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OBJECTIVE: This study aimed to assess associations
between modifiable preoperative lifestyle factors and
postoperative complications in patients undergoing
elective surgery for colorectal cancer.

DESIGN: This is a retrospective study of a prospectively
maintained database.

SETTING: At diagnosis, data on smoking habits, alcohol
consumption, BMI, and physical activity were collected
by using questionnaires. Postoperative data were gathered
from the nationwide database of the Dutch ColoRectal
Audit.

PATIENTS: Patients (n = 1564) with newly diagnosed
stage I to IV colorectal cancer from 11 Dutch hospitals
were included in a prospective observational cohort study
(COLON) between 2010 and 2018.

MAIN OUTCOME MEASURES: Multivariable logistic
regression models were used to identify which
preoperative lifestyle factors were associated with
postoperative complications.

RESULTS: Postoperative complications occurred in
28.5%, resulting in a substantially prolonged hospital stay
(12 vs 5 days, p < 0.001). Independently associated with
higher postoperative complication rates were ASA class II
(OR, 1.46; 95% CI, 1.05-2.04; p = 0.03) and III to IV (OR,
3.17; 95% CI, 1.96-5.12; p < 0.001), current smoking
(OR, 1.62; 95% CI, 1.02-2.56; p = 0.04), and rectal tumors
(OR, 1.81; 95%CI, 1.28-2.55; p = 0.001). Body mass
index, alcohol consumption, and physical activity did not
show an association with postoperative complications.
However, in a subgroup analysis of 200 patients with
ASA 11T to IV, preoperative high physical activity was
associated with fewer postoperative complications (OR,
0.17; 95% CI, 0.03-0.87; p = 0.04).
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LIMITATIONS: Compared with most studied colorectal
cancer populations, this study describes a relatively
healthy study population with 87.2% of the included
patients classified as ASA Tto II.

CONCLUSIONS: Modifiable lifestyle factors such as
current smoking and physical activity are associated
with postoperative complications after colorectal cancer
surgery. Current smoking is associated with an increased
risk of postoperative complications in the overall study
population, whereas preoperative high physical activity
is only associated with a reduced risk of postoperative
complications in patients with ASA III to IV. See Video
Abstract at http://links.lww.com/DCR/B632.

LA ASOCIACION ENTRE FACTORES MODIFICABLES DEL
ESTILO DEVIDAY COMPLICACIONES POSOPERATORIAS
EN CIRUGIA ELECTIVA EN PACIENTES CON CANCER
COLORECTAL

ANTECEDENTES: Estudios han demostrado una posible
relacion entre el estilo de vida preoperatorio de los
pacientes y las complicaciones posoperatorias.

OBJETIVO: Evaluar las asociaciones entre los factores
de estilo de vida preoperatorios modificables y las
complicaciones posoperatorias en pacientes llevados a
cirugia electiva por cancer colorrectal.

DISENO: Estudio retrospectivo de una base de datos
continua de forma prospectiva.

ESCENARIO: En el momento del diagnostico se
recopilaron mediante cuestionarios datos sobre
tabaquismo, consumo de alcohol, el IMC y la actividad
fisica. Los datos posoperatorios se obtuvieron de la base
de datos nacional de la Auditoria Colorectal Holandesa.

PACIENTES: Se incluyeron pacientes (n = 1564) de once
hospitales holandeses con céncer colorrectal en estadio
I-IV recién diagnosticado incluidos en un estudio de
cohorte observacional prospectivo (COLON) entre 2010
y 2018.

PRINCIPALES VARIABLES ANALIZADAS: Se utilizaron
modelos de regresion logistica multivariable para
identificar qué factores de estilo de vida preoperatorios y
se asociaron con complicaciones posoperatorias.

RESULTADOS: Las complicaciones posoperatorias se
presentaron en el 28,5%, lo que result6 en una estancia
hospitalaria considerablemente mayor (12 contra 5

dias, p <0,001). De manera independiente se asociaron
con mayores tasas de complicaciones posoperatorias la
clasificacion ASA II (OR 1,46; 95% IC 1,05-2,04, p = 0,03)
y III-IV (OR 3,17; 95% IC 1,96-5,12, p <0,001), tabaquismo
presente (OR 1,62; IC 95% 1,02-2,56, p = 0,04) y tumores
rectales (OR 1,81; IC 95% 1,28-2,55, p = 0,001). E1 IMC,
el consumo de alcohol y la actividad fisica no mostraron
asociacion con complicaciones posoperatorias. Sin
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embargo, en un analisis de subgrupos de 200 pacientes
ASA TII-1V, la actividad fisica intensa preoperatoria se
asocié con menos complicaciones posoperatorias (OR
0,17; IC del 95%: 0,03-0,87, p = 0,04).

LIMITACIONES: En comparacion con las poblaciones de
cancer colorrectal mas estudiadas, este estudio incluyo
una poblacién relativamente sana con el 87,2% de los
pacientes incluidos clasificados como ASA I-I1I.

