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Abstract
Objectives: Studies have shown that poor Health-related quality of life (HRQoL) might worsen the cancer-related
prognosis. The aim of this study was to investigate risk factors for poor HRQoL in patients with colon cancer.

Method: This was a prospective population-based study of patients with colon cancer included between 2012 and
2016. HRQoL was measured using the cancer-speci�c European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire C30. Multiple linear regression analysis adjusted for age, sex, body mass index,
smoking habits, American Society of Anesthesiologists physical status classi�cation, emergency/elective surgery,
resection with/without a stoma and tumour stage was used.

Results: A total of 67% (376/561) of all incident patients with colon cancer (196 [52.1%] females) was included.
Mean (range) age was 73 (30–96) years. Patients with more comorbidity (American Society of Anesthesiologists
status 3 and 4), those with higher body mass index, smokers and patients who were planned to be operated on with
a stoma were at a higher risk for poor QoL than the other included patients at baseline and at 6 months of follow-up.

Conclusion: These �ndings may be used to provide more individualized attention to patients who need more support
from health care.

ClinicalTrials.gov (NCT 03910894)

Introduction
Recently, increased attention has been paid to the cancer patient’s health-related quality of life (HRQoL) because
improved surgical and oncological treatments have prolonged the life expectancy of a signi�cant number of
patients.

A diagnosis of colorectal cancer has a major impact on the lives of patients. They experience functional
impairments and other adverse effects related to the cancer. Therefore, it is important to identify their needs and the
major predictors of HRQoL.

The term ‘HRQoL’ is multifactorial and subjective (1), and therefore di�cult to quantify. It refers to information about
the patient’s perceived physical, emotional and social functioning. The well-validated colorectal cancer-speci�c
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire C30 (EORTC QLQ-C30)
has been developed to capture cancer-speci�c symptoms and is widely used (2).

Several factors are known to be associated with HRQoL in patients with colorectal cancer, such as socio-
demographic characteristics, treatment-related factors and lifestyle-related factors such as smoking, physical
activity, diet and alcohol intake (3, 4).

Many studies on colon cancer focus on short-term effects, i.e. they compare the effects of different treatments such
as open versus laparoscopic surgery (5) or chemotherapy (6), which in some studies has been shown to reduce
HRQoL early after treatment, on HRQoL. In patients with advanced disease, fatigue appears to be the most
damaging factor (7). Long-term follow-up studies from Germany and the Netherlands that used the EORTC QLQ-C30
reported that younger patients have more adverse symptoms than older patients (8, 9).

Studies on HRQoL have been performed in patients with colorectal cancer in several countries at the national level,
but no data are available for patients with colon cancer in Sweden. Therefore, this study aimed to investigate the
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HRQoL in a well-de�ned population of patients with colon cancer at diagnosis and at 6 months of follow-up using
the EORTC QLQ-C30 questionnaire. We aimed to compare these data with those of a Swedish reference population.
Furthermore, we sought to identify risk factors associated with poor reported outcomes for HRQoL in patients with
colon cancer that could be used to support enhanced aftercare.

Method

2.1 Study population
This was a prospective cohort study comprising all patients diagnosed with colon cancer between March 2012 and
September 2016 at Västmanland Hospital Västerås, Sweden. Västmanland is a medium-sized Swedish county
located approximately 100 km west of Stockholm with approximately 270,000 inhabitants. Västmanland Hospital
Västerås is the only hospital in the county that provides treatment to patients with colon cancer. Västmanland is
considered representative of Swedish society because of its distribution of educational, income and employment
levels, as well as urban and rural areas (10). In total, 376 patients were enrolled in the study, representing 67%
(376/561) of all incident colon cancer cases in the county during that time period (Fig. 1). All included patients
provided written informed consent to participate in the study and were guaranteed con�dentiality. They were
included in the ward or at the outpatient clinic. At the 6-month follow-up, 20 patients had died while 34 did not return
the questionnaire.

This study was approved by the Regional Ethics Committee of Uppsala University (Dnr 2011/417) and registered at
ClinicalTrials.gov (NCT 03910894).

2.2 Measurements

2.2.1 Demographic and tumour stage characteristics
Clinical data for age (years), sex and tumour location were recorded in a local protocol. Body mass index (BMI) was
calculated as an individual’s weight in kg divided by their height in meters squared (kg/m2). The American Society of
Anesthesiologists (ASA) physical status classi�cation (1–4) was used as a surrogate marker for morbidity. We
compared patients with less comorbidity (ASA status 1 and 2) with patients with more comorbidity (ASA status 3
and 4). Pathological staging (tumour–node–metastasis, TNM; I–IV) was recorded. We compared patients with
metastases (TNM IV) with patients with non-metastatic disease (TNM I–III).

2.2.2 smoking status
Patients were asked about their smoking habits (non-smoker, former smoker or current smoker). A former smoker
was de�ned as having smoked during the previous 10 years. We compared current smokers with former and non-
smokers.

2.3 Treatment
Both surgically and non-surgically treated patients were included. Patients entered the hospital through the
emergency ward or were referred to the outpatient clinic (elective). Patients who were treated surgically underwent a
right, left or total colectomy with (stoma with resection) or without a stoma. Left-sided surgery included both left-
sided, sigmoid and high-anterior resections. One group of patients was treated only with a stoma (stoma without
resection) because of severe comorbidity or metastatic disease.

2.4 data collection
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The data on demography and clinical variables were collected prospectively before treatment using a prede�ned
local quality registry form, and then compared with data from the Swedish Colorectal Cancer registry (11). Decisions
about treatment for individual patients were made in multidisciplinary meetings and followed the processes of the
National Colorectal Cancer follow-up program. All patients in this study; also those who were not included in the
HRQoL study, agreed to be included in the local and national registries.

