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Abstract
Purpose The aim of this study was to assess the difference in
explained variance of Health-RelatedQuality of Life (HRQoL)
between comorbidity, sociodemographic characteristics and
cancer characteristics. This association was assessed among
thyroid cancer, colorectal cancer, and (non-)Hodgkin's lym-
phoma patients.
Methods Data from three large population-based surveys
on survivors of thyroid cancer, colorectal cancer, and
(non-)Hodgkin's lymphoma were used. Cancer-specific
HRQoL was assessed with the European Organization for
Research and Treatment of Cancer (EORTC) Quality of Life
Questionnaire Core 30 (QLQ-C30) of which physical func-
tion, emotional function, fatigue, and pain were included in
the analyses. Comorbidity was assessed using the Self-
reported Comorbidity Questionnaire. The association be-
tween comorbidity and HRQoL was assessed with multivar-
iate linear regression models. Semi-partial R2 was reported to
assess the amount of variance in HRQoL explained by co-
morbidity in comparison with sociodemographic and cancer
characteristics.

Results In total, 3,792 cancer survivors were included in this
analysis. The variance in HRQoL subscales explained by
comorbidity was higher compared with sociodemographic
and cancer characteristics for physical function (11–17 vs. 2–
4 and 1–2 %, respectively) and emotional function (7–17 vs.
1–3 and 1–3 %, respectively), regardless of cancer type. In
addition, comorbidity explained 7–20 and 11–13 % of the
variance in pain and fatigue, respectively, compared to 0–
4 % for both sociodemographic and cancer characteristics.
Osteoarthritis and back pain were strongly associated with
physical function and pain, while depression was strongly
associated with emotional function. Depression and back
pain were strongly associated with fatigue.
Conclusions This study showed that comorbidity explained
more variance in physical and emotional function, pain, and
fatigue in comparison with sociodemographic and cancer
characteristics in cancer survivors, regardless of cancer type.
Our findings emphasize the importance of adjusting for the
presence of comorbid diseases when assessing HRQoL in
cancer survivors.
Implication for cancer survivors Cancer survivors suffering
from comorbid diseases experience lower levels of health-
related quality of life. Clinicians should become more aware
of the impact of comorbidity on HRQoL and provide neces-
sary psychological support to assist self-management of
comorbid diseases.
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Introduction

Comorbidity is a complex issue in cancer research. World-
wide, there is a trend of aging of the population [1]. At the
same time, the number of cancer survivors is rapidly
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increasing due to earlier diagnosis and more effective treat-
ments [2]. Together, these two trends increase the number
of patients who survive cancer and have coexisting disease(s),
comorbidity. In The Netherlands, around 60% of elderly cancer
patients aged 65 years or older suffer from at least one other
serious condition with the highest prevalence being previous
cancer, heart disease, hypertension, chronic obstructive pulmo-
nary disease (COPD), and diabetes mellitus [3].

Recently, in cancer research, more attention is being paid to
health-related quality of life (HRQoL) of cancer survivors [4],
where previously the focus was more on objective outcome
measures such as treatment effects and mortality. Comorbid
diseases generally affect patients' HRQoL negatively, with
somatic comorbid conditions affecting mainly physical
HRQoL and psychiatric disorders affecting mainly psychoso-
cial aspects of HRQoL [5, 6]. A study among head and neck
cancer patients showed that having two or more comorbid
conditions was strongly associated with decreased HRQoL
subscales [7, 8]. Another previous study among 158 prostate
cancer survivors showed that the Charlson combined comor-
bidity index impacted on global health and physical function
domains of HRQoL [9]. Furthermore, severe comorbidity
among lung cancer patients resulted in poorer HRQoL com-
pared to lung cancer patients with no severe comorbidity [10].
Our previous research showed that comorbidity is a strong
independent predictor of HRQoL in colon and rectal cancer
survivors [11, 12]. Furthermore, disease characteristics were
less important in predicting HRQoL in cancer survivors, com-
pared with social and demographic characteristics [13, 14].
Previous studies mainly focused on head and neck cancer,
lung cancer, and prostate cancer patients, and all studies found
an association between comorbidity and a lower HRQoL. This
implies that comorbidity might impact on HRQoL generaliz-
able to a wider range of cancer types.