CONCLUSIONES: Los factores modificables del estilo de
vida, como son el encontrarse fumando y la actividad
fisica, se asocian con complicaciones posoperatorias
después de la cirugia de cancer colorrectal. El encontrarse
fumando se asocia con un mayor riesgo de complicaciones
posoperatorias en la poblacion general del estudio,
mientras que la actividad fisica intensa preoperatoria

se asocia con un menor riesgo de complicaciones
posoperatorias Unicamente en pacientes ASA III-IV.
Consulte Video Resumen en http://links.lww.com/DCR/
B632. (Traduccion—Dr. Juan Antonio Villanueva-Herrero)

KEY WORDS: Colorectal neoplasms; Colorectal surgery;
Lifestyle; Postoperative complications.

ith a global incidence of over 1 million cases,
Wcolorectal cancer (CRC) is the third most

commonly diagnosed cancer (10.2%) and the
second leading cause of cancer death (9.2% of the total
cancer deaths).! Surgery is the cornerstone of the cura-
tive treatment of patients with CRC, carrying a substantial
postoperative risk of morbidity and mortality.> Possible
complications of colorectal surgery include minor com-
plications such as pneumonia, wound infection, and deep
vein thrombosis and major adverse events such as anas-
tomotic leakage and mortality.® The introduction of early
recovery after surgery has, among other improvements in
perioperative care, contributed to a significant decrease in
postoperative complications after colorectal surgery from
approximately 55% to 30%.

Increasing patients” functional capacity before surgery
would potentially allow them to retain a higher level of
functional capacity over their entire surgical admission.*
This has led to the introduction of prehabilitation programs
in many centers worldwide to enhance functional exercise
capacity in patients with the intent to minimize postopera-
tive morbidity and accelerate postsurgical recovery.*

Several pilot studies have been performed to study
the clinical outcome of prehabilitation in CRC surgery.>”
The results are contradictory, possibly due to the current
methodological heterogeneity of the programs, resulting
in limited comparability.®* Some prehabilitation programs
concentrate on multiple modifiable patient-related fac-
tors, such as physical exercise, nutritional status, smoking,
and psychological well-being, whereas others focus on
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only 1 factor. These areas of focus were provided by stud-
ies regarding patient-related risk factors for postoperative
complications after CRC surgery. The identified risk fac-
tors can be divided into unmodifiable patient-related fac-
tors, such as higher age, male sex, and comorbidity,”'? and
modifiable factors, including cigarette smoking, impaired
functional capacity, alcohol consumption, and impaired
nutritional status.”*~'¢ These latter factors could be impor-
tant factors in prehabilitation programs.

Studies investigating risk factors for postoperative
complications are often conducted within a small sample
size or do not solely focus on CRC surgery. Therefore, with
prospectively collected data from a large cohort of patients
with CRC, we aim to determine whether modifiable life-
style factors are associated with postoperative complica-
tions in patients undergoing elective surgery for newly
diagnosed CRC. Based on previous studies, we hypothe-
sized that current and former smoking, low BMI, and high
alcohol consumption are associated with increased post-
operative complications, whereas increased physical activ-
ity is associated with fewer postoperative complications.

PATIENTS AND METHODS

Study Population

Our study population consists of patients included between
August 2010 and December 2018 in the ongoing “Colorectal
cancer: Longitudinal, Observational study on Nutritional and
lifestyle factors that influence colorectal tumor recurrence,
survival and quality of life” (COLON) study.!” In this cohort
study, preoperative data were collected from patients with
newly diagnosed CRC in 11 hospitals in the Netherlands.
Patients were excluded when they had a history of CRC, (par-
tial) bowelresection, chronicIBD,ahereditary CRCsyndrome,
dementia or another mental condition, or were non-Dutch
speaking. In our study, 466 patients had to be excluded because
of missing clinical data. Furthermore, nonelective patients
(n = 29) and patients undergoing transanal surgery (n = 15)
or hyperthermic intraperitoneal chemotherapy (n = 2) were
also excluded. For 33 patients, linkage to clinical data was not
possible. Therefore, a total of 1564 patients were available for
analysis, as shown in Figure 1.

Data Collection

Preoperative data regarding lifestyle factors were col-
lected from self-administered questionnaires completed
by the patients shortly after diagnosis. Smoking status
was classified as never, former, and current. Body mass
index was calculated with self-reported body weight and
height and divided into 4 categories in accordance with
clinical guidelines, <20, 20 to 24.99, 25 to 30, and >30kg/
m?. Alcohol consumption was categorized as <1, 1 to 14,
or >14 units per week, with 1 unit defined as containing
10g of alcohol, equivalent to 1 glass of beer or wine or 1
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FIGURE 1. Flow diagram showing the inclusion of patients
with colorectal cancer. HIPEC = hyperthermic intraperitoneal
chemotherapy.

measure of spirits.'® Physical activity was assessed with the
validated Short QUestionnaire to ASsess Health enhanc-
ing physical activity (SQUASH)." In accordance with the
Dutch physical activity guideline, a division was made
between <150 and >150 minutes of moderate-to-vigorous
activity per week.?* Moderate-to-vigorous physical activity
was defined as activities with a metabolic equivalent value
>3, such as walking, cycling, and sports.?! Extra subgroups
were made consisting of 150 to 500, 500 to 1000, and
>1000 minutes of moderate-to-vigorous activity per week.
Postoperative data were obtained from the Dutch
ColoRectal Audit, a nationwide, Web-based database that
contains data about the perioperative period of all patients
undergoing surgery for CRC in The Netherlands.?* Tumor
location was divided into right colon (proximal to the
splenic flexure), left colon (distal to and including the
splenic flexure), and rectum. The tumor-node-metastasis
(TNM) classification at the time of diagnosis was used
for staging.”® Because clinical staging of CRC is relatively
unreliable,* pathological TNM staging took precedence
over clinical staging, except in the case of missing patho-
logical data or treatment with neoadjuvant radiotherapy.