Patients who agreed to participate in the HRQoL study provided written informed consent and were asked to
complete the EORTC QLQ-C30 questionnaire at diagnosis and at the 6-month follow-up. Inability to understand the
questionnaire or severe comorbidity were the exclusion criteria (Fig. 1). The time window to complete the baseline
form was within a month after diagnosis and before surgery or at the start of palliative treatment. At the 6-month
follow-up, the HRQoL questionnaire was sent to all participating patients. Non-responders were mailed up to two
reminder letters.

2.5 HRQoL questionnaire
The EORTC QLQ-C30 is an HRQoL questionnaire developed by the EORTC Quality of Life Study Group to assess QoL
in patients with cancer in clinical trials (12). It consists of 30 items comprising �ve functional scales (physical, role,
emotional, cognitive and social) and three symptom scales (fatigue, nausea and vomiting, and pain). Six single
items are also included (dyspnoea, insomnia, appetite loss, constipation, diarrhoea and �nancial di�culties). The
�nal two items in the questionnaire assess global health and overall QoL. Raw data were transformed to
standardized scores ranging from 0 to 100 using the EORTC scoring manual. A high score on the functional scales
represents a high level of functioning (i.e. a higher score is better), whereas a high score on the symptom scales
represents a high level of symptoms (i.e. a lower score is better). Differences in mean QoL scores > 10 points were
considered clinically meaningful (13).

The population reference values used in this study were retrieved from a Swedish reference study including a total of
4008 age-strati�ed individuals, born between 1918 and 1979, who completed the EORTC QLQ-C30 questionnaire.
These individuals were selected from a population-based registry (SEMA) and represented a random sample of the
population in Sweden (14).

2.6 statistical methods
Categorical data are presented as frequencies and percentages, n (%), while ordinal and continuous data are
presented as means with accompanying standard deviations. Pearson’s χ2-test and Welch’s independent samples t-
test were used for categorical and continuous variables, respectively, to evaluate the signi�cance of differences in
demographics, lifestyle and clinical risk factors between included and non-included patients. Tests of differences in
HRQoL between the participating individuals and the Swedish reference population were performed using Welch’s
independent samples t-test separately for men and women. Sex-speci�c EORTC QLQ-C30 data for individuals aged
70–79 years reported by Michelson et al. (15) were used as the reference (standard). Tests of differences between
participants’ data at baseline and follow-up were performed using a paired samples t-test.

The associations between demographics, lifestyle and clinical risk factors (independent variables) and the change in
HRQoL from baseline to follow-up (dependent variable) were examined using separate complete-cases multiple
linear regression analyses for each EORTC QLQ-C30 scale/item. Male sex, age (years), smoking, BMI (kg/m2), ASA
classi�cation 1 or 2 (patients with fewer comorbidities), emergency surgery, TNM stages I–III (patients with non-
metastatic disease) and stoma (with resection, without resection or no stoma [reference]) were included as
independent variables in the multiple regression analyses, together with the baseline values of the EORTC QLQ-C30
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scale/item in question. Results from the linear regression analyses are presented as the β coe�cient (i.e. the
coe�cient of the slope indicating the magnitude of the linear association between the independent and dependent
variables) with accompanying 95% con�dence intervals.

All statistical analyses were performed using IBM SPSS Statistics software (v. 24 or later; IBM, Armonk, NY, USA),
with p-values < 0.05 considered statistically signi�cant.

Results
The baseline characteristics of the colon cancer study population are presented in Table 1. Data of patients who
were included in the HRQoL study (n = 376) and those who were not included (n = 185) are presented. No major
differences were found between included and non-included patients with respect to age, sex or BMI. The non-
included patients had more comorbidities and a more advanced tumour stage (TNM). A greater number of included
patients had undergone elective surgery, had lesser comorbidity (lower ASA status) and fewer received a stoma
compared with those in the non-included group. In total, 67/376 (17.8%) patients entered the hospital through the
emergency ward. Of these, 59 underwent emergency surgery. Of the patients receiving emergency surgery, 31/59
(52.5%) and 10/59 (16.9%) were operated with a stoma, with and without bowel resection, respectively.
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Table 1
Descriptive characteristics for patients included in the HRQoL study group (n = 376) and those who were not

included but were registered in the local and national protocol (n = 185).

  Included (n = 376) Not included (n = 185)  

Variable Value Missing, n (%) Value Missing, n (%) p-value

Male sex, n (%) 180 (47.9) - 89 (48.1)   0.858

Age (years), mean (SD) 73.3 (10.9) - 73.6 (13.2)   0.777

Current smoker, n (%) 34 (9) 16 (4.3) 12 (6.5) 55 (29.7) -

BMI (kg/m2), mean (SD) 26.6 (4.37) 4 25.8 (5.60) 11 0.120

ASA status, n (%)         < 0.001

− 1 43 (11.4)   10 (5.5) 4  

− 2 185 (49.2)   76 (42.0)    

− 3 134 (35.6)   78 (43.1)    

− 4 14 (3.7)   17 (9.4)    

Operated, n (%) 343 (91.2) - 135 (73.0)   < 0.001

Emergency surgery, n (%) 59/343 (17.2) - 80/135 (59.2)   < 0.001

Operation type         < 0.001

− No resection 16 (4.7)   25 (18.5)    

− Right-sided operation 191 (55.7)   59 (43.7)    

− Left-sided operation 117 (34.1)   36 (26.7)    

− Colectomy 19 (5.5)   14 (10.4)    

− Laparotomy 0   1 (0.7)    

Stoma         < 0.001

− Yes, with resection 89/343 (25.9)   51/135 (37.8)    

− Yes, without resection 14/343 (4.1)   28/135 (20.7)    

− No 240/343 (70.0)   56/135 (41.4)    

TNM stage, n (%)         < 0.001

− 1 37 (9.8)   20 (10.8)    

− 2 155 (41.2)   45 (24.3)    

− 3 131 (34.8)   40 (21.6)    

− 4 53 (14.1)   79 (42.7)    

ASA, American Society of Anesthesiologists; BMI, body mass index; HRQoL, health-related quality of life; SD,
standard deviation; TNM, tumour–node–metastasis.
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  Included (n = 376) Not included (n = 185)  

− x     1 (0.6)    

ASA, American Society of Anesthesiologists; BMI, body mass index; HRQoL, health-related quality of life; SD,
standard deviation; TNM, tumour–node–metastasis.

