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ABSTRACT
Objective: To evaluate the prevalence of comorbid chronic conditions among Canadian adults with
cancer and the impact of socioeconomic background on the distribution of these conditions.
Methods: Canadian Community Health Survey (CCHS) 2017–2018 dataset was accessed and individu-
als with complete information about cancer history were reviewed. The prevalence of the following 10
chronic conditions was reviewed: asthma, chronic obstructive pulmonary disease, arthritis, hyperten-
sion, hypercholesterolemia/hyperlipidemia, heart disease, stroke, diabetes, mood disorder, and anxiety
disorder. Stratification of the prevalence was done according to age, sex, and racial subgroups.
Multivariable logistic regression analysis was done to evaluate the association between sociodemo-
graphic characteristics and having multiple comorbid conditions.
Results: A total of 104,362 participants were included in the current study (including 10,782 partici-
pants with a history of cancer; and 93,580 participants without a history of cancer). Among all age,
sex, and race strata, participants with a history of cancer were more likely to have multiple chronic
conditions (p< 0.05 for all comparisons). The most common three individual comorbid conditions
among participants with cancer were arthritis (40.2%), hypertension (36.1%), and hypercholesterolemia
(25.2%); while the most common cancer-comorbidity triad among participants with cancer was can-
cer/arthritis/hypertension (17.7%). In a multivariable logistic regression analysis among participants
with cancer, the following sociodemographic factors were associated with having multiple comorbid
conditions: older age (OR for age 80þ versus age 18–20 years: 8.32; 95% CI: 5.17–13.39), indigenous
racial group (OR: 1.94; 95% CI: 1.43–2.63) and lower income (OR for income �80,000 Canadian dollars
(CAD) versus income: �20,000 CAD: 0.29; 95% CI: 0.23–0.37).
Conclusion: History of cancer is associated with a higher probability of many comorbid conditions.
This excess comorbidity burden seems to be unequally shouldered by individuals in the lower socioe-
conomic stratum as well as minority populations.
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Introduction

Cancer is a major cause of morbidity and mortality in
Canada with approximately one in two Canadians is esti-
mated to be diagnosed with cancer in their lifetime and one
out of four Canadians is expected to die because of cancer
[1–3]. Administering effective anticancer treatment(s) can be
challenged by many patient-related factors; most notably
comorbidities which can limit the ability of the treating
physicians to administer potentially life-prolonging and/or
curative treatments [4,5]. Thus, identification of the patterns
of comorbid chronic conditions among cancer patients, on a
population-level, is very important when planning effective
anticancer treatment strategies [6]. Moreover, socioeconomic
disparities is likely to affect comorbidity patterns among can-
cer patients and can play an important role in the poor can-
cer survival reported for some socioeconomic groups [7]. It is
thus important to understand the factors at play in driving
disparities in comorbidity patterns among cancer patients.

Studying comorbid conditions among cancer patients can
be challenged by the fact that most available cancer regis-
tries do not provide detailed information about comorbid-
ities [8,9]. Thus, population-based surveys might be a better
alternative to provide nationally representative estimates of
different comorbid conditions among cancer patients.
Canadian Community Health Survey (CCHS) is the largest
representative national health survey in Canada with infor-
mation about cancer history, sociodemographic factors as
well as a variety of common comorbid chronic conditions.
Thus, it represents an ideal vignette to study this research
question in Canada.

Objective

To evaluate the prevalence of comorbid chronic conditions
among Canadian adults with cancer and the impact of socio-
economic background on the distribution of
these conditions.
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Methods

Data sources

CCHS is the largest Canadian national cross-sectional health
survey aiming to provide an updated view of the health
behaviors, experiences, and attitudes of Canadians. It is con-
ducted on an annual basis through Statistics Canada in col-
laboration with several federal and provincial health
authorities [10]. Approximately, 97% of Canadian residents
are represented in this survey; and the following subsets are
not represented: (1) some residents of indigenous settle-
ments; (2) members of the Canadian armed forces; (3) resi-
dents of some Northern Quebec health regions. This survey
follows a multi-stage sampling strategy to ensure adequate
representation of all Canadian health regions. It relies on
area frame (for residents 18 years and above), and child tax
benefit frame (for residents 12–17 years old). CCHS datasets
are released on a bi-annual basis, and the current study is
based on the CCHS dataset for 2017–2018 (the most recent
CCHS release at the time of writing of this manuscript). The
response rate for CCHS 2018 is 58.8%

Patients were considered eligible for the current study if
they are 18þ years at the time of survey completion and
have complete information about the history of a cancer
diagnosis. A cancer diagnosis is identified within CCHS
through the use of two questions: do you have cancer? and
have you ever been diagnosed with cancer (lifetime)? For
the sake of the current study, a participant with cancer
would be any participant who answered yes to any of these
two questions. Cancer status, type, and treatments are not
reported within CCHS.

