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Introduction: There is a growing interest in physical activity in relation to recovery after surgery. One
important aspect of measuring recovery after surgical procedures is postoperative complications. The
aim of this study was to determine if there is an association between the preoperative level of habitual
physical activity and postoperative complications in patients undergoing elective surgery for colorectal
cancer.
Materials and methods: 115 patients scheduled for elective surgery due to colorectal cancer between
February 2014 and September 2015 answered a questionnaire regarding physical activity and other
baseline variables. Physical activity was assessed using the Saltin-Grimby physical activity level scale.
Complications within 30 days after surgery were classified according to Clavien-Dindo, and the
Comprehensive Complications Index (CCI) was calculated. Primary outcome was difference in CCI and
key secondary outcome was risk for CCI >20.
Results: Physically inactive individuals had a CCI that was 12 points higher than individuals with light
activity (p=0.002) and 17 points higher than regularly active individuals (p =0.0004). Inactive in-
dividuals had a relative risk for a CCI >20 that was 65% higher than for individuals reporting light activity
(95% confidence interval (CI) for relative risk (RR) = 1.1-2.5) and 338% higher than for regularly active
individuals (95% CI for RR =2.1-9.4).
Conclusion: Self-assessed level of habitual physical activity before colorectal cancer surgery was asso-
ciated with fewer postoperative complications measured with CCI, in a dose-response relationship.

© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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Introduction

In order to enhance recovery and minimise complications after

Abbreviations: ASA, American Society of Anesthesiologists; AUDIT, Alcohol use major surgery, several interventions for the benefit of both patient

disorders identification test; BMI, Body mass index; CCI, Comprehensive compli-
cations index; CI, Confidence interval; ERAS, Enhanced recovery after surgery; RR,
Relative risk; TNM, Tumour, node, metastasis.
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and society have been suggested and implemented to various
extents. Enhanced Recovery After Surgery (ERAS) offers a stand-
ardised, evidence-based protocol including the implementation of
more than 20 items before, during and after surgery [1,2].
Adherence to this protocol has been reported to reduce both the
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length of hospital stay and postoperative morbidity [3—5]. Ac-
cording to current ERAS recommendations there is not enough
evidence for recommending physical activity before colon or
rectal surgery [1,2].

There is a growing body of evidence that preoperative lifestyle
interventions may improve postoperative recovery. Smoking
cessation and advice regarding reduction of alcohol consumption
before surgery are part of standard preoperative routines, with the
intention of decreasing the risk for complications [1,2,6,7]. Several
studies have been performed to assess the effect of preoperative
physical activity interventions (prehabilitation) before colorectal
cancer surgery [8—10], with two recently published studies
showing promising results on postoperative complications in risk
patients [9,10]. Given the fact that cancer treatment must be
performed in a timely manner, and many countries have intro-
duced standardised waiting targets for cancer surgery, there is a
potential conflict between these and preoperative optimisation
[11]. In a recent systematic review, Hangaard Hansen et al. found
no evidence for an association between delayed treatment and
overall survival after colon cancer [12]. Due to the conflict be-
tween the ambition to shorten lead times to surgery, and the time
it takes to achieve a meaningful optimisation of the patient by
prehabilitation, it would be of interest to know the association
between habitual physical activity and postoperative complica-
tions after colorectal cancer surgery. We have previously per-
formed four observational cohort studies with the aim to assess
the association between habitual physical activity and the recov-
ery after four different types of surgery, including colorectal
cancer surgery [13—16].

With the aim to examine the relationship between self-assessed
habitual physical activity and postoperative complications, we have
performed additional data collection for the previously published
cohort of colorectal cancer patients [15].

Methods

Patients undergoing elective colorectal cancer surgery at one
university hospital and one regional hospital, situated in Region
Vastra Gotaland, Sweden, were asked to participate in the study.
The time of inclusion was February 2014 to September 2015.
Exclusion criteria were lack of informed consent, difficulties to
communicate due to language barriers and postponed or cancelled
surgery. The methods have been described in detail before [15].

Baseline demographic variables

Participating patients answered a preoperative questionnaire
containing questions on demographics, including age, body mass
index (BMI), alcohol consumption, smoking habits, and comor-
bidities (diabetes mellitus, hypertension and/or hyperlipidaemia).
The timing of inclusion in the study was at the preoperative visit,
which usually took place around 1 week preoperatively during the
inclusion period. Smoking habits were measured with one single
question, and the answers were dichotomised into non-smoker or
current smoker. Alcohol consumption was evaluated with a modi-
fied AUDIT-C scale adopted from Steineck et al. [14,15,17]. The
answer to each question resulted in a score, and the combined score
from all three questions was used to define risk drinking, with a
value of at least 3 or 4 points for women and men, respectively.
Depression was assessed by one question with the possible answers
“yes”, “no” and “I don't know” [18]. Information on physical status
and tumour stage were retrieved from the patients' medical charts.
The physical status of each patient was classified according to the
American Society of Anesthesiologists (ASA) Physical status classi-
fications [19], and this was dichotomised into ASA 1-2 or 3—4 in

our analyses. Tumour stage was classified in accordance with the
American Joint Committee on Cancer TNM system [20]. In our an-
alyses, stage was categorised into three groups: adenoma/stage
0—2, stage 3, or stage 4.