Furthermore, not much attention has been paid to the rela-
tive impact of comorbidity on HRQoL. Most studies do not
investigate the variance in HRQoL explained by comorbidity,
while this effect size can address the relative importance of
comorbidity in comparison with sociodemographic character-
istics and cancer characteristics. One study conducted among
inpatients showed that comorbidity explained 20–60 % of the
total variance of the model predicting HRQoL subscales [15].
One previous study among breast cancer patients found that
comorbidities explained most variance on nearly all subscales
of HRQoL in comparison with demographics and clinical
variables [16]. Furthermore, comorbidity was found to be an
independent prognostic indicator among cancer survivors [3].
While the number of comorbidities increases with age [17], the
elderly are often less aggressively treated compared to younger
cancer patients [3]. Therefore, we will also conduct a
subanalysis among elderly cancer survivors.

The aim of this study was to assess the difference in
explained variance of HRQoL between comorbidity,

sociodemographic characteristics and cancer characteristics.
This association was assessed among thyroid cancer, colo-
rectal cancer, and (non-)Hodgkin's lymphoma patients. We
hypothesized that (1) comorbidity explains a similar or
higher amount of variance in HRQoL measures compared
with sociodemographic and cancer characteristics, (2) co-
morbidity has an impact on HRQoL regardless of cancer
type, and (3) there is a higher prevalence of comorbidity
and a higher impact of comorbidity on HRQoL among the
elderly cancer patients. The results of this study could high-
light the importance of including and correcting for a mea-
sure of comorbidity in studies addressing HRQoL among
cancer survivors.

Methods

Subjects

For this study, data from three large population-based sur-
veys on survivors of thyroid cancer, colorectal cancer, and
non-Hodgkin's and Hodgkin's lymphoma conducted be-
tween 2008 and 2010 were used. The aim of these surveys
was to assess late treatment effects, physical, and mental
HRQoL along with other patient-reported outcomes among
cancer survivors. Data from these studies will become avail-
able online for noncommercial scientific research, subject to
study question, privacy and confidentiality restrictions, and
registration from our patient-reported outcomes registry,
PROFILES (www.profilesregistry.nl) [18].

The Eindhoven Cancer Registry (ECR), maintained by
the Comprehensive Cancer Center South, records data on all
newly diagnosed cancer patients in the southern region of
The Netherlands covering an area with 2.3 million inhabi-
tants and ten hospitals [19]. All thyroid cancer patients
diagnosed between 1990 and 2008, all colorectal cancer
patients diagnosed between 2000 and 2009, and all lympho-
ma patients diagnosed between 1999 and 2008 were eligible
for participation in the surveys. All cancer patients were
surveyed at least 6 months after their cancer diagnosis, in
order to ensure that cancer treatment was completed at the
time of the survey, and at most 10 years (colorectal cancer
and (non-)Hodgkin's lymphoma) to 20 years (thyroid cancer)
after cancer diagnosis. Detailed flow charts of the patient
samplings have been reported elsewhere [20–22]. Patients
who died prior to the study start were identified through the
Central Bureau of Genealogy, which collects information on
all deceased Dutch citizens via the civil municipal registries
and hospital records. After excluding the deceased patients,
the treating physicians verified the status of each eligible
patient before the patient was approached for study partici-
pation (e.g., patients with serious cognitive impairment or
who were in transition to terminal care were excluded). All
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eligible patients received an invitation letter with a login
account and password to complete the survey online. If
patients did not have access to internet or preferred to take
the survey on paper, they could return a postcard, and they
received the paper questionnaire within 1 week. After 2
months, reminders were sent to patients who did not respond
to the survey. More detailed information on the method of
data collection is described elsewhere [18]. After completion
of the data collection, data from each patient were linked to
their clinical characteristics registered in the ECR. All sur-
veys were approved by a medical ethics committee.

Clinical and sociodemographic characteristics

Information on clinical characteristics was available from the
ECR, where date of cancer diagnosis, primary treatment, and
cancer stage are routinely collected from medical records by
trained registrars. Since the ECR only collects data on the
primary tumor and treatment, it cannot be ascertained that
patients were disease-free at the time of the survey.
Sociodemographic characteristics, including age, gender,
and educational level, were assessed in the questionnaire.
In this study, education level was categorized as high (pre-
university education, high vocational training or university)
compared with medium or low.