As per article 2.2 of the tri-council policy statement
(TCPS2), ethical approval was not required for this study (as
this study was based on an open license, anonymized data-
set) [11].

Data collection

The following data were collected from each included partici-
pant where available: age at survey completion, sex, race
(white, indigenous, or nonwhite, non-indigenous), smoking
history, body mass index, income in Canadian dollars (CAD),
marital status, perceived health, perceived mental health,
and province/territory of residence. Age was reported within
the CCHS as a categorical variable (in 5 years groups) not as
a continuous variable. The following 10 chronic conditions
were reported in the CCHS 2017–2018 dataset and thus were
included in the current analysis: asthma, chronic obstructive
pulmonary disease (COPD), arthritis (e.g., osteoarthritis,
rheumatoid arthritis, gout), hypertension, hypercholesterol-
emia/hyperlipidemia, heart disease, stroke, diabetes, mood
disorder (including depression, bipolar disorder, mania, and
dysthymia), and anxiety disorder (phobia, obsessive–compul-
sive disorder, and panic disorder). The questions about
comorbidities were meant to represent conditions diagnosed
by healthcare providers. Thus, perceived mental health as a
variable is different from comorbid mood or anxiety disorder.

All the above information was based on self-report by
included participants.

Statistical analysis

The two main hypotheses of the current study are: (1) indi-
viduals with a history of cancer are more likely to have
comorbid chronic conditions; (2) there is a variability in the
patterns of chronic conditions among individuals with cancer
according to their baseline sociodemographic characteristics.

To account for the complex sampling strategy of the
CCHS, sampling weights of the CCHS were incorporated in
all of the current study analyses. Differences in baseline
demographics between participants with or without a history
of cancer were initially described through descriptive statis-
tics with Chi-squared testing. The prevalence of each of the
10 chronic conditions was then evaluated among partici-
pants with or without cancer. The prevalence of multiple
chronic conditions (> 2 conditions) was then calculated
among different strata of the study cohort according to age,
sex, and race among participants with or without cancer.

The prevalence of cancer-comorbidity triads (i.e., cancer in
addition to two specific chronic conditions in a single partici-
pant) was then evaluated among participants with cancer.
Multivariable logistic regression analyses were then conducted
to analyze the association between history of cancer and his-
tory of the 10 comorbid conditions. Each of these analyses
was adjusted for age, sex, and racial background. The preva-
lence of specific chronic conditions among specific age, sex,
and race substrata of participants with cancer was then eval-
uated. Another multivariable logistic regression analysis was
then added to assess the association between sociodemo-
graphic characteristics (age, sex, race, and income) and having
multiple comorbid conditions (>2 conditions of the studied
10 chronic conditions) among participants with cancer.
Association between perceived health and perceived mental
health and different comorbidities were then examined
through Chi-squared testing.

All the above statistical analyses were conducted through
STATA software (version 14.0, STATA Corps, College Station,
TX, USA).

Results

Participants’ characteristics

Participant selection flow chart is summarized in
Supplementary Figure 1. A total of 104,362 participants were
included in the current study (including 10,782 participants
with a history of cancer; and 93,580 participants without a
history of cancer). Comparing both groups of participants
together, participants with a history of cancer were likely to
be older (p< 0.001), females (p< 0.001), married (p< 0.001),
white (p< 0.001), have poorer self-perceived health
(p< 0.001), obese (p< 0.001), have lower income (p< 0.001),
and ever smokers (p< 0.001) (Table 1).
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Prevalence of chronic conditions among participants
with or without cancer

Comparing both groups together, participants with a history
of cancer were likely to have asthma (p¼ 0.02), COPD
(p< 0.001), arthritis (p< 0.001), hypertension (p< 0.001),
hypercholesterolemia (p< 0.001), heart disease (p< 0.001),
stroke (p< 0.001), diabetes (p< 0.001), and a mood disorder
(p< 0.001). The prevalence of these chronic conditions
among participants with or without a history of cancer was
further detailed in Supplementary Table 1. The most com-
mon three comorbid conditions among participants with
cancer were arthritis (a prevalence of 40.2%), hypertension (a
prevalence of 36.1%), and hypercholesterolemia (a preva-
lence of 25.2%).