Outcome

The primary outcome of this study was the occurrence
of postoperative complications after elective CRC sur-
gery. Surgical complications were considered severe when
equivalent to Clavien-Dindo classification 3 to 5, such
as anastomotic leakage or mortality due to a surgical
complication. Mild surgical complications were defined
as Clavien-Dindo 1 to 2,* including wound infections
opened at bedside, pharmacological treatments, or blood
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transfusions. Nonsurgical complications included pulmo-
nal, cardiac, neurological, infectious, or thromboembolic
complications. Because of a change in data collection at
the Dutch ColoRectal Audit, complications before 2018
were registered 30 days postsurgery, whereas complica-
tions since 2018 were registered up to 90 days postsur-
gery. If no complications occurred, patients were analyzed
as “no complication” A secondary outcome measure was
duration of postoperative hospital stay, measured in days.

Statistical Analyses

Population characteristics at diagnosis were described for
the total study population and stratified by no complica-
tions versus complications. To maintain sufficient group
sizes, only smoker status regardless of pack-years was
used for analyses. Continuous variables were presented
as median with their total range and categorical variables
as absolute numbers and percentage. Between-group
analysis of continuous variables was performed using the
Mann-Whitney U test. The Pearson ¥ test and Fisher exact
test were used to compare categorical variables. Logistic
regression models were used to estimate ORs and cor-
responding 95% Cls for the univariable relation between
each patient- and tumor-related characteristic as indepen-
dent variable and the occurrence of postoperative compli-
cations as dependent variable. Furthermore, multivariable
logistic regression was performed including all patient-
and tumor-related characteristics, after which manual
backward elimination was performed to determine con-
founders. If the removal of a characteristic resulted in at
least a 10% change in the OR of 1 of the 4 lifestyle factors
of interest (smoking, alcohol consumption, BMI, or physi-
cal activity), that variable was kept in the model. All other
variables were removed from the model. We performed
these analyses for complications in general, nonsurgi-
cal complications, surgical complications, severe surgical
complications, and mild surgical complications. Because
we expected to find the largest effect in patients with
comorbidity, we also performed the logistic regression
models for patients with ASA Ito II only and patients with
ASA III to IV only. All statistical analyses were performed
with SPSS version 25 (IBM Corp, Armonk, NY) and p val-
ues below 0.05 were considered statistically significant.

RESULTS

Population Characteristics

Median age of the included patients was 66 years (range
31-93), 64% were male, and 87.2% were classified as ASA
I or II (Table 1). Of 1564 included patients, 1077 (68.9%)
were diagnosed with colon cancer and 487 (31.1%) were
diagnosed with rectal cancer. A total of 446 patients
(28.5%) experienced 1 or more postoperative compli-
cations. Patients who were 70 years of age and older
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(p=0.003), male (p <0.001), or (former) smokers (p=0.01)
developed postoperative complications more frequently
than patients who were younger than 70 years, female,
and never smokers (Table 1). Furthermore, patients with
a higher ASA score (p < 0.001) and with rectal cancer
(p < 0.001) more often had a postoperative complication.
Patients who experienced a complication had a substan-
tially prolonged hospital stay (12 vs 5 days, p < 0.001). Of
the current smokers, the majority (n = 115) had more than
15 pack-years. As shown in Table 2, 271 patients (17.3%)
developed surgical postoperative complications and 175
patients (11.2%) developed nonsurgical complications.

Separate analysis of surgical complications only (sub-
divided into severe and mild) and nonsurgical complica-
tions only resulted in small groups leading to no significant
association with lifestyle factors. Therefore, further analy-
ses were performed with all complications.

Lifestyle Factors and Postoperative Complications

In multivariable logistic regression analyses, current
smoking (vs never smoking) was associated with post-
operative complications (OR, 1.62; 95% CI, 1.02-2.56;
p = 0.04; Table 3). Likewise, current smokers also had an
increased chance of developing nonsurgical complica-
tions (OR, 2.21; 95% ClI, 1.08-4.52; p = 0.03) (results not
shown). Higher chances of postoperative complications
were seen in patients with ASA class II (OR, 1.46; 95% ClI,
1.05-2.04; p =0.03) and ASA class III to IV (OR, 3.17; 95%
CI, 1.96-5.12; p < 0.001), both compared with ASA class I.
Rectal cancer was also associated with an increased risk of
complications (OR, 1.81; 95% ClI, 1.28-2.55; p = 0.001), in
comparison with right-sided colon cancer. Independently
associated with fewer postoperative complications was
left-sided colon cancer (OR, 0.65; 95% CI, 0.45-0.93;
p < 0.02) in contrast to right-sided colon cancer. Other
modifiable lifestyle factors such as BMI, alcohol consump-
tion, and physical activity were not independently asso-
ciated with postoperative complications in general (all
p values > 0.05; Table 3).