Health-Related Quality of Life

All cancer survivors completed the European Organization
for Research and Treatment of Cancer (EORTC) Quality of
Life Questionnaire Core 30 (QLQ-C30) (version 3.0) to
assess cancer-specific quality of life. The QLQ-C30 is a
30-item self-report questionnaire which covers five function
scales, a measure of global health or quality of life, and nine
scales on symptoms and side effects. [23]. Since the EORTC
QLQ-C30 does not include an overall score of all scales, and
in order to prevent multiple testing and avoid an associated
type 1 error, the four most important or distinctive scales
were selected. Physical function was included; this scale is
hypothesized to be most distinctive for the somatic health of
different subgroups of cancer survivors [11, 21]. Further-
more, the emotional function scale was included to investi-
gate the impact of comorbidity on mental health as well.
Finally, the symptoms pain and fatigue were included since
these symptoms are highly prevalent among different groups
of cancer survivors [24–26]. All items were scored on a scale
from 1 (not at all) to 4 (very much) and then linearly
transformed to a 1 to 100 scale; a higher score on function
domains represents better function and quality of life, while a
higher score on symptom scales represents more symptoms
[27].

Comorbidity

Comorbidity was assessed using a modified version of the
Self-Administered Comorbidity Questionnaire [15]. The
questionnaire addressed the prevalence, hindrance in daily
activity, and treatment of 14 comorbidities including heart
disease, stroke, high blood pressure, COPD/asthma, dia-
betes, stomach disease, kidney disease, liver disease, ane-
mia, depression, thyroid disease, osteoarthritis, back pain,
and rheumatoid arthritis. Since measuring hindrance in
daily activities could be intertwined with measures of
HRQoL, this could pose a confounding effect in our
planned analyses. Therefore, we only addressed the num-
ber of prevalent comorbidities, and not treatment, and
hindrance in daily activities, resulting in a score ranging
between 0 and 14.

In addition, the effect of individual comorbidities on
HRQoL was studied among the two largest cancer patient
samples including colorectal cancer and non-Hodgkin's lym-
phoma patients. Among thyroid cancer and Hodgkin's lym-
phoma patients, the prevalence of specific comorbidities was
not high enough, with 10 out of 14 and 14 out of 14
comorbidities being prevalent in less than 50 patients, re-
spectively. Stroke, stomach, kidney, and liver diseases were
prevalent in less than 5 % of the colorectal cancer and non-
Hodgkin's lymphoma patients and were therefore excluded
from further analysis as well.

Statistical analyses

Differences in baseline characteristics of the study popu-
lation were analyzed using analysis of variance or chi-
square, where appropriate. Unadjusted associations be-
tween the number of prevalent comorbidities (0, 1 or
≥2) and HRQoL subscales were studied and presented
graphically.

Multivariate linear regression models were constructed to
assess the variance in HRQoL subscales explained by the
number of comorbidities, which was entered as a continuous
variable into the model. Explained variance was reported
as the semi-partial correlation coefficient in percentages
in order to assess the unique contribution of each inde-
pendent variable. The semi-partial correlation coeffi-
cients (R2) of age, gender, and education were summed
and further referred to as sociodemographic characteris-
tics. Similarly, the coefficients of years after cancer diagnosis,
primary cancer treatment, and, where appropriate, cancer
stage, are further referred to as cancer characteristics. There-
after, all comorbidities, with an arbitrarily chosen prevalence
of 5 % or higher, were included separately into the model to
study the effect of each individual comorbid disease on
HRQoL domains. Since anemia (3–8 %) has previously been
reported as being an important long-term effect of cancer
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treatment in non-Hodgkin's and Hodgkin's lymphoma pa-
tients, this disease was included in further analyses [28].

A subanalysis among the elderly aged 70 years or older
was conducted to investigate whether the association between
comorbidity and HRQoL domains was different from the total
study population by using a comparable method as for the
main analyses. We defined elderly oncology patients as those
≥70 years old, according to the European Society for Medical
Oncology [29]. Hodgkin's patients were excluded from this
analysis since only 13 Hodgkin's patients were 70 years or
older. Due to the large number of statistical tests conducted in
this study and to avoid type 1 errors, all differences with a P
value <0.01 were indicated as statistically significant. All
statistical analyses were performed using SAS statistics (ver-
sion 9.2 for Windows, SAS institute Inc., Cary, NC).