Table 2 presents a comparison of HRQoL of the included patients with colon cancer with that of a Swedish reference
population (14). In the patients with colon cancer at baseline, there were lower values for 11/15 and 10/15
parameters of HRQoL for men and women, respectively, compared with the Swedish reference population. At the 6-
month follow-up, men had less dyspnoea and less constipation and women had better role and emotional
functioning and were less constipated compared with their respective sex in the Swedish reference population
(Table 2). Symptom scores were numerically higher in the colon cancer group than in the Swedish reference
population (Table 2).
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Table 2
Comparison of the included colon cancer patient´s HRQoL with the Swedish reference population (Standard) at

baseline and 6-month follow-up, univariate analyses. Data for men and women presented separately.
Men   Standarda   Baseline

Västerås

    Follow-
up

     

Scale n Mean
(SD)

n Mean
(SD)

pstandard
b n Mean

(SD)
pstandard

c nd pdiff
e

Global
health
status

230 76.4
(22.8)

177 59.7
(23.6)

< 0.001 132 68.0
(22.4)

0.001 130 0.008

Functional
scales

                   

Physical
function

224 81.6
(22.7)

178 79.0
(20.8)

0.232 130 80.5
(18.5)

0.629 129 0.083

Role
function

224 82.6
(29.7)

178 67.2
(34.7)

< 0.001 130 72.7
(31.4)

0.004 129 0.577

Emotional
function

223 88.2
(17.3)

178 74.7
(21.1)

< 0.001 132 81.1
(22.3)

0.002 131 0.006

Cognitive
function

228 85.2
(16.9)

178 85.3
(17.3)

0.954 132 83.1
(20.4)

0.313 131 0.074

Social
function

230 89.1
(21.1)

178 77.9
(25.0)

< 0.001 132 73.3
(28.9)

< 0.001 131 0.020

Symptom
scales/items

                   

Fatigue 227 21.5
(23.1)

178 39.0
(25.7)

< 0.001 132 33.7
(24.0)

< 0.001 131 0.350

Nausea and
vomiting

234 2.5 (10.0) 178 9.5
(18.4)

< 0.001 132 5.6
(12.5)

0.017 131 0.527

Pain 226 19.2
(25.0)

178 23.0
(26.9)

0.144 132 14.8
(22.2)

0.084 131 0.013

Dyspnoea 232 23.7
(29.4)

178 29.2
(29.8)

0.062 130 27.4
(26.4)

0.216 129 0.525

Insomnia 231 11.8
(22.5)

178 26.7
(29.7)

< 0.001 132 21.0
(29.8)

0.002 131 0.017

a Values in the standard population were from sex-speci�c data for ages 70–79 years in a study by Michelson et
al. (2000)

b p-values for difference between values at baseline and values in the standard population.

c p-values for difference between values at follow-up and values in the standard population.

d Number of individuals with answers at both baseline and follow-up.

e p-values for difference between values at baseline and follow-up.

HRQoL, health-related quality of life; SD, standard deviation.
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Men   Standarda   Baseline

Västerås

    Follow-
up

     

Appetite loss 233 2.7 (11.9) 178 21.2
(32.2)

< 0.001 132 10.9
(23.8)

< 0.001 131 0.036

Constipation 234 6.7 (17.7) 178 12.8
(25.6)

0.007 131 6.4
(16.6)

0.855 129 0.049

Diarrhoea 231 4.2 (13.1) 177 24.1
(31.2)

< 0.001 131 18.6
(24.9)

< 0.001 130 0.422

Financial
di�culties

230 5.4 (16.0) 175 6.5
(18.5)

0.539 132 8.8
(23.6)

0.138 129 0.015

Women   Standarda   Baseline
Västerås

    Follow-
up

     

Scale n Mean
(SD)

n Mean
(SD)

pstandard
b n Mean

(SD)
pstandard

c nd pdiff
e

Global
health
status

285 69.9
(25.0)

192 59.2
(22.9)

< 0.001 157 66.5
(23.7)

0.152 153 0.001

Functional
scales

                   

a Values in the standard population were from sex-speci�c data for ages 70–79 years in a study by Michelson et
al. (2000)

b p-values for difference between values at baseline and values in the standard population.

c p-values for difference between values at follow-up and values in the standard population.

d Number of individuals with answers at both baseline and follow-up.

e p-values for difference between values at baseline and follow-up.

HRQoL, health-related quality of life; SD, standard deviation.
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Men   Standarda   Baseline

Västerås

    Follow-
up

     

Physical
function

283 74.2
(23.6)

190 72.0
(21.0)

0.296 157 73.6
(20.9)

0.779 151 0.477

Role
function

280 80.4
(29.6)

191 67.9
(32.6)

< 0.001 156 72.8
(29.7)

0.010 151 0.497

Emotional
function

277 80.4
(22.0)

192 69.0
(22.6)

< 0.001 156 76.9
(23.6)

0.133 153 < 
0.001

Cognitive
function

282 85.6
(19.5)

192 81.3
(22.2)

0.032 157 81.6
(23.9)

0.077 153 0.686

Social
function

272 89.9
(21.3)

191 76.8
(24.5)

< 0.001 157 75.4
(28.4)

< 0.001 152 0.406

Symptom
scales/items

                   

Fatigue 285 28.2
(25.0)

192 39.7
(25.3)

< 0.001 157 36.0
(26.4)

0.003 153 0.265

Nausea and
vomiting

298 3.7 (12.4) 192 9.5
(18.4)

< 0.001 157 6.8
(26.4)

0.038 153 0.033

Pain 280 26.7
(30.5)

192 24.9
(28.7)

0.518 157 22.5
(29.0)

0.155 153 0.448

a Values in the standard population were from sex-speci�c data for ages 70–79 years in a study by Michelson et
al. (2000)

b p-values for difference between values at baseline and values in the standard population.

c p-values for difference between values at follow-up and values in the standard population.

d Number of individuals with answers at both baseline and follow-up.

e p-values for difference between values at baseline and follow-up.