The prevalence of multiple chronic conditions (i.e., > 2
conditions of the studied 10 chronic conditions) was further
examined among specific strata of the cohort (according to
age, sex, and race) among participants with or without can-
cer. Among all age, sex, and race strata, participants with a
history of cancer were more likely to have multiple chronic
conditions (as detailed in Supplementary Table 2) (p< 0.05
for all comparisons).

The percentage of Canadian adults with more than two
conditions of the studied 10 chronic conditions was then
examined within different Canadian provinces and territories
(for all participants as well as for participants with a history
of cancer). For all participants, New Brunswick has the high-
est prevalence of multiple chronic conditions at 17.8% while
Northwest Territories has the lowest prevalence at 8.5%
(Figure 1(a)). For participants with a history of cancer, Prince
Edward Island has the highest prevalence of multiple chronic

conditions at 37.1% while Northwest Territories has the low-
est prevalence at 17.3% (Figure 1(b)).

The most common cancer-comorbidity triads among par-
ticipants with cancer include cancer/arthritis/hypertension (a
prevalence of 17.7%), cancer/hypertension/hypercholesterol-
emia (a prevalence of 14.8%), and cancer/arthritis/hyperchol-
esterolemia (a prevalence of 12.4%) (Figure 2(a)). The most
common cancer-comorbidity triads (after excluding hyperten-
sion and hypercholesterolemia) were cancer/arthritis/diabetes
mellitus (a prevalence of 7.2%), cancer/arthritis/heart disease
(a prevalence of 7%), and cancer/arthritis/mood disorder
(5.8%) (Figure 2(b)).

Multivariable logistic regression analyses were then con-
ducted to analyze the association between history of cancer
and diagnosis with different comorbid conditions. History of
cancer was associated with a higher probability of concur-
rent diagnosis of all evaluated comorbid conditions except
for stroke (Table 2).

Prevalence of different chronic conditions among sub-
strata of participants with cancer

The prevalence of different chronic conditions according to
age subgroups is detailed in Supplementary Figure 2(a).
Among participants with cancer of age 18–40 years (young
adults), the most common comorbidities include mood dis-
order (17.1%), anxiety disorder (16.9%), and asthma (11.1%),
while among very old participants with cancer (80þ years),
the most common comorbidities include arthritis (54.3%),
hypertension (49.4%), and hypercholesterolemia (29.9%).

The prevalence of different chronic conditions among
men versus women is detailed in Supplementary Figure 2(b).

Figure 1. Percentage of Canadian adults with >2 conditions of the studied 10 chronic conditions: (a) all participants; (b) participants with a history of cancer.
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For both men and women, the most common comorbidities
include arthritis (men: 35.5% versus women: 43.8%), hyper-
tension (men: 39.9% versus women: 33.1%) and hypercholes-
terolemia (men: 29.7% versus women: 21.7%).

The prevalence of different chronic conditions among dif-
ferent racial groups is detailed in Supplementary Figure 2(c).
For the three racial groups, the most common comorbid
conditions were arthritis (white: 40.5%, indigenous: 49%,
nonwhite, non-indigenous: 34%), hypertension (white: 35.7%,
indigenous: 36.4%, nonwhite, non-indigenous: 38.8%), and
hypercholesterolemia (white: 24.8%, indigenous: 23%, non-
white, non-indigenous: 28.9%).

In a multivariable logistic regression analysis among par-
ticipants with cancer, the following sociodemographic factors
were associated with having multiple comorbid conditions:
older age (OR for age 80þ versus age 18–20 years: 8.32; 95%
CI: 5.17–13.39), indigenous racial group (OR: 1.94; 95% CI:
1.43–2.63) and lower income (OR for income �80,000 CAD

versus income: �20,000 CAD: 0.29; 95% CI: 0.23–0.37)
(Table 3).

