of biomarkers that can signal early signs of dysregulation across multiple
physiological systems [59].

Allostatic load was initially measured using 10 biological parameters, which are
physiologically related to a number of homeostatic metabolic processes, such as the
hypothalamic-pituatary-adrenal axis, the sympathetic nervous system, and the
cardiovascular system. The parameters were systolic and diastolic blood pressure,
waist/hip ratio, serum high density lipoprotein and total cholesterol, plasma gly-
cosylated haemoglobin, serum dihydroepiandrosterone, 12 h cortisol excretion and
urinary norepinephrine and epinephrine excretion [59]. In later work, serum fib-
rinogen, C-reactive protein and interleukin 6, all measures of chronic inflammation,
were added to the measure of allostatic load [59, 78].

In the development of the measure of allostatic load, each of these parameters
was measured in a group of 70–79 year olds. Each parameter was categorised into
quartiles, and the number of parameters for each individual that fell into the highest
risk quartile was summed to give a total score. Higher scores were cross-sectionally
and longitudinally related to all-cause mortality, cardiovascular disease, and a
poorer cognitive and physical functioning, and frailty [59, 78, 79].

1.11 Frailty

Frailty has been defined as a “physiologic state of increased vulnerability to
stressors that results from decreased physiologic reserves, and … dysregulation, of
multiple physiologic systems” [57]. Frailty is considered a physiological syndrome
related to, but separate from comorbidity and disability [57, 80]. Frailty is char-
acterised by weakness, decreased endurance and slowed performance. It is related
to poor nutrition, concurrent chronic disease, loss of muscle mass, reduced
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metabolic rate, decreased activity and energy expenditure [81]. It has been mea-
sured in a variety of ways, for example, Fried (2001) categorised those with frailty
as having a combination of any three of unintentional weight loss, weakness, poor
endurance, slowness or low physical activity [81], whereas Baldaucci used age
greater than 85 years, high ADL score, three or more comorbidities and the diag-
nosis of a geriatric syndrome (any one of delirium, dementia, depression, osteo-
porosis, incontinence, falls, etc.) [80, 82]. Frailty is strongly related to increasing
age and is most common in the very elderly. It has also been found to be more
common among cancer patients than similarly aged patients without cancer [83].
Frailty may cause disability independently of coexisting disease and may be caused
by comorbidity [57]. Frailty is strongly associated with adverse outcomes including
disability, mortality and dependency [57, 80, 81, 84–86].

1.12 Burden of Disease/Illness

Burden of disease (in this context) expands the concept of multimorbidity to include
the functional status of individuals. Burden of disease is a combined measure of the
number of chronic diseases, their severity and their impact on functional status [9].
It is therefore a measure of chronic disease, and its impact on the individual con-
cerned. There is no gold standard measure for burden of disease. The first attempt to
measure this construct was in 1995 by Greenfield et al. [87]. Their aim was to
measure a “composite illness-based measure of risk for substantial declines in
health” (Total Illness Burden Index or TIBI). They did this by identifying the
presence of chronic disease divided into categories (such as pulmonary disease,
heart disease, stroke and neurological disease, gastrointestinal disease, other can-
cers, arthritis, eye problems, hearing problems, hypertension, diabetes mellitus and
arthritis) among a cohort of patients. For each category or condition, they assessed
the likely impact on functional status, both through clinician assessment and
through statistical assessment of the association of each, with outcomes such as the
physical functioning scale of the SF-36 instrument. TIBI scores have been asso-
ciated with poorer outcomes in general, and among cancer patients specifically [87,
88].

Mandelblatt (2001) assessed burden of disease by examining the separate roles
of comorbidity and functional status, as well as life-expectancy and self-rated health
on treatment patterns and outcomes, for a cohort of older women with early stage
breast cancer [9]. They posited that biological aging and the effects of chronic
disease would result in physiological dysregulation, which is in turn a determinant
of functional status and disability (Fig. 1.1). These three components of total illness
burden (number of chronic conditions, physiological dysregulation and functional
status) would then impact on life expectancy and other health outcomes. They
found that whilst these separate constructs were correlated with each other, the
strength of the correlation varied considerably, suggesting that each was capturing a
different dimension of illness burden. However, they also found that, even in
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combination, these variables did not explain much of the variance in number of
treatments received among this cohort of patients. Interestingly, this group of
patients were healthier than average breast cancer patients, so the authors concluded
that their estimates of the effects of burden of illness on cancer treatment were likely
to be somewhat conservative.