Assessment of habitual physical activity

The patients’ level of habitual physical activity was assessed
using the self-reported four-level Saltin-Grimby Physical Activity
Level Scale [21]: This scale has been used in more than 500 000
patients in clinical studies [22] and it has been shown to correlate
to objective measures of activity, cardiovascular risk factors,
morbidity and mortality [23—25]. The patient assessed his/her level
of habitual physical activity by answering the following question:
“How much do you move and exert yourself physically during lei-
sure time on average?” The answering categories were in four
levels, as follows:

1. Physically inactive: Being almost completely inactive, reading,
watching television, watching movies, using computers or doing
other sedentary activities during leisure-time.

2. Some light physical activity: Being physically active for at least
4 h per week i.e. riding a bicycle or walking to work, walking
with the family, gardening, fishing, table tennis, bowling etc.

3. Regular physical activity and training: Spending time on heavy
gardening, running, swimming, playing tennis, badminton,
calisthenics and similar activities, for at least 2—3 h per week.

4. Regular hard physical training for competition sports: Spending
time in running, orienteering, skiing, swimming, soccer, Euro-
pean handball etc. several times per week.

The patients who assessed themselves as performing regular
hard physical training in group 4 were merged with patients who
assessed themselves as belonging to group 3 in the analyses.

Postoperative complications

Information regarding complications within 30 days of surgery
was retrieved from the medical charts. The postoperative compli-
cations were classified according to the Clavien-Dindo system
[26,27], and a Comprehensive Complication Index (CCI) was
calculated [28,29]. The CCI is an expansion of the Clavien-Dindo
classification and considers not only the severity of a single
complication, but incorporates all postoperative complications,
including their relative severity [29]. The index is a linear scale
ranging from 0 (no complication) to 100 (death). CCI above 20 has
been used as a cut-off between no or minor complications, and
clinically relevant complications [30], hence we used this cut-off
point in one of our analyses to dichotomise the outcome into two
groups. The definitions of types of complications (see below) were
determined beforehand. Regarding nausea, this was defined as
postoperative vomiting. Pain was defined as receiving pain-
relieving drugs on more than 4 occasions during 24 h, in addition
to the basic pain relief planned before surgery.

Our outcome measures were (all
postoperatively):

within 30 days

e The primary outcome measure was defined as difference in CCI,
measured as a continuous variable. Interaction effect with age
was analysed.

¢ The key secondary outcome measure was a postoperative period
with clinically significant complications, defined as CCI >20.

e Other secondary outcome measures were:
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- Occurrence of the following types of complications: Infections,
fistula/leakage, bleeding, nausea, cardiopulmonary complica-
tions, pain, allergic reactions, other complications.

- Total number of complications.

- Complications with a Clavien-Dindo grade > Illa.

Statistics

The sample size was estimated for the previously reported pri-
mary outcome, recovery after surgery [15]. All analyses performed
for this additional data collection were prespecified in a statistical
analysis plan. The analysis for the primary outcome measure con-
sisted of a multiple regression model comparing the preoperative
level of physical activity, measured with Saltin-Grimby Physical
Activity Levels Scale, and the burden of postoperative complica-
tions, measured with CCL In addition to habitual level of physical
activity, variables that could potentially influence the risk for
postoperative complications were prespecified. These were alcohol
consumption, smoking, age, sex, marital status, depression, surgical
technique (open or laparoscopic), tumour site (colon/rectum), use
of preoperative radiotherapy, ASA classification, and tumour stage.
The recommendation of Bursac [31] was used. The first step was
bivariate analysis removing covariates with a p-value above 0.25.
The second test was a multiple model with the remaining cova-
riates. In this step we removed the co-variates which had a p-value
above 0.10, but not those defined as confounders, i.e. changing the
estimates more than 15%. In the third and final step we refitted the
multiple model, adding the previously abolished covariates step-
wise, keeping those with a p-value <0.15. We also analysed the
interaction effect between level of physical activity and age in the
final model.

The model-building procedure was reproduced using the
dichotomised variable of CCI, where CCI was dichotomised into >20
or <20.

We performed Poisson-Regression for associations between
level of physical activity and total number of complications, com-
plications > grade Illa (yes/no), and for each category of complica-
tion (infection, cardiopulmonary, etc., defined as yes/no).

