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Abstract: Colorectal cancer (CRC) is the third most common malignancy and the second most
common cancer-related cause of death worldwide. CRC incidence depends, in part, on the health
behaviors that make up an individual’s lifestyle. We aimed to assess the influence of health behaviors
and quality of life (QoL) among patients with CRC receiving surgical treatment. In this single-center
questionnaire study, 151 patients were surveyed 1 week before and 6 months after colorectal proce-
dures (laparoscopic hemicolectomy, low rectal anterior resection, abdominoperineal resection, and
others). This study demonstrated a significant decrease in alcohol consumption and physical activity
following the execution of colorectal procedures. No statistically significant changes were observed in
smoking or the consumption of healthy food. Global QoL did not change significantly; however, a de-
crease in physical and role-related functioning was observed. Significant improvements in emotional
functioning were also observed. A detailed analysis showed that physical and social functioning
were related to smoking, the consumption of healthy food, physical activity, and additional therapies.
Emotional functioning was related to smoking, the consumption of healthy food, and complementary
treatments. Six months following an operation, it was also dependent on alcohol intake. Physical
functioning was the area that decreased the most in the six months after colorectal tumor surgery
compared to the period before surgery. Health behaviors such as cessation of smoking, engagement
in physical activity, and the consumption of healthy food contributed to a higher quality of life among
patients prior to resecting colorectal cancer and six months after the procedure. Patients who received
adjuvant/neoadjuvant therapy had a lower quality of life than patients who did not receive this type
of therapy. The kind of surgery (laparoscopic hemicolectomy, lower anterior rectum resection, or
abdominoperineal rectum resection) was not related to QoL six months after surgery.

Keywords: quality of life; colorectal cancer; health behaviors; smoking; alcohol; physical activity

1. Introduction

According to the World Health Organization, Quality of Life (QoL) is an individual’s
perception of their position in life regarding their culture and systems of values and in
relation to their expectations, goals, standards, and concerns [1]. Quality of life encom-
passes the entirety of the physical, psychological, social, and functional aspects of human
experiences and behaviors that are experienced by the person concerned [2]. In studies
conducted on chronically ill patients, the term health-related quality of life is used. QoL
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is a subjective assessment of a person that includes both positive and negative aspects
of life. QoL explores the complexity of human health through aspects of an individual’s
physical, mental, and social functioning. The physical components of QoL include indices
related to health/illness status, age, physical pain, and life expectancy. The mental aspects
include anxiety, depression, and a patient’s thoughts or beliefs about their illness. The
corresponding social features are explored through status, achievements, resources, ability
to perform social roles, and marginalization. Together, these aspects offer a picture that can
be used to describe a patient.

Colorectal cancer (CRC) is the third most frequent cancer in the world and the second
leading cause of death related to cancer. The highest rates of morbidity are in Australia and
Europe (more than 40/100,000 among men), and the highest mortality rate is in Eastern
Europe (more than 20/100,000 among men) [3,4]. It is likely that this situation will intensify
in the upcoming decades, particularly in wealthy countries [4]. In the last four decades,
among the male population of Poland, CRC-related trends in mortality have increased, with
a slight decrease observed in 2018 [5]. Among Polish women, the growing CRC mortality
trend halted in the mid-1990s; since then, a downward trend has been observed [5].

CRC incidence depends, in part, on the health behaviors that make up an individual’s
lifestyle [6]. Eating red meat, drinking alcohol, and obesity are associated with a much
more frequent occurrence of CRC [7-9]. Conversely, regular physical activity reduces CRC
morbidity. In addition to lifestyle factors, some patients also have a genetic predisposition
to CRC [10,11].

Enhanced recovery after surgery (ERAS) is a multimodal protocol for perioperative
patient care [12]. ERAS includes recommendations for patients regarding healthy behaviors
to engage in when preparing for surgery, including stopping smoking, decreasing alco-
hol consumption, following a balanced diet, and maintaining adequate physical activity
(30-60 min walks) [13]. Adherence to these recommendations significantly decreases hospi-
talization times and lowers the rate of postoperative complications and readmissions [14].

Quality of life refers to an individual’s subjective assessment of their life situation. In
the case of cancer patients, their health condition is an important factor of their quality
of life. The symptoms of the disease, such as pain, have a negative impact on a patient’s
psychological well-being and quality of life [15]. Studies indicate that coping strategies me-
diate the relationship between pain and well-being [16,17]. Coping can involve emotional
strategies such as relaxation, distraction, or meditation as well as behavioral strategies
such as engaging in physical activity, adopting a healthy diet, or using stimulants such as
cigarettes or alcohol.

Studies have shown that health behaviors are related to QoL. In patients with CRC, an
improvement in QoL related to physical functioning is observed as a result of increased
physical activity and adherence to a proper diet [18]. Health behaviors that favor increased
QoL include the consumption of vegetables and fruits [19,20] and engagement in physical
activity [21,22]. Studies also emphasize the negative impacts of smoking and drinking
alcohol on QoL [20,23]. The use of adjuvant therapies such as chemotherapy can also be
negatively related to a patient’s quality of life. One study showed that patients with col-
orectal cancer who were treated with 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX)
chemotherapy showed symptoms of peripheral neuropathy, which directly reduced their
quality of life compared to patients who had not undergone chemotherapy [24]. Signif-
icantly worse mental and physical quality-of-life scores were observed among patients
with CRC who received chemotherapy [25]. In addition, patients with rectal cancer often
undergo perioperative radiotherapy, which significantly, particularly in combination with
surgery, affects their QoL, causing issues such as difficulty passing stool or the requirement
for a stoma [26].

Despite the current literature related to QoL among colorectal patients, there is a
lack of research assessing QoL before and after CRC surgery. We seek to fill this gap
using a research plan that accounts for several recommendations (the cessation of smoking,
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reducing alcohol consumption, the consumption of healthy food, and increasing physical
activity) of the ERAS protocol and highlights their importance for CRC patients” QoL.

This study aims to investigate the correlation between health behaviors and quality
of life both before and six months after surgery among CRC patients who underwent
colorectal tumor removal surgery.

2. Method
2.1. Materials and Methods
Sampling

The participants were selected from patients referred to the Oncology Center of
Lukaszczyk Memorial Hospital (a high-volume center with over 400 colorectal resections
per year), Poland, for CRC resection. Using purposive sampling, study participation
was offered to all CRC resection patients staying at the Department of Surgical Oncology.
Inclusion criteria were as follows: (1) diagnosis of CRC in one of the following locations:
colon (ICD 10: C18), rectosigmoid junction (ICD 10: C19), rectum (ICD 10: C20), or
anal canal (ICD 10: C21); (2) qualifying for surgical CRC tumor removal (by means of
laparoscopic hemicolectomy, lower anterior resection of the rectum, abdominoperineal
resection of the rectum, or other surgical procedure); and (3) being of the age of 18 years or
older. Exclusion criteria included a history of any type of cancer and a risk of malnutrition
(BMI < 18.5 kg/m?) in the period before CRC surgery.

For the first measurement, before surgery (T1), 151 people participated (172 people
met criteria but 21 people refused to participate) (Figure 1). For the second measurement,
half of a year after surgery (T2), 105 patients from among the respondents surveyed in T1
participated. A total of 21 people refused to participate in the T2 study, and 25 people could
not be contacted (they did not answer phone calls, no follow-up appointment was recorded
in the oncology center, or death was reported).

OFFERED
n=172
T1 REFUSED
n=151 n=21
o
o
2
L]
¥
surgery
£
t
0
E
1]
! 1
2 DROPPED OUT
n=105 n=46
21 refused
25 no contact

Figure 1. Participant flow.

All participants supplied written informed consent before the project’s initiation. The
study was conducted from 1 June 2018 to 30 April 2019. Participation was voluntary and
free of charge.
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2.2. Measures
2.2.1. Health-Related Behaviors

For this study, the authors limited the assessment of behaviors related to health to
those that the ERAS protocol indicates are the most significant for surgery.

Smoking, alcohol intake, physical activity, and diet were assessed in the same way
as in the Health Status of Population in Poland 2014 study conducted by the Central
Statistical Office as part of European Health Interview Survey (EHIS) [27]. In addition to
the questions about the mean number of cigarettes smoked and the amount of alcohol
consumed included in the EHIS survey, the phrase “after falling ill (in the last month)” was
added, and the scale of responses was refined to six possible answers. Questions about the
consumption of products that were included in the EHIS were limited to vegetables and
fruits, whereas in this study, we included fish and wholegrain bread. In the case of physical
activity, its intensity was not differentiated according to the season, and the question
about the frequency of performing various physical activities lasting at least 30 min was
narrowed down.