Clinically, total illness burden may be measured using instruments such as the
Comprehensive Geriatric Assessment (CGA) tool. This tool provides data on
patient functional status, comorbidity, polypharmacy, existence of geriatric syn-
dromes, nutritional status, social support and psychological status [89–93]. Studies
that have used the CGA tool among older patients with cancer have found that
people who score poorly on CGA tend to have poorer survival, higher levels of
treatment toxicity, and higher mortality [85, 94–96].

1.13 Complexity

Complexity is the broadest related construct [97, 98], as it includes all determinants
of health at an individual level. These include a broad range of factors including, but
not limited to socioeconomic, cultural, and environmental factors that are likely to
impact on patient care and outcomes.

Safford (2007) developed a graphical model of patient complexity that involved
a series of vectors, each relating to individual determinants of health, and each with
a force and magnitude resulting either in increasing or decreasing complexity
(Fig. 1.2) [97]. The concept of complexity reflects the intricate interactions between
a multitude of factors that impact on care and outcomes at an individual level. The
presence of chronic disease is one of these, but it is only one part of a highly
complex and dynamic system [98, 99].

Severity of Illness

(Physiological capacity)

Functional
status/

Disability

Biological aging

Health habits

Chronic health 

conditions
Life expectancy

Fig. 1.1 Conceptual model of total illness burden. Source Buchner and Wagner (1992); cited in
Mandleblatt et al. [9]
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1.14 How Are the Comorbidity-Related Constructs
Linked?

There is considerable overlap between these inter-related concepts, and the
boundaries between them are blurred.

Figure 1.3 is amended and expanded from Valderas et al. [12]. It shows the close
relationship between comorbidity and multimorbidity, the difference being that

Fig. 1.2 Vector model of complexity. Source Safford et al. [97]

Fig. 1.3 Comorbidity and related constructs. Expanded from Valderas et al. [12]
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comorbidity is measured in relation to a primary index disease, whilst multimor-
bidity is a total measure of all diseases occurring concurrently in an individual. In
this figure, functional status and frailty are represented as separate constructs, but
clearly they are both strongly related to each other and to other factors, particularly
increasing age and presence of chronic disease. Total morbidity burden is a broader
concept encompassing elements of comorbidity, frailty and functional status.
Disability is closely related to the concept of functional status, but includes broader
elements such as the degree of social support, and other disabling or enabling
features of the environment. Finally at the broadest level, patient complexity
encompasses all previous elements, as well as other factors that determine health
outcomes in an individual.

1.15 Why Should We Focus on Comorbidity in Cancer?

There are many reasons why it is important for cancer researchers and clinicians
alike to pay attention to comorbidity. We have outlined some of these reasons
below.

Comorbidity is common. The exact prevalence of comorbidity among cancer
patients varies both by cancer site and by the method used to measure comorbidity;
but regardless, comorbidity is common among cancer patients [3, 100, 101]. For
example, in New Zealand 70 % of those with colon cancer and 72 % of those with
lung cancer have at least one comorbid condition [47, 102, 103]. As the population
ages, comorbidity will become even more common.

Comorbidity affects outcomes. Comorbidity has a major negative effect on the
likelihood of survival from cancer [2, 47, 51, 103–112]. Comorbidity acts on
survival both through direct mechanisms, related to the increased physiological
burden of disease, and through indirect mechanisms, related to the effects comor-
bidity has on treatment choice and/or effectiveness.