Correlation between perceived health and self-reported
comorbidities among participants with cancer

Poor perceived health was associated with a higher preva-
lence of all the studied eight physical comorbidities
(p< 0.001) for all comparisons; likewise, poor perceived men-
tal health was associated with a higher prevalence of the
two studied psychiatric comorbidities (p< 0.001) for all com-
parisons (Supplementary Tables 3 and 4).

Discussion

The current study reviewed the prevalence of comorbid
chronic conditions among Canadian adults with cancer. It

Table 1 Baseline demographics according to history of cancer.

Parameters Participants with cancer (7.7%) Participants without cancer (92.3%) p Value

Age group <0.001
Between 18 and 40 5.3% 39.6%
Between 40 and 60 24.1% 34.6%
Between 60 and 80 56% 22.3%
80þ 14.6% 3.5%

Sex <0.001
Male 43.1% 49.7%
Female 56.9% 50.3%

Marital status <0.001
Married 57.8% 49.2%
Common-lawc 9.2% 13.1%
Widowed/divorced 23.5% 11.8%
Single 9.5% 25.9%

Racial group <0.001
White 88.5% 72.4%
Indigenous 3.1% 3.4%
Nonwhite, non-indigenous 8.4% 23.8%

Perceived health status <0.001
Excellent 12% 24.2%
Very good 28.8% 37.3%
Good 33.8% 28%
Fair 16.6% 7.9%
Poor 8.8% 2.6%

Perceived mental health status 0.131
Excellent 31.5% 31.9%
Very good 36% 37.2%
Good 24% 23.4%
Fair 6.8% 6%
Poor 1.7% 1.5%

Body mass index class <0.001
Underweight 2.4% 2.2%
Normal weight 38.4% 43.2%
Overweight 37% 34.6%
Obese–classes I, II, III 22.2% 20%

Income (Canadian dollars) <0.001
<20,000 6.8% 6.6%
20,000 to< 40,000 18.6% 12.6%
40,000 to <60,000 16.8% 14.2%
60,000 to <80,000 14.5% 12.8%
>80,000 43.3% 53.8%

Ever smokerb <0.001
Yes 55.4% 41.3%
No 44.6% 58.7%

aNumber of participants with complete (non-missing) information: age: 104,362; sex: 104,362; perceived health: 104,207; perceived mental
health: 101,528; smoking: 104,100; income: 104,253; racial group: 103,007; body mass index: 97,753.
bSmoked more than 100 cigarettes – lifetime.
cCommon-law: as per the legal definition in Canada (https://www.canada.ca/en/revenue-agency/services/tax/individuals/topics/about-your-
tax-return/tax-return/completing-a-tax-return/personal-address-information/marital-status.html).
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suggested that history of cancer is associated with a higher
probability of many individual comorbid conditions as well
as of multiple co-existing comorbid conditions. That said,
this excess comorbidity burden seems to be unequally shoul-
dered by lower socioeconomic strata of the society as well
as those within minority groups. Further efforts are needed
to address structural roots of health inequality among cancer
patients in Canada.

The higher comorbidity burden among participants with
cancer is consistent with several previously published studies
in different jurisdictions [12,13]. The reasons for this higher

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

Prevalence

Prevalence of cancer-comorbidity triads among par�cipants with history of cancer

Cancer/arthri�s/hypertension Cancer/hypertension/hypercholesterolemia Cancer/ arthri�s/hypercholesterolemia

Cancer/hypertension/diabetes mellitus Cancer/ arthri�s/diabetes mellitus Cancer/ arthri�s/heart disease

Cancer/ hypertension/heart disease Cancer/ hypercholesterolemia/DM Cancer/ arthri�s/mood disorder

Cancer/ hypercholesterolemia/heart disease

0%

2%

4%

6%

8%

Prevalence

Prevalence of cancer-comorbidity triads among par�cipants with history of cancer 
(excluding hypertension and hypercholesterolemia)

Cancer/Arthri�s/DM Cancer/Arthri�s/heart disease Cancer/Arthri�s/mood disorder

Cancer/Asthma/ Arthri�s Cancer/COPD/arthri�s Cancer/Arthri�s/anxiety disorder

Cancer/mood disorder/ anxiety disorder Cancer/Heart disease/ DM Cancer/Asthma/ COPD

Cancer/Asthma/mood disorder

(b)

Figure 2. (a) Prevalence of cancer-comorbidity triads among participants with a history of cancer; (b) prevalence of cancer-comorbidity triads among participants
with a history of cancer (after excluding hypertension and hypercholesterolemia).