To identify smoking status and amounts, the participants were asked to determine the
number of cigarettes smoked per day, for which non-smokers were asked to indicate a sore
of “0”.

The intake of alcohol was assessed according to the frequency of consumption
(1—never; 2—from one to three times a month; 3—once per week; 4—a few times per week;
5—once a day; and 6—a few times daily) and the size of a portion (single portions were
defined as 250 mL of beer, 100 mL of wine, and 30 mL of vodka or other spirits). A weekly
alcohol intake indicator was created by multiplying the frequency of alcohol consumption
by the amount.

Healthy food products, including fruits, vegetables [28,29], fish, and wholegrain
bread [30,31], were chosen based on research about factors that may increase the risk of
cancer or decrease the number of postoperative complications a patient may experience.
Satisfactory reliability of the “intake of healthy food” scale was obtained using a Cronbach
o = 0.60.

The mean age of the CRC patients was approximately 65 years and the preliminary
study showed that a small fraction of them engaged in sports. Thus, physical activity was
assessed by selecting sports activities and actions related to daily activities; specifically,
five options were chosen: cycling, walking, engaging in housework that requires physical
activity, gardening, and other kinds of physical activity. The surveyed patients were
expected to determine the frequency with which they performed each type of activity
per week, for which it was assumed that a single event lasted at least 30 min (Cronbach
o = 0.66).

2.2.2. Quality of Life

Quality of life was assessed using the EORTC QLQ-C30 questionnaire (European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire) [32]. The
QLQ-C30 consists of 30 questions describing global quality of life conditioned as impacted
by health, functional status, and severity of symptoms related to the disease. The scales
assessing functional conditions refer to physical functioning, fulfillment of social roles,
emotional functioning, memory and concentration, and social functioning. The symptom
scales include fatigue, nausea and vomiting, and pain. Scale scores range from 0 to 100. A
higher score on a functional status scale indicates better functioning, while a higher value
on the symptom scale suggests greater severity. Aronson et al. obtained Cronbach « values
ranging from 0.52 to 0.89 [32].

2.2.3. Demographics and Medical Data

We collected the following demographic and medical data on all patients: gender;
age; place of residence; marital and legal status; education; date of cancer diagnosis
(month and year); location of tumor, including the colon (ICD 10: C18), rectosigmoid
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junction (ICD 10: C19), rectum (ICD 10: C20), and anal canal (ICD 10: C21); the extent of
cancer’s spread (according to tumor, node, and metastasis classification—TNM); the type of
therapy performed before the surgery (chemotherapy—CTx; radiotherapy—RT); the kind
of surgery and treatment applied (laparoscopic hemicolectomy—LH; low rectal anterior
resection—LAR; abdominoperineal resection—APR; or other); and the kind of postsurgical
treatment applied (chemotherapy, radiotherapy, or other).

2.3. Study Procedure

The measurements were collected in a longitudinal study conducted a week before
surgery (T1) and six months after surgery (12). The selection of an interval of six months
after surgery was based on clinical observations that indicated that this period is when
supplementary chemotherapy is completed and the patients’ physical functioning relatively
improves. Every patient received an information leaflet based on the ERAS protocol prior
to measurement. At T1, respondents were asked to report the health-related behaviors
they engaged in the month before surgery. At T2, patients reported if they had made any
changes or experienced any increases/decreases regarding health-related behaviors in the
last month. Data were collected using pen-and-paper questionnaires.

2.4. Participants

As previously mentioned, the T1 measurement involved 151 patients, while the T2
measurements involved 105 patients (Figure 1). Both groups were similar in terms of age (in
T1: Mage = 64.89 and SDjge = 10.14; in T2: Mage = 64.30 and SDage = 10.51), gender (T1 vs. T2:
men—=o66.23% vs. 67.62% and women—33.77% vs. 32.38%; Xz =0.05 and p = 0.816), place of
residence (T1 vs. T2: city—66.89% vs. 61.90% and country—33.11% vs. 38.10%; %2 =0.67 and
p = 0.412), marital status (T1 vs. T2: single—4.64% vs. 4.76%; married—76.16% vs. 78.10%;
widowed—15.89% vs. 15.24%; and divorced—3.31% vs. 1.90%), education (T1 vs. T2:
primary—14.57% vs. 11.43%; vocational—34.44% vs. 35.24%; secondary—35.76% vs. 35.24%;
and higher—15.23% vs. 18.09%), cancer location (T1 vs. T2: colon—33.77% vs. 35.24%;
rectosigmoid junction—11.26% vs. 12.38%; rectum and anal canal—48.34% vs. 45.71%;
colon or rectum of uncertain or unknown location—6.62% vs. 6.67%), type of surgery
performed (T1 vs. T2: laparoscopic hemicolectomy—31.79% vs. 31.43%; low rectal anterior
resection—45.70% vs. 49.52%; abdominoperineal resection—22.52% vs. 19.05%), and
the extent of the spread of cancer (T1 vs. T2:0—5.96% vs. 4.76%; 1—19.87% vs. 20.00%;
[1—27.81% vs. 31.43%; II—44.37% vs. 49.90% and IV—1.99% vs. 1.90%) were obtained in
T1 and T2 (Table 1).

The authors conducted a dropout analysis of QoL among patients who did not partici-
pate in T2. The level of QoL in T1 (M = 61.41; SD = 20.59) among the patients who did not
participate in T2 was not significantly different (p = 0.510) than that among all participants
at T1 (M = 63.58; SD = 19.21). This permitted a comparison of the results of T1 and T2.

2.5. Statistical Analyses

Statistical analyses were performed using the STATISTICA 13 software. The level of
significance, p, was set at 0.05. Cronbach’s alpha was used to assess the internal consistency
of the health-related behaviors. Repeated ANOVA was applied to assess each behavior
related to health. The size of the object was also assessed (172). To determine the differences
in QoL resulting from the type of surgery (laparoscopic hemicolectomy, low rectal anterior
resection, or abdominoperineal resection), the Kruskal-Wallis test was used. QoL analysis
was also performed with respect to the implementation of a stoma; for this purpose, the
analysis of comparisons of two separate groups was carried out using the Mann-Whitney
U test. To demonstrate the relationship between health behaviors and physical, emotional,
and social functioning, we conducted a set of multivariate linear regression analyses of T1
and T2. To avoid collinearity, we performed a test using the Variance Inflation Factor (VIF).
The acquired level did not exceed VIF > 10 in any of these models; thus, it can be inferred
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that there were weak correlations between the independent variables (additionally, the VIF
for individual predictors did not exceed 2) [33].

Table 1. Participants’ characteristics in each sample group before surgery (n = 151) and half a year
after the surgery (n = 105).

T1 T2
Before Surgery Half a Year after Surgery
Number % Number %
Age (years (SD)) 64.89 (10.14) 64.30 (10.51)
Men (years (SD)) 65.21 (10.73) 64.15 (10.20)
Women (years (SD)) 64.27 (9.86) 64.62 (11.29)
G;Eer 100 66.23 71 67.62
51 33.77 34 32.38
Women
Place Ofcli”f;‘dence' 101 66.89 65 61.90
50 33.11 40 38.10
Country
Marétiilgslteams 7 4.64 5 4.76
Married 115 76.16 82 78.10
Widowed 24 15.89 16 15.24
. 5 3.31 2 1.90
Divorced
El‘jr‘llfrf;‘;“ 2 14.57 12 1143
Vocational 52 34.44 37 35.24
Secondary 54 35.76 37 35.24
. 23 15.23 19 18.09
Higher
Absence of concomitant illnesses 74 49.01 50 47.62
Concomitant illnesses 77 50.99 55 52.38
Cancer
Colon 51 33.77 37 35.24
Rectosigmoid junction 17 11.26 13 12.38
Rectum and anal canal 73 48.34 48 45.71
Of colon or rectum of 10 6.62 7 6.67
uncertain/unknown origin
Neoadjuvant therapy 90 59.60 66 62.86
Not applied
Chemotherapy 2 1.32 2 1.90
Radiotherapy 21 13.91 15 14.29
Chemo-radiotherapy 38 2517 22 2095
Ad&‘;’f;‘;;}l‘feﬁ‘py 86 56.95 59 56.19
56 37.09 43 40.95
Chemotherapy 1 0.01 0 0.00
Radiotherapy 3 5'30 3 2' 36
Chemo-radiotherapy ’ '
Kind of surger
Laparoscopic hem%coi’ectomy 48 31.79 33 3143
Low rectal anterior resection 69 45.70 52 49.52
. . . 34 22.52 20 19.05
Abdominoperineal resection
The range of the spread of cancer 9 596 5 476
1 30 19.87 21 20.00
I 42 27.81 33 31.43
1 67 44.37 44 49.90
3 1.99 2 1.90

v
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2.6. Ethical Approval

The study was carried out in compliance with the Declaration of Helsinki, and the
protocol was approved by the Bioethics Committee of Collegium Medicum Nicolaus
Copernicus University in Torun, Poland (Protocol KB345/2017). Written informed consent
was gathered from all participants before they participated in the study.