Cancer patients with comorbidity are substantially less likely to be offered active
therapy [47, 108, 109, 113–116]. For example, among New Zealanders with stage
III colon cancer, patients with comorbidity were considerably less likely to be
offered adjuvant chemotherapy (84 % of patients with a Charlson score of 0,
compared with 19 % of those with a Charlson score of 3). When chemotherapy was
offered to those with the highest level of comorbidity (Charlson Score 3), there was
a 60 % reduction in excess mortality [47, 102]. There is growing evidence that
many such treatments are often both tolerated and effective among those with
comorbidity [47, 108, 109, 114, 115, 117–121]. Comorbidity also has an important
impact on other outcomes, such as functional status, quality of life, length of stay in
hospitals, quality and costs of care [5, 8, 10, 12, 26, 46, 99].

Mental illness is also associated with substantially poorer outcomes from cancer.
Cancer patients may have impaired functional status, poor nutritional status, be
suffering from depression or anxiety, and are sometimes dealing with complex
social issues. Despite this complexity, cancer treatment tends to be highly silo’ed
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and delivered in specialised units that are focused, unsurprisingly, on the treatment
of cancer.

The impact of comorbidity is modifiable. There is evidence that focusing at a
clinical level on more complex patients with comorbidity can result in benefits in
terms of both improved outcomes and satisfaction with care for patients [13, 57, 97,
122]. Systems can be redesigned to optimise healthcare processes for complex
patients, and from a policy perspective, incorporating complexity of patient mix
into quality measurements and performance profiling, results in a more compre-
hensive understanding of health service quality and processes [1, 5, 15, 18, 19, 63].

As we will see in the next section, comorbidity is common among cancer
populations. Despite this fact, there is a scarcity of evidence about how to manage
these patients. Patients with comorbidity are routinely excluded from randomised
controlled trials that are designed to identify the benefits and harms of cancer
treatment, and there is lack of consensus on how best to manage these patients.
Clinicians are left to weigh up the benefits and potential harms of treatment
strategies for themselves, without evidence to inform them.

1.16 How Common Is Comorbidity in Cancer?

Whilst there is general agreement that comorbidity is common among cancer
patients, it is remarkably difficult to state with any certainly how common it is. This
is because the prevalence of comorbidity varies, sometimes dramatically, depending
on the measure of comorbidity used, the data available, the study population, and
the cancer site.

In their review of the impact of comorbidity on chemotherapy use and outcomes
among patients with solid tumours, Lee et al. reported a wide prevalence range for
comorbidity of 0.4–90 % among cancer patients [100]. Data from the New Zealand
context suggests that approximately half of all cancer patients have at least one
other chronic condition recorded, and a third have two or more [123, 124]. In their
Annual Report to the Nation on the Status of Cancer, Edwards et al. reported that
approximately 40 % of U.S. cancer patients have at least one comorbid condition
[101].

Not surprisingly, studies that use a more inclusive measure of comorbidity
demonstrate a higher prevalence of comorbidity than those that use a more
restrictive approach. For example, Tammemagi et al. used an extensive and
inclusive approach to identify comorbid conditions from computerised medical
records in their cohort of patients with breast cancer, and found that 72 % had at
least one condition [118]. This compares with Gonzalez et al., who used data
extracted only from routine discharge abstracts and found that 13 % of women with
breast cancer had at least one Charlson index-related comorbid condition [125].
Even if the approach to measuring comorbidity is limited to a single comorbidity
index, the Charlson index, there is still a large range of prevalence estimates. Most
studies that use the Charlson index report that 10–75 % of cancer patients have at
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least one Charlson index-related condition [47, 125–132]. The variation is largely
due to characteristics of the study population and the data collected. For example,
studies that are restricted to older patients generally demonstrate higher levels of
comorbidity. Comorbidity also tends to be higher among patients with certain
cancers, particularly smoking-related cancers such as lung, head and neck and
bladder cancers [105]. Studies based on administrative data, often, but not always,
report lower levels of comorbidity than those based on medical notes review or
self-reporting [40, 110, 133–136].