Ethical permission

Permission to conduct the study was obtained from the Regional
Ethics Board in Gothenburg, Dnr 180-12. An additional permission
was obtained for data collection of postoperative complications,
Dnr T815-16. The protocol was registered at Clinicaltrials.gov
NCT01707121.

Results

The flow chart for participants in this study is shown in Fig. 1.
Baseline characteristics of the patients are seen in Table 1. Two
thirds of the patients assessed themselves as lightly physically
active during leisure time (level 2/4). A higher proportion of pa-
tients who were inactive were found to have pre-existing cardio-
vascular comorbidity (61%) compared to their peers with light
activity (49%) and regular activity (35%). Eight percent of the pa-
tients were found to have no cancer in the pathological examina-
tion after surgery, only various types of adenoma. Since they had
undergone colorectal surgery due to suspected cancer, and the final
diagnosis given around 30 days postoperatively, i.e. after the time
frame for postoperative complications in this study, they were
included in the final analyses.

Seventy percent of all patients were found to have at least one
postoperative complication, with 60% registered for grade I-II

Patients screened for eligibility, D‘?C."”"?g
_ participation,
n=129
n=8
Y

Excluded due to

cancelled or
Initially included in study, _ postponed surgery,
n=121 = or inability to

retrieve informed
consent, n=6

Did not answer
question regarding

Included in statistical : i
analyses, n=115 physical activity,

n=4

Patients with available data
for analysis of
postoperative

complications, n=111

Fig. 1. Flow chart for inclusion of participants.

complications and ten percent registered for grade III-V complica-
tions (Table 2). Forty-six percent of all patients had a CCI>20.

For our primary outcome measure, CCI as a continuous variable,
we found that there was a significantly higher CCI for those who
were physically inactive than those who were lightly or regularly
active (Table 3). This difference increased with increased level of
physical activity, with the largest difference between inactive and
lightly active participants. There was no significant interaction
between level of physical activity and age in the final model.
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Table 1
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Descriptive characteristics of patients divided into level of physical activity according to Saltin-Grimby physical activity level scale.

Level of physical activity

Inactive (1), n=18 Light activity (2), n=76 Regular activity (3—4), n=17 Total, n=111

Age, median years (IQR) 74.5 (15) 71 (11) 67 (20)
Sex, n (%)

Female 9 (50) 37 (49) 4 (24) 50 (45)
Marital status, n (%)

Married/cohabiting/live-apart 15 (83) 52 (68) 15 (88) 86 (77)

Not reported 2(2.6) 2(1.8)
Body Mass Index, median (IQR) 26.4 (9) 253 (4) 24.8 (8)
Diabetes mellitus®, n (%)

Yes 5(28) 7(9) 2(12) 14 (13)
Hypertension®, n (%)

Yes 8 (44) 28 (37) 5(29) 41 (37)
Hyperlipidaemia®, n (%)

Yes 3(17) 9(12) 4 (24) 16 (14)
ASA level’, n (%)

1 0(0) 18 (24) 6 (35) 24 (22)

2 15(83) 50 (66) 10 (59) 75 (68)

3 3(17) 8(11) 1(6) 12 (11)
Smoking®, n (%)

Smoker 3(17) 5(7) 8(7)
Alcohol intake€, n (%)

Risk drinking 6(33) 8(11) 4 (24) 18 (16)
Depression, n (%)

Yes 1(6) 4 (5) 4(24) 9(8)

Not reported 4 (5) 1(6) 6(5)
Cancer site, n (%)

Colon 13 (72) 34 (45) 9 (53) 56 (51)

Rectum 5(28) 42 (55) 8 (47) 55 (50)
Laparoscopy/Laparotomy, n (%)

Laparoscopy 8 (44) 29 (38) 11 (65) 48 (43)

Laparotomy 10 (56) 47 (62) 6(35) 63 (57)
Type of surgery, n (%)

Right hemicolectomy/Resection of sigmoid colon 10 (56) 23 (30) 7 (41) 40 (36)

Excision of rectum 3(17) 20 (26) 4 (24) 27 (24)

Left hemicolectomy/Total colectomy/Partial proctectomy 5(28) 30 (40) 6(35) 41 (37)

Other 3(4) 3(3)
Stage®, n (%)

Adenoma (no cancer) 1(6) 6(8) 2(12) 9(8)

0 0(0) 2(3) 0(0) 2(2)

I 5(28) 16 (21) 6 (35) 27 (24)

Il 7 (39) 18 (24) 5(29) 30 (27)

11 4(22) 26 (34) 1(6) 31(28)

v 1(6) 8(11) 3(18) 12 (11)
Preop radiotherapy, n (%)

Yes 4(22) 27 (36) 6 (35) 37 (33)

IQR=Interquartile range.
As reported by patient.
Defined as all forms of current smoking.