3. Results

The resulting levels of health-promoting behaviors (number of cigarettes smoked
daily, weekly alcohol consumption, frequency of consuming healthy food, and number of
minutes spent engaging in physical activity per week) and quality-of-life outcomes during
T1 and T2 are presented in Table 2.

Table 2. Health behaviors and QoL during T1 and T2.

Number of cigarettes
(items/day)
Alcohol consumption
(portions/week)

Frequency of consuming

healthy food
Physical activity
(minutes/week)

Global QoL
Physical functioning
Role-related functioning
Emotional functioning
Cognitive functioning
Social functioning
Fatigue

Pain

83.84 16.17 6.67 100.00  80.44 19.13 6.67 100.00

85.76 23.76 0.00 100.00  82.06 24.32 0.00 100.00

75.37 23.44 0.00 100.00  89.06 12.68 41.67  100.00

84.55 20.01 0.00 100.00  86.98 15.67 33.33  100.00

86.98 17.64 0.00 100.00  88.57 17.50 33.33  100.00

27.08 24.16 0.00 100.00  24.23 21.23 0.00 100.00

19.09 2497 0.00 100.00  14.29 21.49 0.00 100.00

Comparing the Change

T1 (n =151) T2 (n =105) between T1 and T2

F(db), p, n? (n = 105)

M SD Min Max M SD Min Max

212 565 000 2000 148 540 000  40.00 F(1'104)n:2 1:'8036’; =0.180;
1.20 4.74 0.00 45.50 0.80 2.40 0.00 14.00 F(1,104):22:.6g;0p6 = 0.012;
15.01 3.25 5.00 22.00 15.69 2.64 7.00 21.00 F(1’104)n§ 2'%)9652: 0-663.;
388.61 308.28  0.00 1680.00 31943 206.71 0.00  1065.00 F(1,104)Tl:2 6:'5056z =0.01%;
63.58 19.21 0.00 100.00 67.67  19.62 16.67  100.00 F(1’104):21:'7g;0r;= 0.192;

F(1,104) = 10.16;

p =0.002.;1% = 0.09
F(1,104) = 4.86; p = 0.029.;
12 =0.05
F(1,104) = 36.29;

p <0.001; 12 = 0.26
F(1,104) = 2.09; p = 0.151;
n? =0.02
F(1,104) = 0.32; p = 0.571;
12 <0.01
F(1,104) = 0.58; p = 0.446;
n?=0.01
F(1,104) = 3.00; p = 0.086;
n?=0.03

Key: n—the size of sample; M—mean value; SD—standard deviation value; Min—minimum value;
Max—maximum value; T1—the value of measurement before surgery; T2—the value of measurement half
a year after surgery.

The number of cigarettes smoked, although decreased, did not change statistically
significantly in T2 (M = 1.48; SD = 5.40) compared to T1 (M =2.12; SD = 5.65) (F(1,104) = 1.83;
p = 0.180; n? = 0.02) (Table 2). Alcohol intake decreased significantly at T2 (M = 0.80;
SD =2.40) compared to T1 (M =1.20; SD = 4.84) (F(1,104) = 2.68; p = 0.012; n? = 0.06). There
were no changes in the consumption of healthy food between T2 (M = 15.69; SD = 2.64)
and T1 (M = 15.01; SD = 3.25). There was a decrease in physical activity in T2 vs. T1
(M =319.43 and SD = 206.71 vs. M = 388.61 and SD = 308.28) (F(1,104) = 6.55; p = 0.012;
n? = 0.06). Global QoL did not change significantly, although an upward trend was visible
(T2 vs. T1: M =67.67 and SD =19.62 vs. M = 63.58 and SD =19.21 (F(1,104) = 1.73; p = 0.192;
n2 = 0.02). However, there was a decrease in physical functioning (T2 vs. T1: M = 80.44
and SD = 19.13 vs. M = 83.84 and SD = 16.17 (F(1,104) = 10.16; p = 0.002.; 1> = 0.09) and
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role functioning (T2 vs. T1: M = 82.06 and SD = 24.32 vs. M = 85.76 and SD = 23.76)
(F(1,104) = 4.86; p = 0.029; N2 = 0.05). An increase in emotional functioning was noticed
at T2 (M = 89.06; SD = 12.68) compared to T1 (M = 75.37; SD = 23.44) (F(1,104) = 36.29;
p <0.001; n2 = 0.26). There were no statistically significant changes in cognitive functioning
in T2 vs. T1 (M = 86.98 and SD = 15.67 vs. M = 84.55 and SD = 20.01) (F(1,104) = 2.09;
p =0.151; n2 = 0.02), social functioning (M = 88.57 and SD = 17.50 vs. M = 86.98 and
SD =17.64) (F(1,104) = 0.32; p = 0.571; n? < 0.01), fatigue (M = 24.23 and SD = 21.23 vs.
M =27.08 and SD = 24.16) (F(1,104) = 0.58; p = 0.446; n?> = 0.01), and pain (M = 14.29 and
SD =21.49 vs. M = 19.09 and SD = 24.97) (F(1,104) = 3.00; p = 0.086; n? = 0.03).

The next level of analysis determined differences in QoL resulting from the kind of
surgery performed (laparoscopic hemicolectomy, low rectal anterior resection,
or abdominoperineal resection) (Table 3). The following results were obtained: global
QoL—H(2,105) = 0.31 and p = 0.857; physical functioning—H(2,105) = 0.971 and p = 0.615;
role functioning—H(2,105) = 1.41 and p = 0.494; emotional functioning—H(2.105) = 1.54
and p = 0.463; cognitive functioning—H(2,105) = 0.41 and p = 0.816; and social func-
tioning—H(2.105) = 1.77 and p = 0.413. QoL analysis was also performed with regard to
the application of a stoma. For this purpose, an analysis consisting of the comparison
of two independent groups was performed. There were no differences in both global
QoL and particular types of QoL (n = 105: patients with applied stoma, n = 67; patients
without application of stoma, n = 38): global QoL—U = 1122.50 and p = 0.317; physical
functioning—U = 1272.50 and p = 1.000; role functioning—U = 1229.00 and p = 0.314;
emotional functioning—U = 1228.00 and p = 0.767; cognitive functioning—U = 1165.50 and
p = 0.476; and social functioning—U = 1263.00 and p = 0.949 (Table 3).

Table 3. Quality of life due to the type of surgery and the use of a stoma in T2 (1 = 105).

Type of Surgery The Stoma Application
Laparoscopic Low R?Ctal Abd(?mlno- Without a Applied
. Anterior perineal
Hemicolectomy . . Stoma Stoma
Resection Resection
n =233 n=>52 n=20 n=67 n =38
Global QoL M (SD) 66.41 (20.46) 68.59 (18.64) 65.83 (21.44) 68.91 (18.49) 64.69 (21.44)
obalio H(2,105) = 0.31; p = 0.857 U =1122.50; p = 0.317
. L M (SD) 79.60 (16.58) 80.64 (20.34) 81.33 (20.70) 80.80 (18.48) 79.82 (20.47)
Physical functioning H(2,105) = 0.97; p = 0.615 U =1272.50; p = 1.00
Role functionin M (SD) 79.29 (25.01) 82.69 (24.47) 85.00 (23.51) 82.34 (22.64) 81.58 (27.34)
& H(2,105) = 1.41; p = 0.494 U = 1229.00; p = 0.772
Emotional functionin M (SD) 86.36 (14.85) 90.71 (10.90) 89.17 (12.99) 89.30 (12.96) 88.60 (12.32)
8 H(2,105) = 1.54; p = 0.463 U =1228.00; p = 0.767
P, M (SD) 88.38 (14.72) 86.22 (15.38) 86.67 (18.42) 86.57 (14.86) 87.72 (17.19)
& & H(2,105) = 0.41; p = 0.816 U = 1165.50; p = 0.713
M (SD) 87.37 (19.11) 87.50 (18.04) 93.33 (12.57) 88.81 (16.76) 88.16 (18.95)

Social functioning

H(2,105) = 1.77; p = 0.413 U = 1263.00; p = 0.949

Key: n = sample size; M = mean value; SD = standard deviation; U = Mann-Whitney U test; H = Kruskal-Wallis
test; T2—half a year after surgery.