Results

Characteristics of the study population

Seventy-one percent of the 5,317 invited cancer survivors
returned a completed questionnaire; 892 invited patients
actively refused or did not complete the survey for other
reasons; and the address of 633 patients could not be verified
(Fig. 1). Response rates were 69, 73, and 67 % among
thyroid cancer, colorectal cancer, and (non-)Hodgkin's lym-
phoma patients, respectively. Respondents were on average

2 years younger and 6 % more often male and surveyed
closer to their cancer diagnosis compared with nonrespon-
dents. In addition, respondents were 4 % more often treated
with surgery and 6 % more often treated with chemotherapy
or surgery and radiotherapy. Detailed information of the
study populations is described elsewhere [20, 21, 30]. In
total, 3,792 patients were included in the present study
(Table 1). Hodgkin's lymphoma patients were the youngest
and most highly educated compared to the other cancer pa-
tients included. Thyroid cancer patients were surveyed fur-
thest from their diagnosis (10±5 years) compared with other
cancer patients included (5±3 years). Primary cancer treat-
ment and cancer stage differed significantly between the four
different cancer types. Hodgkin's lymphoma patients scored
highest on physical function compared to the other cancer
patients. Emotional function was highest, while fatigue symp-
toms were lowest among colorectal cancer survivors.

Comorbidity

Colorectal and thyroid cancer patients suffered from most
comorbid diseases with 46 and 44 % suffering from two or
more comorbid conditions, respectively (Table 2). Heart
disease was most prevalent among colorectal cancer and
non-Hodgkin's lymphoma patients with an approximate
prevalence of 20 %. High blood pressure (35 %) and diabetes
(15 %) were most prevalent among colorectal cancer survi-
vors. Anemia was highest among non-Hodgkin's lymphoma

In total, 5317 patients were eligble for participation
(i.e. after excluding deceased patients, terminally 
ill/demented patients, patients in hospitals which 

were not willing to participate)

Colorectal cancer patients
Diagnosed between 2000-2009

N=3585

Thyroid cancer patients
Diagnosed between 1998-2008

N=568

Hodgkin Lymphoma patients
Diagnosed between 1998-2008

N=223

Non-Hodgkin Lymphoma patients
Diagnosed between 1998-2008

N=1064

In total, 3972 cancer patients completed the 
questionnaire, including:

Thyroid cancer patients N=306   (54%) 
Colorectal cancer patients N=2620 (73%) 
Hodgkin lymphoma patients N=150   (67%) 
Non-Hodgkin lymphoma patients N=716   (67%) 

The  adresses of 633 patients 
could not be verified

892 patients actively refused or 
did not complete the 

questionnaire for other reasons

Fig. 1 Flowchart of the study process
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patients (8 %), while thyroid disease was most prevalent
among thyroid cancer patients (30 %) and Hodgkin's lym-
phoma patients (12 %).

Number of comorbidities and HRQoL

Among all cancer survivors, except for thyroid cancer
patients, having one and/or two or more comorbidities
was significantly associated with lower physical and
emotional function and higher levels of pain and fatigue
(Fig. 2a–d). Among thyroid cancer patients, no significant
difference in emotional function between no, one, or

two or more comorbidities was observed. Similarly,
physical function was lower, while levels of pain and
fatigue were higher among thyroid cancer patients hav-
ing one and/or two comorbidities compared with those
who had no comorbidity.

Multivariate linear regression models showed that the
number of comorbidities was strongly related to the studied
subscales of the QLQ-C30, with a P value <0.01 among all
cancer survivors. All standardized betas were in the expected
direction with more comorbidities resulting in lower physical
and emotional function (standardized betas; −0.3 to −0.5).
Similarly, having more comorbidities was associated with

Table 1 Characteristics of the
study population in means ±
standard deviation or n
(in percentage)

NA not applicable
a Excluding Hodgkin's lympho-
ma patients
b Pain and fatigue are scored in
opposite direction with higher
scores indicating more
symptoms

Thyroid
cancer
(n=306)

Colorectal
cancer
(n=2620)

Hodgkin's
lymphoma
(n=150)

Non-Hodgkin's
lymphoma
(n=716)

P value

Sociodemographic characteristics

Age 56±15 69±10 47±15 64±12 <0.0001

Gender

Male 76 (25) 1,446 (55) 81 (54) 439 (61) <0.0001

Female 230 (75) 1,174 (45) 69 (46) 277 (39)

Educational level

Medium or low 225 (74) 2,083 (80) 101 (68) 532 (77) <0.0001

High 80 (26) 508 (20) 48 (32) 163 (23)