Subgroup Analyses
Population characteristics of 200 patients with ASA class
III to IV are described in Table 4. A total of 91 patients
(45.5%) developed 1 or more postoperative complica-
tions. Multivariable logistic analyses showed that physical
activity >1000 min/wk was independently associated with
a reduced risk of postoperative complications (OR, 0.17;
95% CI, 0.03-0.87; p = 0.04) compared with <150 min/wk
(Table 5). There were no other statistically significant dif-
ferences regarding modifiable lifestyle factors between the
complication group compared with the noncomplication
group.

Multivariable logistic regression analysis in the sub-
group of 1364 patients with ASA class I to II resulted in
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TABLE 1. Population characteristics at diagnosis, overall, and by postoperative complication

All patients No postoperative complication Postoperative complication
Clinical variables n % n % n % pvalue
Total 1564 100 1118 715 446 28.5
Patient characteristics
Age
Median (range) 66.3 (31-93) 65.9 (31-93) 67.3 (31-90) 0.001°
<70y 1029 65.8 761 68.1 268 60.1 0.003°
>70y 535 342 357 31.9 178 39.9
Sex
Male 1004 64.2 684 61.2 320 717 <0.001°
Female 560 358 434 38.8 126 28.3
BMI (kg/m?)
Median (range) 26.0 (15.9-49.5) 26.0 (15.9-48.2) 26.4 (18.1-49.5) 0.18°
<20 47 3.0 36 3.2 i 25 0.83°
20-25 563 36.0 400 358 163 36.5
25-30 674 43.1 485 434 189 424
>30 280 17.9 197 17.6 83 18.6
Smoking habits
Never 443 283 332 29.7 111 249 0.01°
Former smoker 769 49.1 565 50.5 204 45.7
Current smoker 157 10.1 95 8.5 62 13.9
Unknown 195 125 126 11.3 69 15.5
Alcohol units (per week)
Median (range) 5.8 (0-87.4) 5.7 (0-73.2) 6.2 (0-87.4) 0.18°
<1 411 26.3 302 27.0 109 244 0.11°
1-14 659 421 487 43.6 172 38.6
>14 380 243 259 232 121 27.1
Unknown 114 7.3 70 6.3 44 9.9
Physical activity (per week)*
Median (range) 662.5 (0-5220) 690.0 (0-5220) 600.0 (0-4500) 0.06*
<150 min 130 8.3 90 8.1 40 9.0 0.41°
150-500 min 414 26.5 289 25.8 125 28.0
500-1000 min 396 253 293 26.2 103 23.1
>1000 min 438 28.0 323 289 115 25.8
Unknown 186 11.9 123 11.0 63 14.1
Education?
Elementary 71 4.5 49 4.4 22 4.9 0.25°
Lower 808 51.7 578 51.7 230 51.6
Intermediate 102 6.5 69 6.2 33 7.4
Higher 469 30.0 354 31.7 115 258
Unknown 114 73 68 6.1 46 10.3
Comorbidity
Yes 1058 67.6 726 64.9 332 74.4 <0.001P
No 505 323 391 35.0 114 25.6
Unknown 1 0.1 1 0.1 0 0.0
ASA classification
| 454 29.0 365 326 89 20.0 <0.001°
Il 910 58.2 644 57.6 266 59.6
-1v 200 12.8 109 9.7 91 204
Hospital stay
Median (range) 5(2-182) 5(2-92) 12 (2-182) <0.0012
<14 days 1334 85.3 1080 96.6 254 57.0 <0.001°
>14 days 225 144 34 3.0 191 42.8
Unknown 5 0.3 4 0.4 1 0.2
Intensive care unit admittance
Median (range) 0(0-88) 0(0-7) 0(0-88) <0.0012
<2 days 1312 83.9 989 88.5 323 724 <0.001°
>2 days 92 5.9 7 0.6 85 19.1
Unknown 160 10.2 122 10.9 38 8.5