To verify the relationship between health behaviors and physical, emotional, and
social functioning, we carried out a complete set of multivariate linear regressions for
T1 and T2. The explanatory variables were as follows: the number of cigarettes smoked,
alcohol consumption, frequency of consumption of healthy food, physical activity, and
neoadjuvant treatment (T1)/adjuvant treatment (T2).
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The multivariate linear regression model for QoL—physical functioning (Table 4)
revealed the following statistically significant independent variables: number of cigarettes
(T1: p=—0.18; p = 0.020; T2: § = —0.13; p = 0.20), frequency of consuming healthy food
(T1: p=0.22; p = 0.006; T2: B =0.19; p = 0.046), physical activity (T1: g = 0.26; p < 0.001;
T2: B =0.41; p < 0.001), and complementary treatment (neoadjuvant therapy/T1: f = —0.18;
p = 0.012; adjuvant therapy/T1: g = —0.19; p = 0.039) (Table 4). Alcohol intake was not
a significant variable with respect to QoL—social functioning (T1: § = 0.08; p = 0.266;
T2: B =0.06; p = 0.566). The T1 model explained 18% of the variance in QoL physical
functioning [F(5,142) = 7.52; p < 0.001], while the T2 model explained 22% [F(5,93) = 6.90;
p < 0.001]. Physical activity at T1 and T2 explained 10% and 19% of the variance in
QoL—physical functioning, respectively.

Table 4. The results of the multivariate regression analysis for QoL—physical functioning during T1
and T2.

T1; R? =.21; R? Adjusted = 0.18

T2; R? = 0.27; R? Adjusted = 0.22

F(5,142) = 7.52; p < 0.001 F(5,93) = 6.90; p < 0.001

Variables VIF = 5.34 Variables VIF = 5.70
B SE B8 t p R? B SE B t r R?
Absolute term 9.82  <0.001 Absolute term 548  <0.001
Number of Number of
cigarettes —-0.18 0.08 —-234  0.020 0.04 cigarettes -0.13 0.10 -1.29  0.200 0.02
(items/day) (items/day)
Aleoholintake =50 903 112 0266 <001 Aleoholintake a0 10 058 0566 <0.01
(portions/week) (portions/week)
Frequency of Frequency of
consuming 022  0.08 2.81 0.006 0.04 consuming 019  0.09 2.02 0.046 0.03
healthy food healthy food
Physicalactivity o0 gos 337 <0001 o010  Chysicalactivity o009 460 <0001 0.19
(minutes/week) (minutes/week)
Net‘;ae‘g;‘;fmt —018 008 -254 0012 003  Adjuvanttherapy —0.19 009 —209 0039 0.2

Key: T1—the value before colon resection; T2—the value six months after surgery; R2—the coefficient of determi-
nation; Adjusted R?—the corrected coefficient of determination; B—a standardized regression coefficient for T1 or
T2; SE p—the standard error for the standardized beta; VIF—Variance Inflation Factor.

The Variance Inflation Factor was 5.34 in T1 and 5.70 in T2, thus indicating acceptable
collinearity for the analyzed variables.

The multivariate linear regression model for QoL—social functioning (Table 5) re-
vealed the following statistically significant independent variables: number of cigarettes
(T1: B=—-0.36; p < 0.001; T2: B =—0.34; p < 0.001), frequency of healthy food intake
(T1: p=10.33; p < 0.001; T2: B = 0.31; p < 0.001), physical activity (T1: g = 0.29; p = 0.010; T2:
B =0.21; p = 0.021), and complementary treatment (neoadjuvant therapy/T1: = —0.18;
p = 0.018; adjuvant therapy/T1: f = —0.02; p = 0.823) (Table 4). Alcohol intake was not a
significant variable with respect to QoL—social functioning (T1: g = 0.10; p = 0.159; T2:
B =0.14; p = 0.154). The T1 model explained 25% of the variance in QoL—social functioning
[F(5,138) = 10.52; p < 0.001], while the T2 model explained 20% [F(5,94) = 6.10; p < 0.001].
The number of cigarettes smoked and the frequency of consuming healthy food in T1
and T2 explained 11% and 9% as well as 8% and 10%, respectively, of the variance in
QoL—social functioning.

The Variance Inflation Factor was equal to 5.25 in T1 and 5.44 in T2, thus indicating
acceptable collinearity for the analyzed variables.
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The multivariate linear regression model for QoL—emotional functioning (Table 6) re-
vealed the following statistically significant independent variables: the number of cigarettes
(T1: p=—-0.38; p <0.001; T2: p = —0.31; p = 0.003), the intake frequency of pro-health
products (T1: B =0.29; p < 0.001; T2: B =0.21; p = 0.029), and complementary treatment
(neoadjuvant therapy/T1: B = —0.19; p = 0.011; adjuvant therapy/T1: 8 = —0.21; p = 0.003)
(Table 5). Alcohol intake was only a significant variable for QoL—emotional functioning
in T2, where § = 0.20 and p = 0.047. Physical activity was not a significant variable with
respect to QoL—emotional functioning (T1: g = 0.05; p = 0.480; T2: = 0.01; p = 0.957).

Table 5. The results of the multivariate regression analysis for QoL—social functioning during T1
and T2.

Variables

T1; R? =.28; R? Adjusted = 0.25
F(5,138) = 10.52; p < 0.001

T2; R? = 0.24; R? Adjusted = 0.20
F(5,94) = 6.10; p < 0.001

Variables

VIF = 5.25 VIF = 5.44
B SE B8 t p R? B SE B t p R?
Absolute term 14.75  <0.001 Absolute term 11.57  <0.001
Number of Number of
cigarettes —-0.36 0.08 —4.81 <0.001 0.11 cigarettes —-0.34 0.10 -347 <0.001  0.08
(items/day) (items/day)
Alcoholintake =y 15 58 14 0159 001 Aleoholintake =410 99 144 0154 002
(portions/week) (portions/week)
Frequency of Frequency of
consuming 0.33  0.08 432  <0.001 0.09 consuming 0.31 0.10 341 <0.001 0.10
healthy food healthy food
Physicalactivity 19 gog 262 0010 o004  Lrysiclactivity oo g00 234 0021 0.04
(minutes/week) (minutes/week)
Neoadjuvant 16 gos 239 0018 003  Adjuvanttherapy 002 009 -022 0823 <001
therapy
Key: T1—the value before colon resection; T2—the value six months after surgery; R2—the coefficient of determi-
nation; Adjusted R?—the corrected coefficient of determination; B—a standardized regression coefficient for T1 or
T2; SE p—the standard error for the standardized beta; VIF—Variance Inflation Factor.
Table 6. The results of the multivariate regression analysis for QoL—emotional functioning during
T1 and T2.
T1; R? =.22; R? Adjusted = 0.20 T2; R? = 0.16; R? Adjusted = 0.12
F(5,145) = 8.31; p < 0.001 F(5,97) = 3.82; p < 0.001
Variables VIF = 5.25 Variables VIF = 5.55
B SE B8 t p R? B SE B t p R?
Absolute term 8.94 <0.001 Absolute term 22.15  <0.001
Number of Number of
cigarettes —0.38 0.08 =5.03 <0.001  0.09 cigarettes —-0.31 0.10 —3.00 0.003 0.03
(items/day) (items/day)
Alcohol Alcohol
consumption 0.09 0.08 1.26 0210 <0.01 consumption 0.20 0.10 2.01 0.047 0.03
(portions/week) (portions/week)
Frequency of Frequency of
consuming 0.29 0.08 3.81 <0.001  0.09 consuming 0.21 0.09 222 0.029 0.05
healthy food healthy food
Physical activity o5 0og 071 0480 <001  Lrysicalactivity 5000 005 0957 <001
(minutes/week) (minutes/week)
Net‘;lae‘g;‘;f‘“t —019 008 257 0011 004 Adjuvanttherapy —021 010 —3.00 0003 0.5

Key: T1—the value before colon cancer resection; T2—the value six months after surgery; R>—the coefficient of
determination; Adjusted R?—the corrected coefficient of determination; B—a standardized regression coefficient
for T1 or T2; SE p—the standard error for the standardized beta; VIF—Variance Inflation Factor.
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The T1 model explained 20% of the variance in QoL—emotional functioning
[F(5,145) = 8.31; p < 0.001] and the T2 model explained 12% [F(5,97) = 3.82; p < 0.001].
The intake frequency of pro-health products and the number of cigarettes smoked in T1 ex-
plained 9% of the variance for each in T1 and 5% and 3% of the variance in T2, respectively,
with respect to QoL—emotional functioning. Alcohol consumption was associated with
QoL—emotional functioning in T2. The Variance Inflation Factor was equal to 5.25 in T1
and 5.55 in T2, indicating acceptable collinearity for the analyzed variables.