HRQoL, health-related quality of life; SD, standard deviation.
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Men   Standarda   Baseline

Västerås

    Follow-
up

     

Dyspnoea 295 22.3
(27.5)

189 22.9
(26.5)

0.802 156 20.1
(26.1)

0.401 149 0.456

Insomnia 295 26.4
(31.2)

191 30.1
(31.6)

0.216 156 34.6
(32.1)

0.009 151 0.258

Appetite loss 299 7.4 (18.5) 191 27.2
(32.5)

< 0.001 155 16.8
(27.5)

< 0.001 151 < 
0.001

Constipation 298 8.6 (19.6) 190 16.7
(29.6)

0.001 155 11.2
(23.2)

0.238 150 0.014

Diarrhoea 287 5.0 (14.8) 187 24.4
(31.0)

< 0.001 155 20.0
(27.3)

< 0.001 147 0.046

Financial
di�culties

284 8.1 (21.2) 192 8.0
(21.1)

0.954 155 9.7
(25.5)

0.512 151 0.160

a Values in the standard population were from sex-speci�c data for ages 70–79 years in a study by Michelson et
al. (2000)

b p-values for difference between values at baseline and values in the standard population.

c p-values for difference between values at follow-up and values in the standard population.

d Number of individuals with answers at both baseline and follow-up.

e p-values for difference between values at baseline and follow-up.

HRQoL, health-related quality of life; SD, standard deviation.

The univariate analysis of differences between status at baseline and status at the 6-month follow-up in the study
group as compared with the Swedish reference population showed that global health status and emotional function
improved in both men and women, and that symptoms of constipation and appetite loss decreased. At the 6-month
follow-up, men had improved social function and decreased pain and insomnia, while women had less
nausea/vomiting and diarrhoea (Table 2).
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Multiple linear regression analyses (Table 3) of the patients in this study showed that at baseline, patients whose
planned surgery included a stoma (with/without bowel resection) had a decrease in 2–4 of 5 functional scales,
worse Global Health Status and signi�cantly more symptoms (pain and appetite loss) as compared with patients
who underwent surgery without receiving a stoma. The former category of patients also had more fatigue and
diarrhoea. Most of these changes persisted at the 6-month follow-up in patients treated with a stoma without bowel
resection (Table 3).
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Table 3
Multiple linear regression analysis of HRQoL of patients with stoma with/without colon resection at baseline and at

6-month follow-up, according to planned stoma before operation, adjusted for age, sex, BMI, smoking, ASA
classi�cation, acute/elective surgery and TNM stage.

  Baseline 6-month follow-up

  Stoma with resection
(n = 89)a

Stomia without resection
(n = 14)a

Stoma with
resection

(n = 68)a

Stoma without
resection

(n = 4)a

Scale β p-value β p-value β p-value β p-value

Global health
status

–7.1 0.025 –24.6 0.001 1.0 0.782 –27.0 0.027

Functional
scales

               

Physical
function

–4.2 0.115 –18.9 0.001 –3.2 0.300 –11.4 0.269

Role function –9.6 0.038 –33.2 0.001 0.08 0.986 –22.5 0.209

Emotional
function

–9.8 0.001 –13.6 0.047 –5.9 0.102 –22.8 0.057

Cognitive
function

–2.1 0.467 –2.1 0.679 –5.5 0.121 –24.6 0.037

Social function –8.5 0.015 –11.2 0.157 –7.9 0.074 –46.5 0.002

Symptom
scales/items

               

Fatigue 8.4 0.018 7.6 0.337 3.8 0.337 12.4 0.349

Nausea and
vomiting

4.4 0.054 6.4 0.209 2.2 0.317 30.8 < 0.001

Pain 7.8 0.044 22.5 0.010 3.2 0.439 47.7 0.001

Dyspnoea –0.9 0.807 0.02 0.998 –4.1 0.326 –1.9 0.890

Insomnia 3.4 0.443 9.3 0.349 4.3 0.404 16.1 0.342

Appetite loss 14.0 0.002 40.5 < 0.001 –0.7 0.874 35.5 0.015

Constipation 1.2 0.749 –5.6 0.513 –7.9 0.017 18.5 0.083

Diarrhoea 2.7 0.554 33.4 0.001 2.4 0.570 10.5 0.444

Financial
di�culties

1.7 0.538 2.2 0.721 2.1 0.588 17.1 0.180

a Reference category: No stoma.

β, regression coe�cient; ASA, American Society of Anesthesiologists; BMI, body mass index; HRQoL, health-
related quality of life; TNM, tumour–node–metastasis.
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Table 4 shows the results of multiple linear regression analyses of the change in HRQoL of patients with colon
cancer from diagnosis to the 6-month follow-up. Male patients had increased insomnia. Older patients had a greater
improvement in emotional and social functions than younger patients. They also showed a greater decrease in
nausea/vomiting, appetite loss and diarrhoea at the 6-month follow-up compared with baseline. Smokers showed a
greater deterioration in role, emotional and social functions than other patients. They also had a greater increase in
fatigue, nausea/vomiting, diarrhoea symptoms and �nancial di�culties. Patients with colon cancer with higher BMI
had decreased physical and cognitive functions, increased nausea/vomiting and pain and more �nancial di�culties.
Patients treated with a stoma without bowel resection had increased levels of nausea/vomiting, pain and �nancial
di�culties at the 6-month follow-up compared with baseline. Type of surgery (right-, left-sided, sigmoid or high
anterior resection) did not in�uence HRQoL (p > 0.05).