(Continued)
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TABLE 1. (Continued).
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All patients No postoperative complication Postoperative complication
Clinical variables n % n % n % pvalue
Tumor characteristics
Tumor location
Right-sided colon 492 31.5 358 320 134 30.0 <0.001°
Left-sided colon 585 374 466 41.7 119 26.7
Rectum 487 311 294 26.3 193 433
Tumor stage
0-I 349 22.3 259 23.2 90 20.2 0.46°
Il 385 246 282 25.2 103 23.1
11l 575 36.8 402 36.0 173 38.8
\% 86 55 60 54 26 5.8
Unknown 169 10.8 115 10.3 54 121
Differentiation
Well/moderately 1230 78.6 891 79.7 339 76.0 0.06°
Poorly 111 7.1 71 6.4 40 9.0
Unknown 223 14.3 156 14.0 67 15.0
Morphology
Adenocarcinoma 1424 91.0 1013 90.6 411 92.2 0.29°
Mucinous 96 6.1 70 6.3 26 5.8
Signet ring cell/other 12 0.8 11 1.0 1 0.2
Unknown 32 2.0 24 2.1 8 1.8
Treatment characteristics
Surgical resection
Right-sided colectomy 451 28.8 332 29.7 119 26.7 0.001°
Transverse resection 23 1.5 16 14 7 1.6
Left-sided colectomy 119 7.6 88 7.9 31 7.0
Subtotal colectomy 12 0.8 4 0.4 8 1.8
Anterior/sigmoid resection 849 543 614 54.9 235 52.7
Abdominoperineal resection 110 7.0 64 5.7 46 10.3
Approach
Laparoscopic 1183 75.6 856 76.6 322 72.2 0.17°
Open 372 23.8 256 229 116 26.0
Unknown 9 0.6 6 0.5 8 1.8
Conversion 0.14¢
No 1559 99.7 1116 99.8 443 99.3
Yes 5 0.3 2 0.2 3 0.7
Anastomotic procedure
Anastomosis 1128 721 867 775 261 58.5 <0.001°
Defunctioning stoma 250 16.0 140 12.5 110 24.7
End-ileostomy 12 0.8 4 0.4 8 1.8
End-colostomy 159 10.2 97 8.7 62 13.9
Unknown 15 1.0 10 0.9 5 1.1
®Mann Whitney U test.

bPearson x? test.
“Minutes of moderate-to-vigorous activity per week.

dEducational levels were defined as: Elementary school, lower (an equivalent to the Dutch VMBO and MBO), intermediate (an equivalent to the Dutch HAVO and VWO), higher

(an equivalent to the Dutch HBO and university).
¢Fisher exact test, due to expected count less than 5 in at least 20% of the cells.

an association of current smoking with higher postopera-
tive complications (OR, 1.80; 95% CI, 1.08-2.97; p = 0.02),
similar to the result of the entire study population. Other
modifiable lifestyle factors were not associated with post-
operative complications in this analysis.

DISCUSSION

This study is based on prospectively collected data and
describes the association between lifestyle factors and

complications in patients with CRC who underwent elec-
tive surgery. Smoking, ASA class >II, and rectal cancer
were the most important risk factors for postoperative
complications after CRC surgery. In contrast, BMI, alco-
hol consumption, and physical activity were not associated
with postoperative complications in general. In a subgroup
analysis of 200 patients with ASA class III to IV, preop-
erative physical activity of >1000 minutes of moderate-to-
vigorous activity per week resulted in fewer postoperative
complications.
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TABLE 2. Overview of postoperative complications

All patients (n = 1564)

Postoperative complications n %

Surgical® 271 17.3
Severe 168 10.7
Mild 103 6.6

Nonsurgical® 175 11.2
Pulmonary 79 5.1
Cardiac 38 24
Thromboembolic 8 0.5
Infectious 55 35
Neurological 16 1.0
Other 129 8.2

2Surgical postoperative complications were subdivided into mild and severe. A
complication was considered severe in case of a reintervention, anastomotic leak-
age, or mortality. All other surgical complications were classified as mild.
PNonsurgical postoperative complications were subdivided into several categories.

Current smokers had an increased risk of developing
postoperative complications in general (OR, 1.62; 95%
CI, 1.02-2.56), a result similar to previously published
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studies.'****” Smoking results in decreased tissue oxygen-
ation due to the peripheral vasoconstrictive effects of nico-
tine, preference of hemoglobin to bind carbon monoxide
instead of oxygen, and induced platelet aggregation result-
ing in microvascular occlusions. These effects, combined
with reduced transportation of leukocytes to infected areas
due to the impaired blood flow, contribute to the overall
decreased resistance to infections.”® However, whether
smoking is causative, or a marker for other comorbidi-
ties that result from smoking and impact the outcome of
surgery, could not be determined with the available data.
The finding that former smokers do not have an increased
risk of postoperative complications compared with never
smokers differs from a study, also based on questionnaires,
that showed that former smokers also had an increased
postoperative risk.** However, a systematic review con-
cluded that intensive smoking cessation interventions
initiated at least 4 weeks before surgery are potentially
beneficial in reducing the incidence of postoperative com-
plications and can even change smoking behavior in the

TABLE 3. Uni- and multivariable logistic analyses of preoperative risk factors of postoperative complications in general