4. Discussion

This study compared healthy behaviors one week before and six months after surgery
for CRC. No statistically significant changes were observed with respect to smoking or the
consumption of healthy food. However, this study demonstrated significant decreases in
alcohol consumption and physical activity.

Global QoL did not change significantly; however, significant decreases in physical
and role functioning were observed. In addition, significant improvements in emotional
functioning were observed.

A detailed analysis showed that physical and social functioning were related to
smoking, the consumption of healthy food, physical activity, and complementary treat-
ment. Emotional functioning was related to smoking, the consumption of healthy food,
and complementary treatments; six months after an operation, it was also dependent on
alcohol intake.

In accordance with the ERAS protocol, which contains recommendations regarding
preparation for surgery, we analyzed cigarette smoking and showed that cigarette smoking
lowers the physical, social, and emotional functioning scores related to QoL. Likewise, a
British study conducted among patients diagnosed with CRC within the last five years
proved that non-smoking is beneficial with respect to global QoL [20]. Research has con-
firmed that, even in the general population, cigarette smokers present lower QoL than
non-smokers and the cessation of smoking improves QoL [34-36]. Many mechanisms im-
pact this effect, but within the scope of physical performance, a decrease in oxygen caused
by smoking reduces physical endurance, thus hampering patients” ability to perform well in
sports and engage in everyday activities such as walking up stairs. The impact of smoking
on emotional functioning can be explained by the nicotine contained in cigarettes, which
penetrates the central nervous system, causing sensations such as relaxation, increased
concentration, or an improved mood. Conversely, cigarette smokers’ limitation or aban-
donment of smoking is associated with negative feelings such as increased anxiety, mood
deterioration, and, possibly, increased fear [37,38]. This may partially explain why there
is a lower level of emotional functioning among smokers who try to limit the number of
cigarettes they smoke.

The positive relationship between alcohol consumption and emotional functioning is
interesting (as increased alcohol consumption increases the level of emotional functioning).
To explain this phenomenon, one should consider the number of portions consumed weekly.
The results regarding the alcohol intake of patients with CRC showed that substance intake
was reduced at T2 (1.20 parts weekly before surgery and 0.80 parts per week after it). It
can be assumed that the patients followed their physician’s advice in accordance with the
ERAS protocol. Six months after surgery, this beneficial change was maintained. Such an
observation could also result from more frequent contact with relatives and, therefore, the
consumption of smaller amounts of alcohol. Research conducted among colorectal cancer
survivors has shown that the vast majority of respondents are abstinent or that if they drink
alcohol, they only do so in small amounts [39]. Alcohol has a strong effect on the brain
and nervous system. After drinking alcohol, people become more relaxed and confident in
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their abilities, make new acquaintances easier, and are less inhibited from expressing their
thoughts. This affordance increases the emotional functioning of patients who consume
moderate amounts of alcohol (> 1 and <14 units for women; > 1 and <21 units for men) [6].

No changes in statistical significance were found regarding the consumption of healthy
food before or six months after surgery. However, we found a positive relationship between
eating healthy food (such as vegetables, fruits, fish, and whole-grain bread) and QoL-
related physical, social, and emotional functioning. The most commonly eaten products
were fruits and vegetables; however, the results obtained were averages, indicating that
these items were only consumed a few times per week. Research conducted among people
who underwent surgery for CRC has shown increased consumption of milk, vegetables,
and fruits two years after diagnosis [40]. Fruits and vegetables are valuable sources of
vitamins, micro- and macro-elements, and substances that support antioxidant effects [40].
Their regular consumption supports the excretory system and intestinal peristalsis. This
directly translates into improved physical functioning and the possibility of being active
in various social spheres. In Poland, nutritional problems mainly concern the deficiency
of dietary products such as fruits and vegetables. This problem is more frequently experi-
enced by older people in adverse financial situations than by those who are economically
stable [27]. Among working people, it was also noticed that they consume meals quickly
and irregularly; consume more fatty, sweet, and salty snacks rich in calories; and often
skip breakfast.

The relationship between consuming healthy food and improved emotional function-
ing can be characterized as the “food-mood connection mechanism.” This suggests that a
person who consumes a particular food product combines inputs from numerous receptors
(e.g., taste, smell, visual, and auditory) with their current emotional state during a single
experience. Through repeated experiences, an individual’s association between healthy
foods and positive emotional states is strengthened [41].

The results regarding levels of physical activity showed a reduction in the level of
physical activity after CRC surgery compared to that before surgery. It seems to be a
common problem that physical activity decreases after being diagnosed with cancer, as
confirmed by other researchers [42,43]. In our study, physical activity was significantly
associated with both physical and social functioning. It is worth noting that physical activity
was not a predictor of emotional functioning in either T1 or T2 assessments. Perhaps this
lack of association is due to the first measurement being taken a week before surgery
when the anticipatory anxiety level of waiting patients might be higher. In addition, the
six-month period after surgery may be so short that patients retain a high degree of fear for
cancer recurrence (FCR), which does not have a positive effect on emotional functioning.
FCR among patients who underwent CRC was relatively stable during therapy; however,
it decreased only five years after diagnosis [28,44]. In Poland, the level of activity is
determined mainly by the age of the individual. After the age of 29, the level of physical
activity decreases quite rapidly [25].

This study also revealed a relationship between adjuvant/neoadjuvant therapy and
decreased QoL. Perioperative treatment (preoperative/postoperative radio- and chemother-
apy) plays a crucial role in the contemporary treatment of CRC patients but might have
an important impact on QoL. Preoperative radiotherapy is a risk factor for low anterior
resection syndrome, which significantly reduces quality of life [45]. Similarly, radiotherapy
significantly increases sexual dysfunction [46] and impairs urination, particularly with
respect to distal tumors treated with abdominoperineal resection [47].

The patients who had undergone additional adjuvant treatment had lower levels of
emotional functioning than those who had not.
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It was expected that patients” quality of life would depend on the type of surgery, as
this determines the course of convalescence and differentiates the risk of complications
and treatment consequences, such as stoma formation. Patients with CRC often suffer
from a number of uncomfortable symptoms, such as rectal bleeding and gastrointestinal
obstruction, which reduce their quality of life and may be associated with a higher proba-
bility of receiving a temporary or even permanent stoma. The occurrence and severity of
these symptoms increase when the tumor is located more distally. The type of resection
(abdominoperineal resection or anterior resection) undoubtedly affects patients” quality
of life but is determined by the location of the disease. Notably, although maintaining a
patient’s physiological route of defecation improves their quality of life, effective radical
treatment has the same effect regardless of the type of surgery [48]. It is also interesting that
the type of procedure was not associated with an increase in behaviors related to health
during the preoperative and postoperative periods. This seems to have been because the
patients” health behaviors and QoL were measured only six months after surgery. Only
after postoperative wounds are fully healed, which is a duration that varies depending on
the type of surgical procedure, can patients display a higher level of physical activity.