Is comorbidity more or less common among cancer patients compared to the
general population? There is universal agreement that comorbidity is common
among cancer patients in general. However, it is less clear whether cancer patients
have higher rates of comorbidity than similarly aged non-cancer populations. Some
authors have noted generally similar prevalence rates of comorbid conditions
among cancer patients compared with non-cancer populations [137, 138]. In con-
trast, other studies have reported that cancer patients have somewhat higher levels
of comorbidity than the general population [101, 139, 140]. Two studies compared
the self-reported prevalence of conditions from the US National Health Interview
Study among those with a history of cancer to those without [139, 140]. Hewitt
et al. found that among those aged over 65 years, 3.9 % of cancer patients reported
having three or more chronic medical conditions, compared with 2.3 % of those
without a history of cancer [140]. Similarly, Smith et al. found that, with the
exception of patients with melanoma, non-Hodgkin’s lymphoma and prostate
cancer, cancer patients were more likely to report two or more conditions than those
without cancer [139]. More recently, Edwards et al. reported that 40 % of lung,
breast, colorectal and prostate cancer patients had at least one comorbid condition
compared to 31 % of time period-, age- and sex-matched individuals from the
general population [101].

By contrast, there are two studies that have reported that cancer patients actually
have lower levels of comorbidity than age matched controls. The first study, by
Repetto et al., compared cancer patients to patients admitted to hospital medical or
geriatric services who would be expected to have higher levels of multimorbidity
than people of a similar age in the general population [141], while the second study,
by Piccirillo et al., compared comorbidity data extracted from hospital notes for
cancer patients with self-reported national data on similar conditions. Both these
sets of authors concluded that the differences between the cancer and non-cancer
populations were likely to reflect inadequacies in the data comparison [142].

One obvious reason for inconsistencies in the comparison of the comorbidity
burden between cancer and non-cancer populations is likely to be that the preva-
lence of comorbidity varies considerably by cancer site. In their matched
case-control study of men with newly diagnosed cancer, Driver et al. found that the
overall (modified Charlson) comorbidity scores were similar for men with and
without cancer [143]. However, they found that there was variation by cancer type:
in particular, men who had been diagnosed with potentially screen-detected cancers
(such as prostate cancer and melanoma) had lower comorbidity scores than
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age-matched population controls, whilst those with smoking-related cancers had
higher scores [143]. Other studies have also found a similar pattern [101, 144, 145].

As well as variation in terms of the general burden of comorbidity, there is also
natural variation in the types of comorbidities that patients are affected by,
according the cancer type. In some instances, there is a clear association between
the kind of comorbidity and the cancer type: for example, in the New Zealand
context, more than half of liver cancer patients have cirrhosis of the liver [146].
Unsurprisingly, recent data from the U.S. suggests that more than a third (34 %) of
lung cancer patients also have Chronic Obstructive Pulmonary Disorder (COPD)
compared to just 10 % of breast cancer patients [101].

Tables 1.1, 1.2, 1.3, and 1.4 show a range of prevalence estimates for the most
common conditions for patients with lung, breast, colorectal and prostate cancers,
respectively. They show that there is variation in prevalence estimates of specific
conditions even within cancer sites. For example, estimates of the prevalence of
diabetes among colorectal cancer patients range between 6 and 18 %, of hyper-
tension between 16 and 47 % and of chronic respiratory disease between 5 and
22 %. As with global comorbidity measures, these variations are a function of the
study populations, the data collected and the definitions used for specific comorbid
conditions. These tables do usefully show that the most common concomitant
conditions include hypertension, respiratory disease, heart disease, cerebrovascular
disease, previous cancer, arthritis and diabetes. They also show that the prevalence
of some comorbid conditions varies between sites, for example respiratory condi-
tions are (unsurprisingly) particularly high among patients with lung cancer, with
estimates ranging from 15 to 47 % compared with prostate (1–30 %), colorectal
cancer (5–22 %) and breast (all 3–14 % except for one outlier at 52 %).

1.17 Cancer, Comorbidity and Disparity

The prevalence of long term health conditions is not evenly distributed across the
population. Disparities in health occur across many axes, including gender,
socioeconomic position, geography and sexual orientation. However, health
inequities between people of different ethnicity and/or different socioeconomic
status are perhaps the largest and most persistent [147, 148].