No complication vs complication pvalue  Multivariable No complication vs complication p value
Clinical variables Total, n Crude OR (95% Cl)* crude analysis, n Adjusted OR (95% CI)® adjusted
Patient characteristics
Age
<70y 1029 1 774 1
270y 535 1.42(1.13-1.78) 0.003 378 1.19 (0.89-1.59) 0.24
Sex
Female 560 1 413 1
Male 1004 1.61(1.27-2.05) <0.001 739 1.19(0.87-1.62) 0.28
BMI (kg/m?)
<20 47 0.75(0.37-1.51) 0.42 35 0.73 (0.30-1.80) 0.49
20-25 563 1 408 1
25-30 674 0.96 (0.75-1.23) 0.72 508 1.21(0.88-1.65) 0.24
>30 280 1.03 (0.76-1.42) 0.84 201 0.98 (0.65-1.48) 0.94
Smoking habits
Never 443 1 352 1
Former smoker 769 1.09 (0.84-1.42) 0.53 676 0.88 (0.64-1.20) 0.41
Current smoker 157 2.02 (1.37-2.96) <0.001 124 1.62 (1.02-2.56) 0.04
Alcohol units (per week)
<1 411 1 323 1
1-14 659 0.98 (0.74-1.29) 0.88 515 0.86 (0.61-1.20) 0.37
>14 380 1.29 (0.95-1.76) 0.10 314 1.12(0.76-1.64) 0.57
Physical activity (per week)
< 150 min 130 1 102 1
150-500 min 414 0.97 (0.64-1.49) 0.90 354 1.07 (0.65-1.77) 0.79
500-1000 min 396 0.79 (0.51-1.22) 0.29 333 0.85 (0.51-1.42) 0.53
>1000 min 438 0.80 (0.52-1.23) 0.31 363 0.88 (0.52-1.46) 0.61
ASA classification
| 454 1 345 1
I 910 1.69 (1.29-2.22) <0.001 683 1.46 (1.05-2.04) 0.03
-1v 200 3.42(2.38-4.92) <0.001 124 3.17 (1.96-5.12) <0.001
Tumor characteristics
Tumor location
Right-sided colon 492 1 358 1
Left-sided colon 585 0.68 (0.51-0.91) 0.01 431 0.65 (0.45-0.93) 0.02
Rectum 487 1.75(1.34-2.30) <0.001 363 1.81(1.28-2.55) 0.001

2Calculated by using univariable logistic regression analysis.

PMultiple logistic regression with backwards elimination of all preoperative variables. Adjusted for the variables shown in the table and tumor differentiation.
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long term.*® Because almost one-fifth (17%) of the total
Dutch population is classified as daily smokers, an active
preoperative smoking cessation program should be con-
sidered for patients undergoing CRC surgery.*

Recent studies focusing on BMI have found that
underweight patients are more likely to have postoperative
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complications after CRC surgery than patients with nor-
mal weight.’'*> Remarkably, this was not observed in the
present study population and could be explained by the
low numbers of patients with underweight (3.0% had a
BMI <20) in a relatively healthy study population (87.2%
were classified as ASA I-II). This might be explained by

TABLE 4. Population characteristics at diagnosis in a subgroup analysis with 200 patients with ASA class lll and IV

All patients No postoperative complication Postoperative complication
Clinical variables n % n % n % p value
Total 200 100 109 54.5 91 455
Patient characteristics
Age
Median (range) 70.4 (45-92) 71.3(53-92) 70.0 (45-90) 0.43°
<70y 89 44.5 45 41.3 44 48.4 0.32°
270y 111 555 64 58.7 47 51.6
Sex
Male 150 75.0 82 75.2 68 74.7 0.94°
Female 50 25.0 27 24.8 23 253
BMI (kg/m?)
Median (range) 26.0 (15.9-49.5) 26.6 (15.9-48.2) 26.8 (18.1-49.5) 0.952
<20 5 34.5 1 0.9 4 4.4 0.42¢
20-25 69 2.5 37 339 32 35.2
25-30 75 375 44 40.4 31 34.1
>30 51 255 27 24.8 24 264
Smoking habits
Never 42 21.0 22 20.2 20 220 0.08°
Former smoker 94 47.0 58 53.2 36 39.6
Current smoker 23 1.5 9 8.3 14 15.4
Unknown 41 20.5 20 18.3 21 231
Alcohol units (per week)
Median (range) 3.79 (0-60.6) 4.09 (0-60.6) 3.46 (0-42.2) 0.68°
<1 63 31.5 36 33.0 27 29.7 0.47°
1-14 66 33.0 40 36.7 26 28.6
>14 45 225 22 20.2 23 253
Unknown 26 13.0 11 10.1 15 16.5
Physical activity (per week)?
Median (range) 540.0 (0-2970) 709.2 (0-2970) 495.0 (0-2310) 0.13°
<150 min 30 15.0 15 13.8 15 16.5 0.21°
150-500 min 45 225 24 220 21 231
500-1000 min 46 23.0 22 20.2 24 264
>1000min 39 19.5 27 24.8 12 13.2
Unknown 40 20.0 21 19.3 19 209
Education®
Elementary 16 8.0 10 9.2 6 6.6 0.69°
Lower 96 48.0 56 514 40 44.0
Intermediate 13 6.5 7 6.4 6 6.6
Higher 47 235 23 211 24 264
Unknown 28 14.0 13 11.9 15 16.5
Hospital stay
Median (range) 7.0 (2-93) 5.0 (2-16) 12.50 (3-93) <0.0012
<14 days 152 76.0 104 954 48 52.7 <0.001°
>14 days 46 23.0 4 3.7 42 46.2
Unknown 2 1.0 1 0.9 1 1.1
Intensive care unit admittance
Median (range) 0 (0-88) 0 (0-4) 0 (0-88) <0.001°
<2 days 156 78.0 95 87.2 61 67.0 <0.001®
>2 days 30 15.0 3 2.8 27 29.7
Unknown 14 7.0 11 10.1 3 33