The stabilization of a disease helps increase QoL. The time since surgery may be a
predictor of adaptation and improved mental functioning. This thesis was confirmed by
the studies conducted by Akechi et al., which included four groups of patients categorized
by the time of diagnosis to disease recurrence, arranged as follows: up to 1 year, 1-3 years,
over 3 years, and people who have experienced a relapse [49]. In general, people who had
been diagnosed with cancer up to one year ago and those who experienced a relapse of
the disease had lower quality of life and higher depression and anxiety scores than those
diagnosed more than a year ago and who did not relapse.

The results of this study have shown that the QoL of patients before colorectal tumor
resection is influenced by health behaviors and adjuvant therapy. In our opinion, the most
significant results are those documenting the influence of health behaviors on quality of life
among CRC patients. Our results may help both oncological and patient engagement pro-
fessionals create educational programs for medical practitioners who can, in turn, directly
influence health-oriented behaviors through first-hand contact with patients and their
families. Patients expect health professionals to help them change their health behaviors
through education, support, treatment, and medication [50,51].

According to the results presented herein, it is worth monitoring behaviors related
to health not only in hospitals but also outside medical facilities using strategies such
as widely available mobile devices. QoL appraisal including the spectrum of physical,
mental, and social levels of functioning may be useful for medical and psycho-oncological
personnel when determining interventions. It is worth focusing on all dimensions, both
those that have deteriorated and those that are unchanged or improved. Analysis of various
dimensions of life may determine a patient’s adaptive abilities. For example, a disease that
causes a decrease in a patient’s physical functioning but also an increase in their quality of
social functioning may indicate high adaptive ability.

4.1. Limitations

Our sample is not representative of the entire country. The majority of respondents
were men (roughly 65%). According to the National Cancer Register (KRN), the expected
number of men was 55% [52]. Our study group differed from national norms in other ways.
For example, 33-36% of our patients suffered from colon cancer, whereas the KRN has
indicated that this region accounts for 57% of all large intestinal cancer cases [48]. The
number of patients receiving rectosigmoid junction surgery or with rectal cancer was also
larger than we had expected.
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The inclusion of patients with various cancer locations within the colon and rectum
might have affected the results of the study. Another limitation is the fact that this study
was conducted with patients who underwent various perioperative therapies and surgical
techniques (laparoscopic or open). The adjuvant and neoadjuvant therapy groups were not
homogeneous because of their combinations of chemotherapy, radiotherapy, or chemora-
diotherapy. However, the composition of the groups (concerning the location of cancer as
well as adjuvant and neoadjuvant therapy) in this study at T1 and T2 was similar, and the
results provide a picture of the CRC patients.

In our analysis, we focused on the importance of health behaviors with respect to QoL
and did not consider some other variables that might be significant. These variables include
sociodemographic variables, such as gender, age, and economic status, and psychological
variables, such as personality, temperament, emotionality, and cognitive and social systems.
For example, personality factors, particularly neuroticism, play a role in lowering scores in
quality-of-life assessments [53].

4.2. Implications for Research and Practice

Although the importance of physical activity to QoL seems clear, the importance of
food consumption for QoL needs further research. A detailed analysis of the impacts of
consuming all types of products (healthy and unhealthy) during surgical preparations for
convalescence and QoL is necessary.

It is also of interest to conduct research that will highlight the importance of adjuvant
therapy for QoL in different types of surgery (laparoscopic hemicolectomy, low anterior
rectal resection, and abdominoperineal resection).

Finally, in the future, it is worth conducting studies on more homogeneous groups of
patients with CRC.

5. Conclusions

In our study, the results revealed that QoL—physical functioning was the area that
decreased the most six months after colorectal tumor surgery compared to the period
before surgery. Health behaviors such as cessation of smoking, engagement in phys-
ical activity, and the consumption of healthy food contribute to higher quality of life
among patients before and after colorectal cancer resection. The most significant predictors
for QoL—physical functioning were physical activity and the consumption of healthy
food. Moderate alcohol consumption had no effect on the quality of life of patients with
colorectal cancer.

Patients who received adjuvant/neoadjuvant therapy had lower quality-of-life scores
than patients who did not receive this type of therapy. The type of surgery (low anterior
rectal resection, laparoscopic hemicolectomy, and abdominoperineal resection) was not
related to QoL six months after surgery.

Author Contributions: Conceptualization, J.O., M.J. and K.B.; Methodology, ].O., M.]. and W.Z,;
Software, ].O., M.]. and A.M.; Validation, ].O., M.]., W.Z. and K.B.; Formal analysis, ].O., A.M. and K.B.;
Investigation, J.O., M.]. and W.Z.; Resources, ].O.; Data curation, M.]. and A.M.; Writing—original
draft, ].O., M.J. and K.B.; Writing—review and editing, J.O., AM. and K.B.; Visualization, M.].;
Supervision, W.Z. and K.B.; Project administration, J.O.; Funding acquisition, J.O. and M.]. All
authors have read and agreed to the published version of the manuscript.

Funding: This project was carried out as part of a grant financed by the National Science Centre,
Poland (project number: 2017/25/N/HS6/01365).

Institutional Review Board Statement: The study was carried out in compliance with the Declara-
tion of Helsinki, and the protocol was approved by the Bioethics Committee of Collegium Medicum
Nicolaus Copernicus University in Torun, Poland (Protocol KB345/2017).

Informed Consent Statement: Written informed consent was gathered from all participants before
they took part in the study.



Int. |. Environ. Res. Public Health 2023, 20, 5416

15 of 17

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

QoL Quality of Life

CRC Colorectal Cancer

ERAS Enhanced Recovery After Surgery

FOLFOX a Co'rrTbma.tlon of chem(?therapy dr}lgs '
(folinic acid, fluorouracil, and oxaliplatin)

BMI Body Mass Index

EHIS European Health Interview Survey

EORTC QLQ-C30 questionnaire

European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire

CTx chemotherapy

RT radiotherapy

LH laparoscopic hemicolectomy

LAR low rectal anterior resection,

APR abdominoperineal resection

FCR Fear of Cancer Recurrence

KRN National Cancer Registry in Poland

References

1. The World Health Organization quality of life assessment (WHOQOL): Position paper from the World Health Organization. Soc.
Sci. Med. 1995, 41, 1403-1409. [CrossRef] [PubMed]

2. Bullinger, M. Lebensqualitiitsforschung: Bedeutung—Anforderungen—Akzeptanz; Schattauer: Stuttgart, Germany, 1997.

3. Wang, C.C.; Sung, WW.; Yan, P.Y,; Ko, P.Y.; Tsai, M.C. Favorable colorectal cancer mortality-to-incidence ratios in countries
with high expenditures on health and development index: A study based on GLOBOCAN database. Medicine 2021, 100, e27414.
[CrossRef] [PubMed]

4. Morgan, E.; Arnold, M.; Gini, A.; Lorenzoni, V.; Cabasag, C.J.; Laversanne, M.; Vignat, J.; Ferlay, ].; Murphy, N.; Bray, F. Global
burden of colorectal cancer in 2020 and 2040: Incidence and mortality estimates from GLOBOCAN. Published online September
8, 2022:gutjnl-2022. Gut 2023, 72, 338-344. [CrossRef] [PubMed]

5. Jaroszyniska, Z.; Wisniewska, K. Epidemiologia raka jelita grubego (C18-C21) w Polsce. J. Educ. Health Sport. 2021, 11, 143-156.
[CrossRef]

6. Arnold, M,; Sierra, M.S.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global patterns and trends in colorectal cancer
incidence and mortality. Gut 2017, 66, 683—-691. [CrossRef] [PubMed]

7. World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) [Continuous Update Project report]: Diet, Nutrition,
Physical Activity, and Colorectal Cancer, 2016; World Cancer Research Fund International: London, UK, 2018.