Page 15/22

Table 4
Results from multiple linear regression analysis of change in HRQoL from baseline to 6-month follow-up (adjusted

for value of each scale at baseline; β is the regression coe�cient).

  Global health
status

  Physical function   Role function  

Predictors β (95% CI) p β (95% CI) p β (95% CI) p

Male sex 0.54 (–4.60, 5.68) 0.836 2.84 (–1.35, 7.04) 0.183 1.33 (–5.64,
8.30)

0.707

Age (years) 0.08 (–0.20, 0.36) 0.576 0.08 (–0.15, 0.31) 0.491 0.19 (–0.20,
0.57)

0.339

Smoker –6.24 (–15.3, 2.77 0.174 –6.57 (–13.8,
0.66)

0.075 –18.0 (–30.2, − 
5.77)

0.004

BMI (kg/m2) –0.34 (–0.94,
0.26)

0.261 –0.53 (–1.02, − 
0.05)

0.032 –0.73 (–1.55,
0.10)

0.085

ASA 1–2 5.58 (–0.27, 11.4) 0.062 0.88 (–4.08, 5.84) 0.727 0.62 (–7.35,
8.60)

0.878

Acute 0.40 (–7.85, 8.65) 0.924 –0.35 (–6.96,
6.25)

0.917 8.20 (–3.14,
19.5)

0.156

TNM I–III 1.61 (–7.29, 10.5) 0.722 –0.28 (–7.53,
6.97)

0.939 0.89 (–11.5,
13.2)

0.888

Stoma with
resection

6.37 (–0.51, 13.3) 0.069 –0.04 (–5.46,
5.39)

0.990 2.45 (–6.74,
11.6)

0.600

Stoma without
resection

–7.75 (–30.49,
14.99)

0.503 3.94 (–13.96,
21.83)

0.665 –9.48 (–43.0,
24.1)

0.578

  Emotional
function

  Cognitive function   Social function  

Predictors β (95% CI) p β (95% CI) p β (95% CI) p

Male sex 2.22 (–2.74, 7.17) 0.379 1.23 (–3.64, 6.09) 0.620 –1.44 (–7.69,
4.82)

0.651

Age (years) 0.31 (0.03, 0.58) 0.029 0.12 (–0.15, 0.38) 0.378 0.35 (0.001, 0.69) 0.049

Smoker –9.05 (–17.6, − 
0.45)

0.039 –7.30 (–15.8,
1.18)

0.091 –13.9 (–24.9, − 
2.93)

0.013

BMI (kg/m2) –0.22 (–0.79,
0.35)

0.457 –0.57 (–1.13, − 
0.003)

0.049 –0.45 (–1.18,
0.28)

0.228

ASA 1–2 4.37 (–1.17, 9.91) 0.122 –1.53 (–7.01,
3.95)

0.583 2.05 (–5.02,
9.13)

0.568

Acute –3.77 (–11.6,
4.02)

0.342 1.02 (–6.63, 8.66) 0.794 –2.47 (–12.5,
7.51)

0.626

TNM I–III –3.85 (–12.3,
4.65)

0.373 1.64 (–6.77,
10.04)

0.702 –2.92 (–13.8,
7.93)

0.597

Note: β, regression slope coe�cient; p, p-values for difference between values at baseline and follow-up. ASA,
American Society of Anesthesiologists; BMI, body mass index; CI, con�dence interval; HRQoL, health-related
quality of life; TNM, tumour–node–metastasis
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  Global health
status

  Physical function   Role function  

Stoma with
resection

–0.15 (–6.71,
6.40)

0.963 –3.63 (–10.0,
2.75)

0.264 –3.46 (–11.8,
4.84)

0.413

Stoma without
resection

–7.69 (–29.07,
13.70)

0.480 –19.6 (–40.4,
1.27)

0.066 –21.5 (–51.7,
8.79)

0.163

  Fatigue   Nausea and
vomiting

  Pain  

Predictors β (95% CI) p β (95% CI) p β (95% CI) p

Male sex –2.01 (–7.57,
3.56)

0.478 –0.98 (–4.26,
2.31)

0.559 –5.24 (–11.2,
0.76)

0.087

Age (years) –0.30 (–0.61,
0.00)

0.052 –0.21 (–0.39, − 
0.03)

0.024 0.16 (–0.17,
0.49)

0.348

Smoker 10.8 (0.99, 20.7) 0.031 7.47 (1.77, 13.2) 0.010 10.4 (–0.12,
20.93)

0.053

BMI (kg/m2) 0.23 (0.41, 0.88) 0.478 0.52 (0.14, 0.90) 0.007 0.80 (0.10, 1.50) 0.025

ASA 1–2 –5.90 (–12.2,
0.43)

0.068 –0.16 (–3.84,
3.52)

0.932 –1.99 (–8.77,
4.79)

0.564

Acute –9.61 (–18.4, − 
0.78)

0.033 1.52 (–3.69, 6.74) 0.566 –8.02 (–17.5,
1.45)

0.097

TNM I–III –8.63 (–18.3,
1.06)

0.081 –1.72 (–7.37,
3.94)

0.551 7.64 (–2.74,
18.01)

0.148

Stoma with
resection

–0.25 (–7.68,
7.17)

0.947 0.57 (–3.75, 4.89) 0.795 0.04 (–7.89,
7.98)

0.992

Stoma without
resection

–1.01 (–25.2,
23.2)