Comorbidity is generally more common among ethnic minority and Indigenous
populations, and among those with higher levels of poverty or deprivation, both
within the general population and within cancer populations. The causes of these
disparities are related to the uneven distribution of determinants of health, and
deficits in health care systems and infrastructures (expanded in Chap. 1.3) [149–
151]. For example, the indigenous populations of Australia, New Zealand, the U.S.
and Canada, all have a higher prevalence of comorbidity, and are more likely to
have multiple, complex comorbidity than non-Indigenous people [147, 152–154].

These patterns are echoed in cancer populations. For example, in the New
Zealand colon cancer context only 23 % of Māori had no recorded comorbidity
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compared with 37 % of non-Māori [102]. Māori colon cancer patients also had
more than twice the risk of diabetes, heart failure, respiratory disease and renal
disease than non-Māori, and were 80 % more likely to have three or more comorbid
conditions [102]. In the U.S., Black lung cancer patients were more likely to have at
least one comorbid condition that impacts on survival (65 % vs. 59 %) [111], while
only 14 % of Black breast cancer patients had no recorded comorbidity compared
to 34 % of White patients [118]. In Australia, only 50 % of Indigenous cancer
patients had no recorded comorbidity compared to 69 % of non-Indigenous cancer
patients, and were three times more likely to have diabetes (30 % vs. 10 %) [155].

Cancer patients of lower socioeconomic status (SES) are also at increased risk of
comorbidity. For example, Schrijvers et al. observed that breast cancer patients
from a low SES background were nearly three and a half times more likely to have
at least one comorbidity compared to breast cancer patients from a high SES
background, even after adjusting for age [156]. Louwman et al. observed that
cancer patients from a low SES backgrounds were at 50 % higher risk of serious
comorbidity compared to those with high SES across a considerable range of cancer
types—with a particularly high prevalence of cardiovascular and cerebrovascular
disease, COPD, diabetes and gastrointestinal disease [157].

Comorbidity has been shown to be in part responsible for ethnic and socioe-
conomic disparities in cancer survival. For example, a study by Hill et al. showed
that a third of the disparity in colon cancer survival between Māori and non-Māori
New Zealanders was due to comorbidity [102]. Similarly, Shepphard et al. found
that comorbidity was the most important factor in explaining the three fold poorer
survival among First Nations women with breast cancer in Canada, compared with
non-Indigenous women [158]. Even for a given level of comorbidity, comorbidity
may affect some groups of patients differently to others. For example, in Australia,
Indigenous cancer patients with diabetes had an overall survival disadvantage
compared to Indigenous cancer patients without diabetes, with an all-cause Hazard
Ratio (HR) = 1.4 (95 % CI 1.1–1.8) adjusted for age, sex and cancer site [159].
Fewer non-Indigenous cancer patients had diabetes, and those that had diabetes
showed no difference in survival compared to their counterparts without diabetes.

In the US, the evidence relating to the impact of comorbidities on ethnic/racial
inequalities in outcomes is somewhat inconsistent. Several authors have found that
comorbidity partially or completely explains such disparities [118, 160–165], while
others have concluded that comorbidity may not be important in this regard [166–
168].

1.18 Why Do Cancer and Comorbidity Coexist?

We have established that cancer and comorbidity commonly occur together—but
why is this so? The principal reasons for this co-occurrence vary by (and within)
cancer types, but the cause of this association might be attributed to one or more of
the following.

20 D. Sarfati and J. Gurney



1.18.1 Common Conditions Occur Commonly

The primary drivers of comorbidity patterns among cancer patients are the same as
those that drive patterns of multimorbidity in the community at large. Thus the
underlying pattern of comorbidity in the general population (for example, cardio-
vascular disease, metabolic disease and mental health disorders) are common to
both cancer and non-cancer populations [65, 66, 101].

1.18.2 Cancer and Comorbid Conditions Share Many
Common Risk Factors

The strongest single driver of the co-occurrence of cancer and other chronic con-
ditions is increasing age. Smoking, poor diet, lack of physical activity, obesity and
alcohol abuse are all risk factors for a range of common non-cancer conditions,
including diabetes, hypertension, respiratory, cardiovascular and peripheral vas-
cular disease and liver disease. They are also risk factors for many cancers,
including cancers of lung, bladder, head and neck, colorectum, liver and breast
[169].