Cancer characteristics

Years after diagnosis 10±5 5±3 5±3 5±3 <0.0001

Tumor stage

1 172 (58) 778 (30) NA 100 (33) <0.0001a

2 59 (20) 945 (37) NA 77 (25)

3 48 (16) 723 (28) NA 54 (18)

4 20 (7) 114 (4) NA 76 (25)

Treatment

Surgery and iodine ablation 212 (70) <0.0001

Surgery only 83 (27) 1,256 (48) 11 (2)

Surgery and radiotherapy 9 (3) 588 (23) 6 (1)

Surgery and chemotherapy 545 (21) 9 (11)

Surgery, radio- and
chemotherapy

203 (8) 10 (11)

Chemotherapy only 14 (1) 55 (37) 303 (44)

Radiotherapy only 2 (0) 4 (3) 62 (9)

Watchful waiting 1 (1) 187 (27)

Radio- and chemotherapy 90 (60) 85 (12)

Stem cell transplantation 1 (0)

Stem cell transplantation and
chemotherapy

22 (3)

HRQoL (QLQ-C30)

Physical functioning 83±20 80±21 87±16 80±20 0.0002

Emotional functioning 84±20 86±19 83±23 84±21 0.04

Painb 17±25 16±24 13±22 16±25 0.27

Fatigueb 28±25 22±24 28±27 28±25 <0.0001
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higher levels of pain and fatigue, with all standardized betas
ranging between 0.3 and 0.5.

These models also showed that the variance explained by
the number of comorbidities was higher compared with
sociodemographic and cancer characteristics for all cancer
survivors (Fig. 3a–d). The number of comorbidities explained
11–17 % of the variance in physical function compared with
2–4 and 1–2 % for sociodemographic and cancer characteris-
tics, respectively. A 7–17 % of the variance in emotional
function was explained by the number of comorbidities com-
pared with 1–3 % for both sociodemographic and cancer
characteristics. Finally, the number of comorbidities explained
7–20 and 11–13 % of the variance in pain and fatigue, respec-
tively, compared with 0–4 % for both sociodemographic and
cancer characteristics. When including the overlap between
the studied predictors of HRQoL as well, the total explained
variance (R2) of the models ranged between 9 and 27 %
(Fig. 3a–d).

Individual comorbidities and HRQoL

Including the selected comorbidities separately in the model
resulted in higher proportions of explained variance (2–
11 %) for all studied subscales compared to including the
number of comorbidities (Table 3 and Fig. 3). Variance in
physical function was explained most by heart disease and

back pain with 2–4 % among colorectal and non-Hodgkin's
lymphoma patients (Table 3). Depression explained most
variance in emotional function with 12 and 8 % among
colorectal and non-Hodgkin's lymphoma patients, respec-
tively. Variance in pain was explained most by back pain
with around 7 %, and variance in fatigue was mainly
explained by depression and back pain with 2–3 %. Again,
all significant standardized betas were in the expected direc-
tion ranging between −0.1 and −0.2 for physical function,
between −0.1 and −0.4 for emotional function, between 0.1
and 0.3 for pain, and between 0.1 and 0.2 for fatigue. The
total explained variance (R2) in HRQoL ranged between 20
and 30 % across the different models.

Elderly

Comorbidity among thyroid cancer, colorectal cancer, and
non-Hodgkin's lymphoma patients was significantly higher
among the elderly. Fifty-two percent of those aged ≥70 years
suffered from two or more comorbid conditions compared
with 38 % of survivors younger than 70 years old. Compared
to patients aged <70 years old, the prevalence of heart
disease (28 vs 11 %), stroke (4 vs 1 %), hypertension (38
vs 27 %), diabetes (16 vs 10 %), anemia (7 vs 4 %), and
osteoarthritis (31 vs 21 %) was significantly (P value<0.01)
higher among elderly aged ≥70 years. Thyroid disease and

Table 2 Frequencies (n (in per-
centage)) of the self-reported
number and type of comorbidity
among the study population

Thyroid
cancer
(n=306)

Colorectal
cancer
(n=2620)

Hodgkin's
lymphoma
(n=150)

Non-Hodgkin's
lymphoma
(n=716)

P value

Number of comorbidities (n (%))

None 75 (25) 613 (25) 64 (46) 189 (29) <0.0001

1 92 (31) 708 (29) 43 (31) 205 (31)