0.935 22.5 (8.09, 39.9) 0.002 36.6 (10.6, 62.6) 0.006

  Dyspnoea   Insomnia   Appetite loss  

Predictors β (95% CI) p β (95% CI) p β (95% CI) p

Male sex 3.81 (–2.05, 9.66) 0.202 –12.3 (–18.8, − 
5.82)

< 
0.001

–4.14 (–10.1,
1.82)

0.173

Age (years) –0.22 (–0.54,
0.10)

0.180 –0.25 (–0.60,
0.11)

0.172 –0.41 (–0.73, − 
0.08)

0.014

Smoker 1.64 (–8.79, 12.1) 0.757 9.16 (–2.22, 20.5) 0.114 5.35 (–4.99,
15.70)

0.309

BMI (kg/m2) 0.63 (–0.08, 1.33) 0.080 0.64 (–0.12, 1.39) 0.099 0.23 (–0.46,
0.91)

0.519

ASA 1–2 –6.68 (–13.6,
0.22)

0.058 –1.63 (–8.99,
5.74)

0.664 –3.19 (–9.88,
3.50)

0.349

Note: β, regression slope coe�cient; p, p-values for difference between values at baseline and follow-up. ASA,
American Society of Anesthesiologists; BMI, body mass index; CI, con�dence interval; HRQoL, health-related
quality of life; TNM, tumour–node–metastasis
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  Global health
status

  Physical function   Role function  

Acute 5.56 (–3.78, 14.9) 0.242 –3.58 (–13.8,
6.69)

0.493 –2.00 (–11.4,
7.37)

0.674

TNM I–III –5.43 (–15.5,
4.68)

0.291 4.78 (–6.49,
16.05)

0.404 6.22 (–3.99,
16.4)

0.231

Stoma with
resection

–5.22 (–13.03,
2.58)

0.189 0.262 (–8.30,
8.83)

0.952 –6.01 (–13.9,
1.92)

0.137

Stoma without
resection

–1.18 (–26.2,
23.8)

0.926 –9.11 (–37.4,
19.1)

0.526 15.4 (–10.6,
41.3)

0.246

  Constipation   Diarrhoea   Financial
di�culties

 

Predictors β (95% CI) p β (95% CI) p β (95% CI) p

Male sex –2.68 (–7.53,
2.17)

0.277 –4.40 (–10.6,
1.81)

0.164 –0.73 (–5.30,
3.85)

0.755

Age (years) –0.25 (–0.51,
0.13)

0.062 –0.49 (–0.83, − 
0.15)

0.005 –0.15 (–0.41,
0.10)

0.233

Smoker 1.99 (–6.48, 10.5) 0.643 14.2 (3.32, 25.1) 0.011 8.57 (0.43, 16.7) 0.039

BMI (kg/m2) –0.03 (–0.59,
0.53)

0.922 0.50 (–0.22, 1.23) 0.173 0.58 (0.05, 1.11) 0.032

ASA 1–2 –5.31 (–10.8,
0.18)

0.058 –4.09 (–11.1,
2.91)

0.251 1.84 (–3.32,
6.99)

0.483

Acute –1.07 (–8.88,
6.74)

0.788 0.10 (–10.1, 10.3) 0.985 1.31 (–6.05,
8.67)

0.727

TNM I–III 2.98 (–5.31, 11.3) 0.480 3.33 (–7.66, 14.3) 0.551 0.21 (–7.66,
8.08)

0.958

Stoma with
resection

–8.38 (–14.8, − 
1.98)

0.010 4.11 (–4.19, 12.2) 0.331 –0.31 (–6.36,
5.73)

0.919

Stoma without
resection

16.5 (–4.01, 37.0) 0.114 –18.5 (–48.1,
11.1)

0.220 20.6 (1.10, 40.0) 0.038

Note: β, regression slope coe�cient; p, p-values for difference between values at baseline and follow-up. ASA,
American Society of Anesthesiologists; BMI, body mass index; CI, con�dence interval; HRQoL, health-related
quality of life; TNM, tumour–node–metastasis

Discussion
The EORTC QLQ-C30 questionnaire was used to investigate HRQoL in patients with colon cancer in this population-
based study. The major �ndings of this study were that patients whose planned surgery included a stoma
(with/without bowel resection), patients with higher BMI, more comorbidities (ASA status 3 and 4) and smokers were
at higher risk of a lower HRQoL than the other included patients. Furthermore, this study showed that patients with
colon cancer had worse HRQoL than a Swedish reference population both at baseline and at the 6-month follow-up
as indicated by changed scores for 3/5 functional (role, emotional and social), and 4/9 symptom (fatigue,
nausea/vomiting, appetite loss and diarrhoea) scales.
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It is di�cult to compare our �ndings with those of other studies that used a reference population because these
studies vary in methodology and the reference values used (15). However, consistent with our �ndings, Färkkilä et al.
(16), in a study of Finnish patients with colorectal cancer, compared their data with reference data using the EORTC
QLQ-C30 questionnaire, and found that pain, fatigue and �nancial di�culties were the main drivers of poor health.
Another study conducted in Germany by Jansen et al. (8) also compared patients with colorectal cancer with control
individuals from the general population and showed that diarrhoea and �nancial di�culties were worse in patients
with colorectal cancer.

Several countries have assessed HRQoL in patients with colon cancer, but only one randomized study comparing the
effects of open and laparoscopic surgery in Sweden has been published (5). Apart from that study, there is no
published information regarding HRQoL in Swedish patients with colon cancer.