(Continued)
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TABLE 4. (Continued).
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All patients No postoperative complication Postoperative complication
Clinical variables n % n % n % p value
Tumor characteristics
Tumor Location
Right-sided colon 71 355 39 358 32 35.2 0.26°
Left-sided colon 67 335 41 37.6 26 28.6
Rectum 62 31.0 29 26.6 33 36.3
Tumor stage
0-1 38 19.0 23 211 15 16.5 0.76°
Il 56 28.0 29 26.6 27 29.7
11l 62 31.0 32 294 30 33.0
I\ 13 6.5 8 7.3 5 5.5
Unknown 31 15.5 17 15.6 14 15.4
Differentiation
Well/moderately 147 735 83 76.1 64 703 0.02°
Poorly 18 9.0 5 4.6 13 14.3
Unknown 35 17.5 21 19.3 14 15.4
Morphology
Adenocarcinoma 178 89.0 96 88.1 82 90.1 0.93°
Mucinous 20 10.0 11 10.1 9 9.9
Unknown 2 1.0 2 1.8 0 0.0
Treatment characteristics
Surgical resection
Right-sided colectomy 61 30.5 32 294 29 47.5 0.31¢
Transverse resection 4 2.0 3 2.8 1 25.0
Left-sided colectomy 18 9.0 14 12.8 4 222
(Sub)total colectomy 2 1.0 1 0.9 1 50.0
Anterior/sigmoid resection 97 48.5 51 46.8 46 47.4
Abdominoperineal resection 18 9.0 8 7.3 10 55.6
Approach
Laparoscopic 146 73.0 78 71.6 68 74.7 0.53°
Open 53 26.5 31 284 22 24.2
Unknown 1 0.5 0 0 1 1.1
Conversion 0.59¢
No 197 98.5 108 99.1 89 97.8
Yes 3 1.5 1 0.9 2 2.2
Anastomotic procedure
Anastomosis 131 65.5 79 725 52 571 0.06¢
Defunctioning stoma 32 16.0 12 11.0 20 22.0
End-ileostomy 4 2.0 1 0.9 3 33
End-colostomy 31 15.5 16 14.7 15 16.5
Unknown 2 1.0 1 0.9 1 1.1

2Mann-Whitney U test.

bPearson x? test.

Fisher exact test, due to expected count less than 5 in at least 20% of the cells.
dMinutes of moderate-to-vigorous activity per week.

Educational levels were defined as: Elementary school, lower (an equivalent to the Dutch VMBO and MBO), intermediate (an equivalent to the Dutch HAVO and VWO), higher

(an equivalent to the Dutch HBO and university).

the fact that only patients who underwent elective sur-
gery were included in the COLON study, which could
have resulted in the exclusion of underweight patients
with more advanced disease and worse clinical conditions.
Because underweight in cancer is often a sign of more
advanced disease, increased postoperative complication
rates after CRC surgery might be a result of the advanced
character of the disease and not of the low BMI itself.’!

In contrast to some earlier findings, we could not
demonstrate a relation between alcohol consumption of
>14 units per week and postoperative complications. In

previous studies, alcohol consumption has been associ-
ated with increased risk of anastomotic leakage. but the
amount of alcohol units per week leading to this increased
risk varied. In 1 study with 2237 patients, >14 units per
week yielded to an increased postoperative complica-
tion risk (OR, 3.7; 95% CI, 1.6-8.3) compared to <14.%
Another study only observed an association when >35
units per week were consumed (relative risk, 7.18; 95% CI,
1.20-43.01) compared with abstainers in a study popula-
tion of 333 patients."* A Danish inquiry (n = 3550) found
an increased risk with >42 units per week (OR, 2.48; 95%
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TABLE 5. Uni- and multivariable logistic analyses of preoperative risk factors of postoperative complications in a subgroup analysis with 200

patients with ASA class lll and IV

No complication vs pvalue  Multivariable No complication vs p value
Clinical variables Total,n  complication Crude OR (95% CI)®  crude analysis, n complication Adjusted OR (95% Cl)° adjusted
Patient characteristics
Age
<70y 89 1 52 1
>70y 111 0.75(0.43-1.32) 0.32 62 0.59 (0.22-1.59) 0.30
Sex
Female 50 1 30 1
Male 150 0.97 (0.51-1.85) 0.94 84 0.51(0.15-1.75) 0.29
BMI
<20 5 4.63 (0.49-43.53) 0.18 3 0.00 (0.00-0)
20-25 69 1 40 1
25-30 75 0.82(0.42-1.58) 0.54 42 0.75 (0.24-2.35) 0.62
>30 51 1.03 (0.50-2.12) 0.94 29 0.33 (0.09-1.25) 0.10
Smoking habits
Never 42 1 30 1
Former smoker 94 0.68 (0.33-1.40) 0.30 69 0.71(0.21-2.41) 0.58
Current smoker 23 1.83 (0.66-5.11) 0.25 15 1.08 (0.20-5.91) 0.93
Alcohol units per week
<1 63 1 42 1
1-14 66 0.87 (0.43-1.75) 0.69 44 0.71(0.21-2.35) 0.57
>14 45 1.39(0.65-3.01) 0.40 28 1.50 (0.34-6.66) 0.59
Physical activity (per week)
<150 min 30 1 23 1
150-500 min 45 0.88 (0.35-2.21) 0.78 33 0.31(0.07-1.39) 0.13
500-1000 min 46 1.09 (0.44-2.74) 0.85 32 0.46 (0.10-2.01) 0.30
>1000 min 39 0.44(0.17-1.19) 0.11 26 0.17 (0.03-0.87) 0.03
Tumor characteristics
Tumor location
Right-sided colon 71 1 44 1
Left-sided colon 67 0.77 (0.39-1.52) 0.46 33 1.66 (0.07-41.60) 0.76
Rectum 62 1.39(0.70-2.75) 0.35 37 0.72 (0.02-23.62) 0.85

2Calculated by using univariable logistic regression analysis.