≥2 133 (44) 1,126 (46) 32 (23) 266 (40)

Types of comorbid diseases (n (%))

Heart disease 33 (11) 462 (19) 13 (9) 130 (20) 0.0002

Stroke 4 (1) 66 (3) 2 (1) 13 (2) 0.33

Hypertension 79 (26) 862 (35) 15 (11) 141 (21) <0.0001

Asthma/COPD 30 (10) 266 (11) 17 (12) 75 (11) 0.89

Diabetes 22 (7) 356 (15) 6 (4) 49 (7) <0.0001

Stomach disease 5 (2) 41 (2) 1 (1) 13 (2) 0.78

Kidney disease 8 (3) 100 (4) 1 (1) 13 (2) 0.01

Liver disease 1 (0) 78 (3) 1 (1) 6 (1) 0.0002

Anemia 13 (4) 117 (5) 4 (3) 55 (8) 0.001

Thyroid disease 89 (30) 117 (5) 16 (12) 31 (5) <0.0001

Depression 21 (7) 170(7) 14 (10) 52 (8) 0.49

Osteoarthritis 76 (25) 635 (26) 21 (15) 264 (25) 0.04

Back pain 98 (33) 664 (27) 23 (17) 160 (24) 0.002

Rheumatoid arthritis 26 (9) 164 (7) 4 (3) 46 (7) 0.16
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depression were less prevalent among the elderly aged ≥70-
years compared to the younger patients with 5 vs 8 % and 6
vs 8 %, respectively. When studying the association between
the number of comorbidities and HRQoL outcomes in mul-
tivariate regression models, similar results as for the total
study population were found for elderly colorectal cancer
patients (Fig. 4b). Among elderly thyroid cancer patients, the
number of comorbidity explains more of the variance in
emotional function, pain, and fatigue compared to the total
sample (Fig. 4a). Among elderly non-Hodgkin's patients, the
number of comorbidities explained less while cancer char-
acteristics explained more variance in all studied subscales
compared with the total population (Fig. 4c). When includ-
ing the overlap between the studied predictors of HRQoL,

the total explained variance (R2) of the models ranged be-
tween 9 and 46 %.

Discussion

In this study, we showed that in comparison with
sociodemographic and cancer characteristics, comorbidity
explained more variance in physical function, emotional
function, pain, and fatigue. This was found regardless of
cancer type. Similar patterns were seen for thyroid cancer,
colorectal cancer, and (non-)Hodgkin's lymphoma patients.
Among the elderly (≥70 years) thyroid cancer patients, co-
morbidity seemed to become more important, while in

22

†

†

†

10

20

30

40

50

60

70

100

No comorbidity 

1 comorbidity
2 comorbidities

‡

‡

‡

0

10

20

30

40

50

60

70

80

90

100

Physical 
functioning

Emotional 
functioning

Pain Fatigue 

a. Thyroid cancer

†

‡

‡

‡
‡

0

10

20

30

40

50

60

70

80

90

100

Physical 
functioning

Emotional 
functioning

Pain Fatigue 

b. Colorectal cancer

†

†

†

†

†

†

0

10

20

30

40

50

60

70

80

90

100

Physical 
functioning

Emotional 
functioning

Pain Fatigue 

c. Hodgkin’s lymphoma

†
†

†

‡

‡

‡

‡

0

10

20

30

40

50

60

70

80

90

100

Physical 
functioning

Emotional 
functioning

Pain Fatigue 

d. Non-Hodgkin’s lymphoma

Fig. 2 a–d Means of four
domains of the QLQ-C30
questionnaire according to the
number of comorbidities among
thyroid (a), colorectal cancer (b),
Hodgkin's lymphoma, (c) and
non-Hodgkin's lymphoma
patients (d). †P<0.01,
significantly different from
participants with no comorbidity.
‡P<0.01, significantly different
from participants with no
comorbidity and those with one
comorbidity. Pain and fatigue are
scored in opposite direction with
higher scores indicating more
symptoms
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elderly (≥70 years) non-Hodgkin's lymphoma patients, can-
cer characteristics seemed to have greater impact on HRQoL
compared to the results for the total population. As hypoth-
esized, the prevalence of comorbidity was higher among the
elderly, but did not have a higher impact compared to
sociodemographic and cancer characteristics among all can-
cer survivors.