Contradicting results have been presented regarding whether the presence of a stoma in surgically treated patients
with colorectal cancer has a negative effect on HRQoL. Most of these studies have been performed on patients with
rectal cancer (17). Notably, the participants in our study completed the questionnaire before they underwent surgery
to create a stoma. This implies that it was the patients’ risk factors (as judged by the surgeon) or the advanced
stage of their cancers that were related to the observed lower HRQoL in these patients. They might also have had
poor expectations of life with a stoma, or it may have been that it was the information that they were to receive a
stoma per se that contributed to their poor scores. Although this study included very few patients who were treated
with a stoma alone, this group showed signi�cantly worse functional scores and better symptom scores than
patients treated with a stoma and bowel resection. Furthermore, a recent study of patients with colon cancer who
answered questions postoperatively about what the most important factors for them in life were overall, related to
the cancer disease, 78% reported that they considered not having a permanent stoma was the most important factor
(76% stated that ‘being cured’ was most important factor) (18).

This study found that HRQoL was not affected by whether the patients underwent right-sided, left-sided or total
colectomy (data not shown), and that patients with an advanced tumour stage (TNM IV) did not have signi�cantly
worse HRQoL than other patients. However, 10 of the 14 patients who were treated with a stoma without resection
had metastatic disease (TNM IV), and these patients had very low functional scores and high symptom scores,
indicating worse HRQoL at both baseline and at the 6-month follow-up.

Our study also found that younger patients had worse emotional and social functional QoL and more bowel
problems (nausea/vomiting and diarrhoea) than older patients. This has also been observed by others and suggests
that age-matched groups should be used to generate data for HRQoL comparisons (19).

In our study, comorbidity as assessed by ASA grade had a negative impact on global health status, physical
function, fatigue, dyspnoea and constipation, both at baseline and at the 6-month follow-up. These data are also
consistent with the results of other studies of colorectal cancer and other cancer types such as head and neck, lung
and prostate cancer (20). In breast cancer, the effect of comorbidity explained most of the variance in nearly all
subscales comparing demographic and clinical variables (21).

The data also showed that patients with a higher BMI had worse physical function and more nausea and vomiting,
pain and �nancial di�culties. This observation has also been reported by others (22). There is increasing evidence
that high body weight, often associated with a sedentary lifestyle, is related to impairments in QoL. Considering
several different lifestyle factors, Schlesinger et al. (23) found that being non-obese had the strongest association
with a high HRQoL, while another study reported decreased HRQoL in Dutch patients with high BMI (22).
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The present study also showed that smokers had worse QoL than other patients at the 6-month follow-up compared
with baseline. These data are consistent with the �ndings of studies of the general population (24) and of patients
with colorectal cancer (25). Both these studies reported that current smokers had a higher likelihood of reporting
poor physical health, poor mental health and activity limitations. It has also been reported that smoking rate was
higher in young survivors of colon cancer and melanoma than in young individuals without cancer. These survivors
also had higher age-adjusted smoking rates than survivors of other cancers (26).

The main strengths of this study were its prospective design and that it was population based. We also managed to
recruit the patients before the start of treatment. The patient data were compared with those from a Swedish
reference population (14). We also used one of the most widely used cancer-speci�c validated analysis instruments,
the EORTC QLQ-C30, and because all patients agreed to be included in the local and national registries, we could
also analyse data from non-included patients. In addition, we performed multiple regression analyses of medically
important parameters, including lifestyle factors, such as BMI and smoking.

Analysis of data from the non-included patients showed that they had higher comorbidity, were less often treated
surgically, had more advanced-stage tumours and had surgical treatment that more often included stoma creation.
Thus, presumably, if these patients had been included, our results would have shown an even worse outcome for
HRQoL because these non-included patients had evident risk factors for lower QoL (27). This could also be the case
for the patients who were too ill to complete the questionnaire.

Other limitations were that this was a single-centre study, the reference data for the Swedish general population were
collected several years before the present study started (15) and we did not analyse social and psychological factors
known to in�uence HRQoL (28). A small study by Siassi et al. (29) showed that personality affects HRQoL more
than clinical variables after a major surgery. We did not include data on the effect of chemotherapy, but other studies
have shown that it is not a major factor affecting HRQoL (10). One could argue that had it been an important factor,
there would have been an association between TNM stage and HRQoL.

In conclusion, this study showed that at baseline, many patients with colon cancer have low HRQoL compared with
a refence population, but that HRQoL improved at the 6-month follow-up for patients with non-metastatic disease.
We identi�ed several risk groups: younger patients, patients with higher BMI, smokers and patients who underwent
stoma surgery. These patients need enhanced support and identifying them would enable targeted early intervention
and development of methods to facilitate rehabilitation, which could in turn enhance their HRQoL and improve their
cancer prognosis.

Declarations

ACKNOWLEDGMENTS
The authors thank Malin Engdahl, research nurse, and staff and colleagues at the Colorectal Surgery Unit at
Västmanland Hospital Västerås for their help with the protocols and the HRQoL questionnaires.

FUNDING
The authors received no �nancial support for this article.



Page 20/22

DECLARATIONS OF CONFLICTING INTERESTS
The authors declare that they have no con�ict of interest.

AUTHORS’ CONTRIBUTIONS
All authors contributed to the study conception and design. Material preparation, data collection and analysis were
performed by Catarina Tiselius and Andreas Rosenblad. The �rst draft of the manuscript was written by Catarina
Tiselius and all authors commented on previous versions of the manuscript. All authors read and approved the �nal
manuscript.