In their Annual Report to the Nation on the Status of Cancer, Edwards et al.
[101] compared the prevalence of comorbidity among cancer patients to that of the
general (age-matched) population. Compared with the general population, they
observed a similar prevalence of comorbidity for older breast and prostate cancer
patients (30–32 % of those aged 66 years and over), considerably higher comor-
bidity prevalence among lung cancer patients (53 %), with colorectal cancer
patients intermediate between the two (41 %). These results (and those of others
[101, 123, 143–145]) suggest that the wide spectrum of comorbidity prevalence
among cancer patients is informative with respect to the question of why cancer and
comorbidity coexist: at one end of the spectrum—the lung cancer end—we have
patients who are diagnosed with cancers that are strongly associated with risk
factors (like particularly smoking), which are in turn also strongly associated with
the development of other chronic conditions, such as COPD. At the other end of the
spectrum—the breast and prostate cancer end—are patients diagnosed with cancers
that are not strongly associated with such risk factors.

1.18.3 Comorbidity May Increase or Decrease
Predisposition to Cancer

There are a number of chronic conditions, in particular chronic infections, diseases
of the immune system and diabetes, which are causally associated with an increased
risk of cancer. For example, Hepatitis B can cause chronic liver disease which is
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strongly associated with hepatocellular carcinoma, and tuberculosis patients have
an increased risk of lung cancer [170]. Conditions associated with immune sup-
pression (such as HIV/AIDS) or dysregulation of the immune system (such as
rheumatoid arthritis) are associated with a number of cancers [171–173]. HIV/AIDS
is related to Kaposi’s Sarcoma, Hodgkin’s disease and anal cancers [171] and
rheumatoid arthritis is associated with non-Hodgkin’s lymphoma and other
haematological malignancies [172, 173]. The exact mechanisms through which
these associations occur have yet to be fully clarified, but are likely to be multi-
factorial [173].

We know that the presence of diabetes is associated with an increased risk of
several cancers, including colorectal, pancreatic, liver, endometrial and bladder
cancers [173–176]. Whilst in part, these associations may be related to common risk
factors between diabetes and cancer (such as obesity), there is also evidence that
there are specific biological pathways that directly link diabetes with cancer [173,
175, 176]. Type II diabetes is caused (in part) by insulin resistance, which in turn is
associated with hyperinsulinaemia (high circulating levels of insulin) and high
levels of other insulin-like growth factors, which promote cellular proliferation and
affect programmed cell death (apoptosis), increasing the risk of cancer develop-
ment. In addition to hyperinsulinaemia and hyperglycaemia, chronic inflammation
is also thought to be an important neoplastic factor in the link between diabetes and
cancer [177].

Whilst patients with diabetes are at increased risk of a number of cancers, they
are also at lower risk of lung, and prostate cancers and Hodgkins disease [176, 177].
It is not known why this is the case, but it is postulated to be due to changes in
hormone profiles, growth factors and steroids. Patients with hypothyroidism have
also been found to have lower rates of breast cancer [173].

1.18.4 Treatment for Comorbidity May Increase
or Decrease the Risk of Cancer

As well as the direct effect of long term conditions on cancer risk, medications used
to treat such conditions may impact on risk. For example, long term use of
immunosuppressive medications, such as those that might be taken by renal failure
patients following transplant, are associated with an increased risk of cancer
development [178–181]. In contrast, the use of Non-Steroidal Anti-Inflammatory
(NSAID) drugs, such as those used chronically among arthritis sufferers, is asso-
ciated with a reduced risk of colorectal cancer [182–184]. In addition, there is some
evidence that metformin, an hypoglycaemic medication commonly used in the
management of diabetes, is associated with a reduced incidence of cancer among
diabetic patients [177, 185]. However, it is possible that the latter association is at
least partly exaggerated by a methodological problem known as immortal time bias
[178–181, 186].
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1.18.5 Treatment for Cancer May Cause or Exacerbate
Comorbidity