Table 2. Multivariable logistic regression analysis for the association of cancer
history with each of the studied comorbidities.

Comorbidity
OR (95% CI) (cancer history
versus no cancer history)

Asthma 1.12 (1.00–1.25)
COPD 1.49 (1.33–1.67)
Arthritis 1.27 (1.18–1.37)
Hypertension 1.20 (1.11–1.30)
Hypercholesterolemia 1.28 (1.17–1.40)
Heart disease 1.32 (1.19–1.46)
Stroke 1.05 (0.86–1.28)
Diabetes 1.16 (1.05–1.28)
Mood disorder 1.27 (1.13–1.43)
Anxiety disorder 1.16 (1.04–1.30)
aEach of these analyses is adjusted for age, sex, and racial group.

Table 3. Multivariable logistic regression analysis for factors associated with
multiple comorbid conditions (>2) among patients with cancer.

Parameter OR (95% CI)

Age group
Between 18 and 40 Reference
Between 40 and 60 3.73 (2.30–6.04)
Between 60 and 80 6.64 (4.20–10.48)
80þ 8.32 (5.17–13.39)

Sex
Male Reference
Female 0.99 (0.86–1.13)

Racial group
White Reference
Indigenous 1.94 (1.43–2.63)
Nonwhite, non-indigenous 0.93 (0.65–1.33)

Incomea

<20,000 Reference
20,000 to< 40,000 0.62 (0.48–0.80)
40,000 to <60,000 0.55 (0.43–0.71)
60,000 to <80,000 0.45 (0.34–0.60)
>80,000 0.29 (0.23–0.37)

aIn Canadian dollars.
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comorbidity burden might include common etiological fac-
tors between cancer and comorbid condition(s) (e.g., smok-
ing, lung cancer, and COPD), effects of cancer treatment on
different body organs (e.g., late effects of cancer treatment
among adolescents and young adults with cancer) [14,15], or
the simple fact that cancer patients are older, thus, they are
expected to have more comorbidities (although, in the cur-
rent study, individuals with history of cancer were more
likely to have comorbid conditions even after adjusting for
age category within the multivariable logistic regression).

It is notable that white the non-cancer cohort have equal
distribution of men and women; participants with cancer are
more likely to be females. A possible reason for this observa-
tion is that men are more likely to be affected by more fatal
cancers (e.g., lung or pancreatic cancers) [16]. Thus, they are
less likely to be available as cancer survivors to be included
in such a population-based cancer survey. Geographic differ-
ences in the prevalence of comorbidity among cancer as
well as non-cancer participants can be viewed in light of the
average age within each Canadian jurisdiction. For example,
New Brunswick (the jurisdiction with the highest prevalence
of multiple comorbid conditions) has the second oldest
population in the country; likewise, Northwest Territories (the
jurisdiction with the least prevalence of multiple comorbid
conditions) has the second youngest population in the coun-
try [17].

The discrepancy in the pattern of comorbid conditions
between younger and older Canadian adults with cancer is
noticeable. While somatic comorbid conditions represent the
biggest challenge for older adults with cancer, psychiatric
comorbid conditions are particularly challenging for younger
adults. Previous studies have suggested that depression is
under-diagnosed in the Canadian context among individuals
with a history of cancer [18,19]. This has also been linked to
a higher risk of suicidal ideation among those patients.
These results highlight the particular challenges faced by
younger adults with cancer and the need to have dedicated
teams with expertise in comprehensive approaches for the
management of those patients. It is notable also that mood
and anxiety disorders were more likely reported among indi-
viduals with indigenous racial background versus other racial
groups. Possible reasons might include a relatively younger
age but also the previously reported higher prevalence of
psychiatric disorders among this subgroup of the Canadian
population 8) [20,21]. It has to be noted, however, that all
comorbid conditions (including depression and anxiety) are
self-reported by participants. Thus, these results need to be
approached with caution.