References
1. World Health Organization. WHOQOL: Measuring Quality of Life, the World Health Organization Quality of Life

Instruments (The WHOQOL-100 and the WHOQOL-BREF) http//www.who.int/msa/qol/. Accessed 1999

2. Aaronson NK, Ahmedzai S, Bergman B et al: The European Organization for Research and Treatment of Cancer
QLQ-C30: a quality-of-life instrument for use in international clinical trials in oncology. J Natl Cancer Inst 1993;
85(5):365–376

3. Marventano S, Forjaz M, Grosso G et al: Health related quality of life in colorectal cancer patients: state of the
art. BMC Surg 2013; 13(Suppl 2):S15. https://doi.org/10.1186/1471-2482-13-S2-S15

4. Schlesinger S, Walter J, Hampe J et al: Lifestyle factors and health-related quality of life in colorectal cancer
survivors. Cancer Causes Control 2014; 25(1):99–110

5. Janson M, Lindholm E, Anderberg B et al: Randomized trial of health-related quality of life after open and
laparoscopic surgery for colon cancer. Surg Endosc 2007; 21(5):747–753

�. Bouvier AM, Jooste V, Bonnetain F et al: Adjuvant treatments do not alter the quality of life in elderly patients
with colorectal cancer: a population-based study. Cancer 2008; 113(4):879–886

7. Färkkilä N, Torvinen S, Roine RP et al: Health-related quality of life among breast, prostate, and colorectal cancer
patients with end-stage disease. Qual Life Res 2014; 23(4):1387–1394

�. Jansen L, Herrmann A, Stegmaier C et al: Health-related quality of life during the 10 years after diagnosis of
colorectal cancer: a population-based study. J Clin Oncol 2011; 29(24):3263–3269

9. Verhaar S, Vissers PA, Maas H et al: Treatment-related differences in health related quality of life and disease
speci�c symptoms among colon cancer survivors: results from the population-based PROFILES registry. Eur J
Cancer 2015; 51(10):1263–1273

10. Statistics Sweden. Statistics of the Swedish population. 2008. http://www.scb.se/sv_/Hitta-statistik/

11. https://www.cancercentrum.se/syd/cancerdiagnoser/tjocktarm-andtarm-och-anal/tjock--och-
andtarm/kvalitetsregister/

12. Fayers PM: Interpreting quality of life data: population-based reference data for the EORTC QLQ-C30. Eur J
Cancer 2001; 37(11):1331–1334

13. Osoba D, Bezjak A, Brundage M et al: Quality of Life Committee of the NCIC CTG Analysis and interpretation of
health-related quality-of-life data from clinical trials: basic approach of The National Cancer Institute of Canada
Clinical Trials Group. Eur J Cancer 2005; 41(2):280–287

http://www.scb.se/sv_/Hitta-statistik/


Page 21/22

14. Michelson H, Bolund C, Nilsson B et al: Health-related quality of life measured by the EORTC QLQ-C30--reference
values from a large sample of Swedish population. Acta Oncol 2000; 39(4):477–484

15. Wong CK, Guo VY, Chen J et al: Methodological and reporting quality of comparative studies evaluating health-
related quality of life of colorectal cancer patients and controls: a systematic review. Dis Colon Rectum 2016;
59(11):1073–1086

1�. Färkkilä N, Sintonen H, Saarto T et al: Health-related quality of life in colorectal cancer. Colorectal Dis 2013;
15(5):e215–e222

17. Herrle F, Sandra-Petrescu F, Weiss C et al: Quality of life and timing of stoma closure in patients with rectal
cancer undergoing low anterior resection with diverting stoma: a multicenter longitudinal observational study.
Dis Colon Rectum 2016; 59(4):281–290

1�. Wrenn SM, Cepeda-Benito A, Ramos-Valadez DI et al: Patient perceptions and quality of life after colon and
rectal surgery: what do patients really want? Dis Colon Rectum 2018; 61(8):971–978

19. Arndt V, Merx H, Stegmaier C et al: Quality of life in patients with colorectal cancer 1 year after diagnosis
compared with the general population: a population-based study. J Clin Oncol 2004; 22(23):4829–4236.
Erratum in: J Clin Oncol. 2005;23(1):248

20. Vissers PA, Thong MS, Pouwer F et al: The impact of comorbidity on health-related quality of life among cancer
survivors: analyses of data from the PROFILES registry. J Cancer Surviv 2013; 7(4):602–613

21. Arndt V, Stegmaier C, Ziegler H et al: A population-based study of the impact of speci�c symptoms on quality of
life in women with breast cancer 1 year after diagnosis. Cancer 2006; 107(10):2496–2503

22. Vissers PA, Thong MS, Pouwer F et al: Prospectively measured lifestyle factors and BMI explain differences in
health-related quality of life between colorectal cancer patients with and without comorbid diabetes. Support
Care Cancer 2016; 24(6):2591–2601

23. Schlesinger S, Walter J, Hampe J et al: Lifestyle factors and health-related quality of life in colorectal cancer
survivors. Cancer Causes Control 2014; 25(1):99–110

24. Mody RR, Smith MJ: Smoking status and health-related quality of life: as �ndings from the 2001 Behavioral
Risk Factor Surveillance System data. Am J Health Promot 2006; 20(4):251–258

25. Jang S, Prizment A, Haddad T et al: Smoking and quality of life among female survivors of breast, colorectal
and endometrial cancers in a prospective cohort study. J Cancer Surviv 2011; 5(2):115–122

2�. Tseng TS, Lin HY, Martin MY et al: Disparities in smoking and cessation status among cancer survivors and
non-cancer individuals: a population-based study from National Health and Nutrition Examination Survey. J
Cancer Surviv 2010; 4(4):313–321

27. Deshields TL, Potter P, Olsen S et al: The persistence of symptom burden: symptom experience and quality of
life of cancer patients across one year. Support Care Cancer 2014; 22(4):1089–1096

2�. Asplund D, Heath J, González E et al: Self-reported quality of life and functional outcome in patients with rectal
cancer--QoLiRECT. Dan Med J 2014; 61(5):A4841

29. Siassi M, Weiss M, Hohenberger W et al: Personality rather than clinical variables determines quality of life after
major colorectal surgery. Dis Colon Rectum 2009; 52(4):662–668

Figures



Page 22/22

Figure 1

Flow chart of study patients diagnosed with colon cancer at baseline and at the 6-month follow-up.