The total explained variance found in the models predicting
physical function, emotional function, pain, and fatigue
ranged between 9 and 27 %. This amount of explained

variance is comparable to that of a previous study conducted
among hospitalized patients who reported a total explained
variance of 25, 19, and 20 % for physical functioning, bodily
pain, and vitality, respectively [15]. Comorbidity explained
about 7–19 % of the variance in HRQoL in our study. A
previous study among breast cancer patients found that co-
morbidity explained less variance ranging between 0 and
10 %, which might be the result of this different study popu-
lation [16]. In general, the total explained variance in our
study is still somewhat low, with a maximum of 27 % of the
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Fig 3 a–d Variance (semi-
partial R2 (in percentage))
explained by sociodemographic
characteristics (age, gender, and
educational level), cancer
characteristics (primary
treatment, stage, and years after
diagnosis), and the number of
comorbidities among thyroid
cancer (a), colorectal cancer (b),
Hodgkin's lymphoma, (c) and
non-Hodgkin's lymphoma
patients (d)
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Table 3 Variance (semi-partial R2 (in percentage)) in health-related quality of life measures explained by most frequent comorbidities, sociodemographic,
and cancer characteristics. Thyroid and Hodgkin's lymphoma patients were not included due to the low prevalence (N<50) of most comorbidities

Colorectal cancer Non-Hodgkin's lymphoma

PF EF PA FA PF EF PA FA

Heart disease 1.9‡ 0.7‡ 0.4† 1.9‡ 3.6‡ 1.3† 0.3 1.8†

Hypertension 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

Asthma/COPD 1.8‡ 0.3† 0.5† 1.2‡ 0.1 0.1 0.0 0.3

Diabetes 0.4† 0.0 0.0 0.1 0.8† 0.0 0.2 0.1

Anemia 1.1‡ 0.0 0.7‡ 0.7‡ 0.2 0.0 0.2 0.1

Thyroid disease 0.1 0.2 0.2 0.0 0.0 0.1 0.1 0.0

Depression 1.0‡ 12.0‡ 0.6‡ 3.2‡ 1.2† 7.9‡ 0.9† 2.6‡

Osteoarthritis 0.4† 0.0 1.6‡ 0.2 1.6† 0.2 3.3‡ 0.7

Back pain 1.6‡ 1.2‡ 6.5‡ 2.0‡ 2.5‡ 3.8‡ 7.2‡ 2.9‡

Rheumatoid Arthritis 0.2 0.2† 0.9‡ 0.1 1.6† 0.3 2.4‡ 2.0†

Sociodemographic characteristicsa 4.5‡ 1.0‡ 0.8† 0.4† 3.3† 0.6 0.5 0.5

Cancer characteristicsb 2.0‡ 1.6† 0.9† 1.6† 1.4 2.7 0.9 4.2†

Total R2 23.6 20.7 21.3 17.3 29.8 20.1 26.2 20.5

Adjusted R2 22.9 20.0 20.6 16.6 27.1 17.1 23.4 17.4

PF physical function, EF emotional function, PA pain, FA fatigue
†P<0.01, ‡P<0.0001
a Sociodemographic characteristics include age, gender, and educational level; variable is regarded as statistically significant if at least one of the
cancer characteristics has a P<0.01 or P<0.0001
b Cancer characteristics include time since cancer diagnosis, primary treatment, and stage where applicable; variable is regarded as statistically
significant if at least one of the cancer characteristics has a P<0.01 or P<0.0001
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variance explained. Other factors, which we did not take into
account, could have contributed to the unexplained variance.
Previous studies showed that personality traits such as neuro-
ticism and coping strategies are also associated with HRQoL
[31] and might have played a role. Another possible predictor
is social support [32, 33], which might contribute to the studied
association. In addition, symptoms of pain and fatigue are
found to be associated with physical function [16], and omit-
ting these symptoms could account for the low amount of
explained variance in physical function that we found.