PMultiple logistic regression with backwards elimination of all preoperative variables. Adjusted for the variables shown in the table, education, tumor differentiation, stage,

morphology, surgical resection, and anastomotic procedure.

CI, 1.07-5.77) compared to <42 units.?® In our cohort, rel-
atively few patients had an alcohol intake of >14 units per
week (n = 380) and therefore we were unable to stratify
alcohol consumption into additional groups with increas-
ing units per week. Similarly, patients with severe obesity
were not common in our population (n = 280) and, to
maintain sufficient group sizes, it was not possible to fur-
ther subdivide patients with a BMI >30.

Our observation that physical activity has a rela-
tion with postoperative complications in patients with
ASA class III to IV CRC is in line with other studies.?®***
This relation was not present for all patients in the pres-
ent study, which could again be because most patients in
our study were in a relatively good clinical condition with
already appropriate physical activity. Some studies have
shown that physical activity below average is significantly
associated with increased risk of postoperative complica-
tions in general,?*** whereas Heldens et al*® reported that
increased physical activity resulted in fewer postoperative
complications in a population of 75 patients with CRC. On
the other hand, a recent randomized study by Carli et al®

in elderly patients with CRC did not show an effect with
a prehabilitation program that consists of active physical
activity. Because physical activity of >1000 min/wk results
in approximately 2.5 hours of activity per day, feasibility
should be considered before advising young and elderly
patients. Further research evaluating the association of
increased physical activity with postoperative complica-
tions in patients with CRC needs to be established in future
trials.

The present study has several strengths. First, long-
term, prospectively collected data in a large population
of patients with CRC were analyzed. Second, the exten-
sive questionnaires used in the COLON study provided
the opportunity to adjust for many covariates that could
potentially confound our associations. Another impor-
tant strength of this study is the focus on multiple lifestyle
factors at the same time, because many studies only focus
on 1 variable. However, the current study also has some
limitations that need to be considered when interpreting
the results. First, the preoperative data provided by the
COLON study are based on questionnaires. Therefore,
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exposure to cigarettes and alcohol consumption was self-
reported and thus subject to possible understated report-
ing and misclassification. Second, because of the relatively
small number of patients with complications, subgroup
analysis was not possible for only surgical complications
or specific complications such as anastomotic leakage.
Third, 87.2% of all included patients were classified as ASA
class I to II. Because the COLON study is a longitudinal
study with multiple questionnaires at several moments in
time,"” it is reasonable to assume that healthier patients
were more likely to join the study, whereas patients in
worse condition could have preferred fewer commit-
ments. Fourth, because several end points, such as length
of hospital stay and quality of life, were not included in the
present analysis, the studied modifiable risk factors could
be associated with these end points.

Because the occurrence of postoperative complica-
tions appears to be related to modifiable preoperative
lifestyle factors, the introduction of a (multimodal) pre-
habilitation program may result in fewer postoperative
complications. Several studies have been performed inves-
tigating the effects of such programs. However, the results
are contradicting. In a recent systematic review it was
concluded that prehabilitation consisting of inspiratory
muscle training, aerobic exercise, and resistance train-
ing appears to decrease the incidence of all postoperative
complications in patients undergoing intra-abdominal
operations.*® However, in another systematic review, the
positive effects on patient’s fitness were acknowledged, but
no evidence of impact on postoperative clinical outcomes
after elective abdominal surgery was shown.”” Although
the present study did not measure the impact of lifestyle
interventions, the results provide insight into which pre-
operative modifiable factors could be important factors in
prehabilitation programs. Our results suggest that influ-
encing preoperative modifiable lifestyle factors other than
current smoking does not reduce postoperative com-
plications in a general population of patients with CRC.
Therefore, prehabilitation programs might not be benefi-
cial for all patients with CRC,® but prehabilitation focused
on increasing physical activity for patients with ASA class
III to IV could be beneficial in decreasing postoperative
complications after CRC surgery.®

CONCLUSION

This study of 1564 patients with CRC shows that current
smoking is a significant risk factor for complications after
elective CRC surgery. Subgroup analyses of 200 patients
with ASA class III to IV found that over 1000 minutes of
moderate-to-vigorous physical activity per week decreases
the chance of developing postoperative complications.
To establish other possible associations between pre-
operative modifiable lifestyle factors and postoperative

LoOGMAN ET AL: LIFESTYLE AND THE OUTCOME OF CRC SURGERY

complications in patients with ASA class III to IV after
CRC surgery, additional research in a large population is
required.
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