8.  Zaytseva, Y. Lipid metabolism as a targetable metabolic vulnerability in colorectal cancer. Cancers 2021, 13, 301. [CrossRef]

9. Silva, A.; Faria, G.; Aratjo, A.; Monteiro, M.P. Impact of adiposity on staging and prognosis of colorectal cancer. Crit. Rev. Oncol.
Hematol. 2020, 145, 102857. [CrossRef]

10. Win, A.K,; Macinnis, R.J.; Hopper, ].L.; Jenkins, M. A. Risk prediction models for colorectal cancer: A review. Cancer Epidemiol.
Biomark. Prev. 2012, 21, 398-410. [CrossRef]

11. Amersi, F; Agustin, M.; Ko, C.Y. Colorectal cancer: Epidemiology, risk factors, and health services. Clin. Colon. Rect. Surg. 2005,
18, 133-140. [CrossRef]

12.  Fearon, K.C.H.; Ljungqvist, O.; Von Meyenfeldt, M.; Revhaug, A.; Dejong, C.H.; Lassen, K.; Nygren, J.; Hausel, J.; Soop, M.;
Andersen, |; et al. Enhanced recovery after surgery: A consensus review of clinical care for patients undergoing colonic resection.
Clin. Nutr. 2005, 24, 466-477. [CrossRef]

13.  Gustafsson, U.O.; Scott, M.].; Hubner, M.; Nygren, J.; Demartines, N.; Francis, N.; Rockall, T.A.; Young-Fadok, T.M.; Hill, A.G;
Soop, M.; et al. Guidelines for perioperative care in elective colorectal surgery: Enhanced recovery after surgery (ERAS®) society
recommendations: 2018. World ]. Surg. 2019, 43, 659-695. [CrossRef] [PubMed]

14. van Rooijen, S.; Carli, E; Dalton, S.O.; Johansen, C.; Dieleman, J.; Roumen, R.; Slooter, G. Preoperative modifiable risk factors in
colorectal surgery: An observational cohort study identifying the possible value of prehabilitation. Acta Oncol. 2017, 56, 329-334.
[CrossRef] [PubMed]

15.  Lovell, M.; Corbett, M.; Dong, S.; Siddall, P. Spiritual well-being in people living with persistent non-cancer and cancer-related
pain. Pain Med. 2021, 22, 1345-1352. [CrossRef] [PubMed]

16. Park, C.L. Meaning making following trauma. Front. Psychol. 2022, 23, 844891. [CrossRef]

17.  Krok, D.; Telka, E.; Zarzycka, B. Modeling psychological well-being among abdominal and pelvic cancer patients: The roles of

total pain, meaning in life, and coping. Psycho-Oncol. 2022, 31, 1852-1859. [CrossRef]


http://doi.org/10.1016/0277-9536(95)00112-K
http://www.ncbi.nlm.nih.gov/pubmed/8560308
http://doi.org/10.1097/MD.0000000000027414
http://www.ncbi.nlm.nih.gov/pubmed/34731114
http://doi.org/10.1136/gutjnl-2022-327736
http://www.ncbi.nlm.nih.gov/pubmed/36604116
http://doi.org/10.12775/JEHS.2021.11.10.013
http://doi.org/10.1136/gutjnl-2015-310912
http://www.ncbi.nlm.nih.gov/pubmed/26818619
http://doi.org/10.3390/cancers13020301
http://doi.org/10.1016/j.critrevonc.2019.102857
http://doi.org/10.1158/1055-9965.EPI-11-0771
http://doi.org/10.1055/s-2005-916274
http://doi.org/10.1016/j.clnu.2005.02.002
http://doi.org/10.1007/s00268-018-4844-y
http://www.ncbi.nlm.nih.gov/pubmed/30426190
http://doi.org/10.1080/0284186X.2016.1267872
http://www.ncbi.nlm.nih.gov/pubmed/28067102
http://doi.org/10.1093/pm/pnaa414
http://www.ncbi.nlm.nih.gov/pubmed/33296472
http://doi.org/10.3389/fpsyg.2022.844891
http://doi.org/10.1002/pon.6043

Int. |. Environ. Res. Public Health 2023, 20, 5416 16 of 17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

Lewis, C.; Xun, P; He, K. Vitamin D supplementation and quality of life following diagnosis in stage II colorectal cancer patients:
A 24-month prospective study. Support. Care Cancer 2016, 24, 1655-1661. [CrossRef]

Gigic, B.; Boeing, H.; Toth, R.; Bohm, J.; Habermann, N.; Scherer, D.; Schrotz-King, P.; Abbenhardt-Martin, C.; Skender, S.;
Brenner, H.; et al. Associations between dietary patterns and longitudinal quality of life changes in colorectal cancer patients: The
ColoCare study. Nutr. Cancer 2018, 70, 51-60. [CrossRef]

Grimmett, C.; Bridgewater, J.; Steptoe, A.; Wardle, J. Lifestyle and quality of life in colorectal cancer survivors. Qual. Life Res.
2011, 20, 1237-1245. [CrossRef]

Lewis, C.; Xun, P.; He, K. Physical activity in relation to quality of life in newly diagnosed colon cancer patients: A 24-month
follow-up. Qual. Life Res. 2014, 23, 2235-2246. [CrossRef]

Ray, A.D.; Twarozek, A.M.; Williams, B.T.; Erwin, D.O.; Underwood, W., 3rd; Mahoney, M.C. Exercise in African American and
white colorectal cancer survivors: A mixed methods approach. Rehabil. Oncol. 2018, 36, 188-197. [CrossRef]

Chambers, S.K.; Meng, X.; Youl, P; Aitken, J.; Dunn, J.; Baade, P. A five-year prospective study of quality of life after colorectal
cancer. Qual. Life Res. 2012, 21, 1551-1564. [CrossRef]

Hsu, H.T,; Wu, L.M; Lin, P.C,; Juan, C.H.; Huang, Y.Y.; Chou, PL.; Chen, ].L. Emotional distress and quality of life during folinic
acid, fluorouracil, and oxaliplatin in colorectal cancer patients with and without chemotherapy-induced peripheral neuropathy:
A cross-sectional study. Medicine 2020, 99, €19029. [CrossRef]

Rohrl, K.; Guren, M.G.; Astrup, G.L.; Smastuen, M.C.; Rusteen, T. High symptom burden is associated with impaired quality of
life in colorectal cancer patients during chemotherapy:A prospective longitudinal study. Eur. J. Oncol. Nurs. 2020, 44, 101679.
[CrossRef]

Tarkowska, M.; Glowacka-Mrotek, I.; Skonieczny, B.; Jankowski, M.; Nowikiewicz, T.; Jarzemski, M.; Zegarski, W.; Jarzemski, P.
Prospective evaluation of the quality of life of patients after surgical treatment of rectal cancer: A 12-month cohort observation.
J. Clin. Med. 2022, 11, 5912. [CrossRef]

Piekarzewska, M.; Wieczorkowski, R.; Zajenkowska-Koztowska, A. Health status of population in Poland in 2014. Available
online: https:/ /stat.gov.pl/obszary-tematyczne/zdrowie/zdrowie/stan-zdrowia-ludnosci-polski-w-2014-1-,6,6.html (accessed
on 20 March 2020).

Johnson, C.M.; Wei, C.; Ensor, J.E.; Smolenski, D.J.; Amos, C.I.; Levin, B.; Berry, D.A. Meta-analyses of colorectal cancer risk
factors. Cancer Causes Control. 2013, 24, 1207-1222. [CrossRef] [PubMed]

Nashar, R.M.; Almurshed, K.S. Colorectal cancer: A case control study of dietary factors, king Faisal specialist hospital and
researh center, Riyadh, Saudi arabia. |. Family Community Med. 2008, 15, 57-64.

Gonzalez, C.A. The European prospective investigation into cancer and nutrition (EPIC). Public Health Nutr. 2006, 9, 124-126.
[CrossRef]

Norat, T.; Bingham, S.; Ferrari, P; Slimani, N.; Jenab, M.; Mazuir, M.; Overvad, K.; Olsen, A.; Tjenneland, A.; Clavel, F; et al.
Meat, fish, and colorectal cancer risk: The European prospective investigation into cancer and nutrition. J. Natl. Cancer Inst. 2005,
97,906-916. [CrossRef]

Aaronson, N.K,; Ahmedzai, S.; Bergman, B.; Bullinger, M.; Cull, A.; Duez, N.J.; Filiberti, A.; Flechtner, H.; Fleishman, S.B.;
de Haes, J.C. 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, 365-376. [CrossRef] [PubMed]

Field, A. Discovering Statistics Using IBM SPSS Statistic; SAGE Publications Ltd.: Thousand Oaks, CA, USA, 2009.