Socioeconomic context represents an important determin-
ant of health in the general population. This has been shown
from population-based data in Canada as well as in other
parts of the world [22]. The association between lower socio-
economic status and multiple comorbid conditions specific-
ally among cancer patients adds to the growing body of
research regarding socioeconomic disparities in cancer care
in Canada as well as in other parts of the world [23,24]. This
can help also explain prior studies suggesting lower survival
among cancer patients who identify as visible minority and

those at the lower socioeconomic category of the society
[25,26]. Although healthcare in Canada is publicly funded,
these results call for addressing deeper causes of healthcare
inequality in Canada beyond simple healthcare costs.

The current study has some limitations that need to be
acknowledged in their context; first, information about can-
cer diagnosis, comorbid conditions, and other sociodemo-
graphic features is based on self-report by participants. While
prior landmark studies from the United States have used the
same strategy (in the context of US National Health
Interview Survey) [27], this approach is still associated with a
theoretical probability of under-, over-, or misreporting infor-
mation for a variety of reasons. Second, and similar to other
population-based surveys, relevant granular data are unavail-
able (including type, stage, and treatment of cancer, time
since cancer diagnosis or treatment, and details of the spe-
cific comorbidity). Thus, it is not possible to establish a more
elaborate relationship between a specific cancer diagnosis
and/or treatment and the subsequent development of a cer-
tain comorbidity. While it is possible that many of these
comorbid conditions have predated cancer diagnosis (and
possibly increased the risk of some of these cancers, e.g.,
metabolic syndrome and breast/prostate cancers) [28], it is
equally possible that some of these comorbid conditions
developed (or exacerbated) because of some cancer treat-
ments (e.g., anthracycline-induced cardiotoxicity; androgen-
deprivation therapy-induced hypercholesterolemia) [29].
Third, as this is a cross-sectional survey, no long-term follow-
up morbidity or mortality data are available. Thus, it is not
possible to acknowledge a specific mortality or morbidity
impact of these comorbidities on those participants. Fourth,
although the 10 reported comorbidities are of interest to the
general population as well as to individuals with history of
cancer, some relevant comorbidities are not reported within
CCHS (specifically, liver and kidney disease). This might have
affected the veracity of the analyses within the current study.
These limitations generally indicate that these results should
inform association rather than causation. Further work is
needed to analyze the interaction between history of cancer
and diagnosis of other comorbid conditions in Canada.
These limitations need to be weighed against the strengths
of the current study, most notably, the representative sample
size and the known rigorous methodology and data collec-
tion approaches of CCHS.

The results of the current study also highlight some of
the challenges associated with interpreting interventional
clinical trial data in oncology. While patients enrolled in
these clinical trials are usually a highly selected cohort of
young individuals with very limited comorbidity, the reality is
that a considerable proportion of cancer patients are elderly
with multiple comorbid conditions [30]. We believe that
regulatory bodies (e.g., Health Canada) have a role in advis-
ing clinical trialists on the need for their studies to represent
real-world cancer patient populations or else approvals for
the respective therapeutic interventions would practically
apply to a very limited subset of real-world patients. There
are also data from real-world settings suggesting that
patients treated within clinical trial settings outperform those
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treated within real-world settings mostly because of
younger age and limited comorbidity of clinical trial partici-
pants [31].

A possible future research question might be the impact
of socioeconomic variables on how participants self-rated
their own health. We have not discussed this topic in the
manuscript in detail as it is beyond the scope of our manu-
script, but we believe that this would deserve a dedicated
analysis, with a potentially larger dataset (as the current
dataset contained small number of participants who self-
rated their health as poor).

In conclusion, history of cancer is associated with a higher
probability of many individual comorbid conditions as well
as of multiple co-existing comorbid conditions. That said,
this higher probability of comorbid conditions seems to be
unequally shouldered by certain strata of the society; with
an observed association between lower socioeconomic sta-
tus, minority status, and having multiple comorbid condi-
tions among individuals with cancer. Further work is needed
to address structural and systemic causes leading to health
inequity among cancer patients. There is a need to have
more inclusive designs of cancer clinical trials incorporating
patients with multiple comorbidities.
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