Among thyroid cancer patients, comorbidity seemed to in-
crease in importance among the elderly compared with the total
thyroid cancer sample. This might be a result of the increased
prevalence of heart disease, high blood pressure, diabetes, and
rheumatoid arthritis among the elderly. Similar results were
found in a study among breast cancer patients, in which the
impact of cancer and its treatment attenuated over time, while
multimorbidity had greater impact on functional decline [34].
However, the prevalence of comorbidity was also higher
among elderly colorectal cancer and non-Hodgkin's lymphoma
patients where this higher importance of comorbidity was not
observed. Among non-Hodgkin's lymphoma patients, the op-
posite was found, with comorbidity explaining less of the
variance in HRQoL among the elderly compared to the total
sample. Instead, cancer characteristics were more important
among the elderly non-Hodgkin's lymphoma patients. This
difference between the young and elderly non-Hodgkin's lym-
phoma patients could not be explained by differences in
cancer stage, primary treatment, and time since diagnosis or
type of non-Hodgkin's lymphoma (indolent or aggressive).
Non-Hodgkin's lymphoma patients often receive intensive
medical treatment which can interfere with HRQoL long after
their treatment [35, 36]. But why elderly experience lower
HRQoL as a result of cancer characteristics is unclear. Future
studies should further assess the complex association between
comorbidity and HRQoL among elderly cancer survivors.

This study contributes to the paucity of knowledge on the
association between comorbidity and HRQoL in cancer sur-
vivors. It showed that comorbidity explained more of the
variance in HRQoL compared with sociodemographic and
cancer characteristics. Therefore, these results can contribute
to further research addressing the challenging issue of the
effect of comorbidity on HRQoL in cancer patients. In addi-
tion, clinicians should become more aware of the impact of
comorbidity on HRQoL and provide necessary psychological
support to assist self-management of comorbid diseases. The
self-reported nature of our comorbidity assessment could be
advantageous, since self-report shows high agreement with
physician diagnoses [37], while comorbidity in administrative
data is often underreported [38]. In addition, this is a large
population-based study with a high response rate which en-
abled the identification of the comorbidities that were strongly
associated with separate HRQoL subscales.

The inclusion of long-term survivors could have resulted
in survivorship bias. This might especially be an issue
among colorectal cancer and non-Hodgkin's lymphoma pa-
tients, since these patients have generally a worse prognosis
compared to the other cancer types. As such, the possible
inclusion of a healthier sample could have underestimated
the prevalence of comorbidity. Furthermore, patients who are
unable to complete questionnaires, due to severe illness or
cognitive impairments, were excluded, while these patients
are more likely to have a high burden of comorbidities as
well. This could have resulted in an underestimation of the
found association. In addition, our inclusion of the cancer
types in this analysis is somewhat arbitrary, which was based
on the availability of QLQ-C30 scores for comparison. How-
ever, we expect similar results in different cancer types as our
results are in line with other studies focusing on other
cancers.

Furthermore, the cross-sectional study design makes
the direction of the association between comorbidity and
HRQoL debatable. We cannot ascertain whether the
self-reported comorbid conditions were present before
the cancer diagnosis or developed thereafter. In addition,
it is questionable whether the comorbidities measured in
this study are independent predictors of HRQoL, since
comorbid conditions can interact with treatments or
could be caused by cancer treatment and synergistically
lower HRQoL [39]. For example, anemia is common in
cancer patients, and the risk of anemia increases when
patients receive chemotherapy for a longer time [28],
while thyroid disease is common among thyroid cancer
patients and among Hodgkin's lymphoma survivors treated
with external radiotherapy [40]. Furthermore, the prevalence
of thyroid disease might have been overestimated among
thyroid cancer patients as these patients might have
reported having thyroid disease as a result of their
cancer diagnosis. However, sensitivity analyses among
thyroid cancer patients excluding thyroid disease as a
comorbidity revealed similar findings (data not shown).
In addition, some comorbid conditions might increase
the risk of complications from cancer therapy, with, for
example, diabetes increasing the risk of neuropathy in
patients treated with paclitaxel [41], and hypertension
and obesity increasing the risk of heart failure in pa-
tients treated with trastuzumab [42, 43]. Furthermore,
lifestyle factors, such as eating patterns and physical
activity, were out of the scope of this study but could
have influenced the association between comorbidity
and HRQoL. Therefore, future research should address
the complex association between comorbidity and life-
style factors and its association with HRQoL.

In conclusion, this study showed that comorbidity ex-
plains more variance in physical and emotional function,
and pain and fatigue compared with sociodemographic and
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cancer characteristics in cancer survivors, regardless of cancer
type. These results emphasize the importance of adjusting for
the presence of comorbid diseases when assessing HRQoL in
cancer survivors. Future research should focus on the preven-
tion and treatment of comorbidity to improve HRQoL in
cancer patients.
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