Nduaguba, S.O.; Ford, K.H.; Rascati, K. The role of physical activity in the association between smoking status and quality of life.
Nicotine Tob. Res. 2019, 21, 1065-1071. [CrossRef] [PubMed]

Goldenberg, M.; Danovitch, I.; IsHak, W.W. Quality of life and smoking. Am. J. Addict. 2014, 23, 540-562. [CrossRef]

Moayeri, F; Hsueh, Y.A.; Dunt, D.; Clarke, P. Smoking Cessation and quality of life: Insights from analysis of longitudinal
Australian data, an application for economic evaluations. Value Health 2021, 24, 724-732. [CrossRef]

Grover, KW.; Goodwin, R.D.; Zvolensky, M.]. Does current versus former smoking play a role in the relationship between anxiety
and mood disorders and nicotine dependence? Addict. Behav. 2012, 37, 682-685. [CrossRef]

Mojtabai, R.; Crum, R.M. Cigarette smoking and onset of mood and anxiety disorders. Am. J. Public Health 2013, 103, 1656-1665.
[CrossRef] [PubMed]

Hawkins, N.A.; Berkowitz, Z.; Rodriguez, ].L. Awareness of dietary and alcohol guidelines among colorectal cancer survivors.
Am. ]. Prev. Med. 2015, 49 (Suppl. S5), S509-S517. [CrossRef]

Lewis, C.M.; Wolf, W.A.; Xun, P; Sandler, R.S.; He, K. Racial differences in dietary changes and quality of life after a colorectal
cancer diagnosis: A follow-up of the Study of Outcomes in Colorectal Cancer Survivors cohort. Am. J. Clin. Nutr. 2016, 103,
1523-1530. [CrossRef] [PubMed]

Lyman, B.A. Psychology of Food: More Than a Matter of Taste; Van Nostrand Reinhold: New York, NY, USA, 1989.

Fujisawa, D.; Umezawa, S.; Basaki-Tange, A.; Fujimori, M.; Miyashita, M. Smoking status, service use and associated factors
among Japanese cancer survivors—A web-based survey. Support. Care Cancer 2014, 22, 3125-3134. [CrossRef] [PubMed]
Hawkins, N.A.; Smith, T.; Zhao, L.; Rodriguez, J.; Berkowitz, Z.; Stein, K.D. Health-related behavior change after cancer: Results
of the American Cancer Society’s studies of cancer survivors (SCS). J. Cancer Surviv. 2010, 4, 20-32. [CrossRef]


http://doi.org/10.1007/s00520-015-2945-9
http://doi.org/10.1080/01635581.2018.1397707
http://doi.org/10.1007/s11136-011-9855-1
http://doi.org/10.1007/s11136-014-0679-7
http://doi.org/10.1097/01.REO.0000000000000125
http://doi.org/10.1007/s11136-011-0067-5
http://doi.org/10.1097/MD.0000000000019029
http://doi.org/10.1016/j.ejon.2019.101679
http://doi.org/10.3390/jcm11195912
https://stat.gov.pl/obszary-tematyczne/zdrowie/zdrowie/stan-zdrowia-ludnosci-polski-w-2014-r-,6,6.html
http://doi.org/10.1007/s10552-013-0201-5
http://www.ncbi.nlm.nih.gov/pubmed/23563998
http://doi.org/10.1079/PHN2005934
http://doi.org/10.1093/jnci/dji164
http://doi.org/10.1093/jnci/85.5.365
http://www.ncbi.nlm.nih.gov/pubmed/8433390
http://doi.org/10.1093/ntr/nty052
http://www.ncbi.nlm.nih.gov/pubmed/29554318
http://doi.org/10.1111/j.1521-0391.2014.12148.x
http://doi.org/10.1016/j.jval.2020.11.022
http://doi.org/10.1016/j.addbeh.2012.01.014
http://doi.org/10.2105/AJPH.2012.300911
http://www.ncbi.nlm.nih.gov/pubmed/23327282
http://doi.org/10.1016/j.amepre.2015.08.012
http://doi.org/10.3945/ajcn.115.126276
http://www.ncbi.nlm.nih.gov/pubmed/27099251
http://doi.org/10.1007/s00520-014-2284-2
http://www.ncbi.nlm.nih.gov/pubmed/24848577
http://doi.org/10.1007/s11764-009-0104-3

Int. |. Environ. Res. Public Health 2023, 20, 5416 17 of 17

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Koch-Gallenkamp, L.; Bertram, H.; Eberle, A.; Holleczek, B.; Schmid-Hopfner, S.; Waldmann, A.; Zeissig, S.R.; Brenner, H.;
Arndt, V. Fear of recurrence in long-term cancer survivors-Do cancer type, sex, time since diagnosis, and social support matter?
Health Psychol. 2016, 35, 1329-1333. [CrossRef]

Chen, T.Y.T.; Wiltink, L.M.; Nout, R.A.; Meershoek-Klein Kranenbarg, E.; Laurberg, S.; Marijnen, C.A.; van de Velde, C.J. Bowel
function 14 years after preoperative short-course radiotherapy and total mesorectal excision for rectal cancer: Report of a
multicenter randomized trial. Clin. Colorectal Cancer 2015, 14, 106-114. [CrossRef]

Hendren, S.K.; O’Connor, B.I; Liu, M.; Asano, T.; Cohen, Z.; Swallow, C.J.; Macrae, HM.; Gryfe, R.; McLeod, R.S. Prevalence of
male and female sexual dysfunction is high following surgery for rectal cancer. Ann. Surg. 2005, 242, 212-223. [CrossRef]
Ledebo, A.; Bock, D.; Prytz, M.; Haglind, E.; Angenete, E. Urogenital function 3 years after abdominoperineal excision for rectal
cancer. Color. Dis. 2018, 20, O123-0134. [CrossRef]

Monastyrska, E.; Hagner, W.; Jankowski, M.; Glowacka, I.; Zegarska, B.; Zegarski, W. Prospective assessment of the quality of life
in patients treated surgically for rectal cancer with lower anterior resection and abdominoperineal resection. Eur. J. Surg. Oncol.
2016, 42, 1647-1653. [CrossRef] [PubMed]

Akechi, T.; Uchida, M.; Nakaguchi, T.; Okuyama, T.; Sakamoto, N.; Toyama, T.; Yamashita, H. Difference of patient’s perceived
need in breast cancer patients after diagnosis. Jpn. . Clin. Oncol. 2015, 45, 75-80. [CrossRef] [PubMed]

Buczkowski, K.; Marcinowicz, L.; Czachowski, S.; Piszczek, E.; Sowinska, A. “‘What kind of general practitioner do I need for
smoking cessation?’ Results from a qualitative study in Poland. BMC Fam. Pract. 2013, 14, 159. [CrossRef]

Armstrong, M.].; Mottershead, T.A.; Ronksley, PE,; Sigal, R.J.; Campbell, T.S.; Hemmelgarn, B.R. Motivational interviewing to
improve weight loss in overweight and/or obese patients: A systematic review and meta-analysis of randomized controlled
trials. Obes. Rev. 2011, 12, 709-723. [CrossRef] [PubMed]

Report from the Polish National Cancer Registry C18-C21. Available online: http://onkologia.org.pl/nowotwory-zlosliwe-jelita-
grubego-c18-21/#q (accessed on 31 October 2019).

Hulbert-Williams, N.; Neal, R.; Morrison, V.; Hood, K.; Wilkinson, C. Anxiety, depression and quality of life after cancer diagnosis:
What psychosocial variables best predict how patients adjust? Psycho. Oncol. 2012, 21, 857-867. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1037/hea0000374
http://doi.org/10.1016/j.clcc.2014.12.007
http://doi.org/10.1097/01.sla.0000171299.43954.ce
http://doi.org/10.1111/codi.14229
http://doi.org/10.1016/j.ejso.2016.07.007
http://www.ncbi.nlm.nih.gov/pubmed/27514720
http://doi.org/10.1093/jjco/hyu165
http://www.ncbi.nlm.nih.gov/pubmed/25324476
http://doi.org/10.1186/1471-2296-14-159
http://doi.org/10.1111/j.1467-789X.2011.00892.x
http://www.ncbi.nlm.nih.gov/pubmed/21692966
http://onkologia.org.pl/nowotwory-zlosliwe-jelita-grubego-c18-21/#q
http://onkologia.org.pl/nowotwory-zlosliwe-jelita-grubego-c18-21/#q
http://doi.org/10.1002/pon.1980

	Introduction 
	Method 
	Materials and Methods 
	Measures 
	Health-Related Behaviors 
	Quality of Life 
	Demographics and Medical Data 

	Study Procedure 
	Participants 
	Statistical Analyses 
	Ethical Approval 

	Results 
	Discussion 
	Limitations 
	Implications for Research and Practice 

	Conclusions 
	References