As well as comorbidity affecting cancer outcomes, the inverse can also be true,
wherein treating a cancer can impact on comorbidity outcomes. Therapies for
cancer can increase the risk of developing a comorbid condition, including car-
diovascular, musculoskeletal, metabolic or other complications. For example,
hormonal treatment for breast and prostate cancer will affect the metabolism and
may, in turn, lead to associated complications of diabetes control, and an increased
risk of osteoporosis [187]. Some forms of chemotherapy (anthracyclines), as well as
anti-HER2 therapies, have been associated with cardiac failure [188], while
androgen deprivation therapy for prostate cancer is associated with a greater risk of
cardiovascular problems and worsening of pre-existing cardiac disease [189, 190].

It is likely that the impact of cancer treatment on the development or exacer-
bation of comorbid disease is greatest amongst those who are at highest risk of
developing these conditions in the first place, or those who already have some
pre-existing (likely related) comorbid disease. However, we really do not know
how much cancer and its treatment impacts on patient comorbidity, for the reasons
given earlier. Patients with significant comorbidity are generally excluded from
clinical trials, and also because data pertaining to cancer patients tends to focus on
cancer-specific outcomes rather than broader health outcomes.

1.18.6 There May Be Common Genetic or Physiological
Pathways Between Cancer and Comorbidities

A possible example of this is the inverse relationship between neurodegenerative
disorders (such as Alzheimer’s and Parkinson’s disease) and cancer [191–198]. For
example, Roe et al. [196] found that there was both a low risk of cancer among
Alzheimer’s disease patients (HR = 0.31; 012–0.86) and low risk of Alzheimer’s
disease among cancer patients (HR = 0.57; 0.36–0.90) after adjustment for
demographic, smoking and other factors.

Neurodegenerative diseases are related to neuronal loss and cellular destruction,
while cancer is a disease of unchecked cellular proliferation. At the cellular level,
there is a fine balance between mechanisms that repair DNA and promote cell
growth, and those that stop cellular replication and induce apoptosis. The
hypothesis relating to the negative correlation between cancer and neurodegener-
ative disorders is that if the balance favours cell growth and repair, then an indi-
vidual may be protected from neurodegenerative disorders but may be at increased
risk of cancer; whilst if the balance favours effective inhibition of cell growth and
replication the opposite will be true [198]. However it is also possible that these
associations are at least in part related to methodological problems in the studies
that have investigated them, including immortality bias.
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1.19 Future Directions for Practice or Research

We have outlined some suggested areas of future practice and/or novel research
below:

• There is a need to monitor, at a national and international level, the prevalence
of comorbidity among cancer populations, and disparities within these popu-
lations. Ongoing collection of comorbidity data among cancer populations
(perhaps as a legislated part of regional and national cancer registers) would
have multiple benefits, for example, there is a paucity of information regarding
how the prevalence and impact of comorbidity is changing over time. As will be
discussed in the next chapter, there are methods of measuring comorbidity using
routinely-available datasets that would make such monitoring possible.

• There is also a need for further research on how specific comorbid conditions or
their treatments interact to either increase or decrease the risk of cancer. Such
research would require large, high quality, population-level datasets in order to
be informative, particularly for those comorbid conditions and/or cancers that
are not highly prevalent.

• There is a need for a greater understanding of the role of genes in determining
the predisposition to certain comorbid conditions, and how this predisposition
relates (either directly or indirectly) with the development of cancer. The advent
of population-level genome data in combination with population-level routine
healthcare data will assist in potentially ground-breaking discoveries in this area.

• Finally, there is a general need for the inclusion of more comorbid patients in
clinical trials. Our understanding of whether cancer treatment might cause or
exacerbate comorbidity is limited by the fact that there is a tendency for patients
with comorbidity to be excluded from clinical trials. The exclusion of such
patients ignores clinical reality, where many (if not most, in some cancer con-
texts) cancer patients live with at least one comorbid condition. Stratification of
comorbid patients into treatment arms is one mechanism of overcoming this
problem.
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