According to the American Society of Anesthesiologists (ASA) Physical status classifications.

a
b
¢ For definition, see “methods”.
d
e

Stage according to the American Joint Committee on Cancer (AJCC) TNM system.

The key secondary outcome measure, risk for CCI>20, showed a
similar pattern (Table 3), with a 60% increased risk for inactive
patients compared to their lightly active peers, and a 4.4 times
higher relative risk for clinically relevant postoperative complica-
tions in the inactive patients, compared to the regularly active
patients. The other secondary outcome measures, types of com-
plications, grade of highest complications and total number of
complications (Table 2), showed no statistically significant differ-
ences (data not shown).

Discussion

In this prospective observational cohort study, we found that
the self-assessed preoperative level of habitual physical activity
predicted the risk for complications after colorectal cancer surgery.

In a recent systematic review of cancer surgery, there was no

significant association between level of physical activity and post-
operative complications [32]. In this review, postoperative com-
plications were classified as existing or not, or according to Clavien-
Dindo. To our knowledge, we present the first study to assess the
association between preoperative level of physical activity and
postoperative complications measured with the comprehensive
complications index, based on the Clavien-Dindo classification. This
is considered a more sensitive measure than using the Clavien-
Dindo classification itself [33], and may in part explain why we
found a significant association between physical activity and
postoperative complications, which was not found in the review.
Regarding the types of complications in our study, there seemed
to be no difference regarding the frequency of postoperative nausea
or pain. As for infections and other more serious complications, our
observation needs to be corroborated in adequately sized studies.
Interestingly, the reduction in postoperative complications
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Table 2
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Frequency of postoperative complications in absolute numbers, divided into level of physical activity according to Saltin-Grimby physical activity level scale.

Level of physical activity

Inactive (1) Light activity (2) Regular activity (3—4) Total
Patients, n (%) 18 (16) 76 (66) 17 (15) 111 (4 missing)
Any complication, n (%)
Yes 14 (78) 52 (68) 12 (71) 78 (70)
Number of postoperative complications, n (%)
0 4(22) 24 (32) 5(29) 33 (30)
1 5(28) 17 (22) 8 (47) 30 (27)
2 3(17) 23 (30) 2(12) 28 (25)
3 3(17) 11 (14) 1(6) 15 (14)
>4 3(17) 1(1) 1(6) 5(5)
Grade of highest complication®, n (%)
No complication 4(22) 24 (32) 5(29) 33 (30)
I 2(11) 17 (22) 8 (47) 27 (24)
Il 8 (44) 30 (39) 2(12) 40 (36)
Illa 1(6) 3(4) 0(0) 4(4)
1lIb 2(11) 2(3) 2(12) 6 (5)
\Y 1(6) 0(0) 0(0) 1(1)
Comprehensive Complications Index (CCI), median (IQR) 21.8 (34) 12.2 (23) 8.7 (17) 12.2 (23)
CCI > 20, n (%)
Yes 12 (67) 35 (46) 4(24) 51 (46)
Types of complication, n (%)
Infection 6 (33) 13 (17) 2(12) 21 (19)
Fistula/leakage 1(6) 1(1) 0(0) 2(2)
Bleeding 2 (11) 2(3) 0(0) 4(4)
Nausea 9 (50) 35 (46) 7 (41) 51 (46)
Cardiopulmonary 2(11) 5(7) 1(6) 8(7)
Pain 7 (39) 27 (36) 6 (35) 40 (36)
Allergic reaction 0(0) 3(4) 0(0) 3(3)
Other 4(22) 13(17) 2(12) 19 (17)

IQR=Interquartile range.
2 According to Clavien-Dindo Classification.

Table 3
Unadjusted and adjusted analyses for primary and key secondary analyses of postoperative complications, with physical activity according to Saltin-Grimby physical activity
level scale.
Modelled Model Comparison Difference 95% confidence interval p-value
CCI, continuous variable Unadjusted Inactive vs light activity 9.9 1.9-17.9 0.015
Inactive vs regular activity 11.0 0.7-21.3 0.036
Light vs regular activity 1.1 -7.1-93 0.79
Adjusted® Inactive vs light activity 11.7 4.3-19.1 0.0019
Inactive vs regular activity 173 7.8—26.8 0.0004
Light vs regular activity 5.5 —-24-135 0.17
Relative risk
Risk for CCI > 20 Unadjusted Inactive vs light activity 1.45 0.96-2.18 0.075
Inactive vs regular activity 2.83 1.13-7.09 0.026
Light vs regular activity 1.96 0.80—4.77 0.14
Adjusted” Inactive vs light activity 1.65 1.09-2.51 0.018
Inactive vs regular activity 438 2.05-9.36 0.0001
Light vs regular activity 2.65 1.30-5.39 0.0072

A positive difference indicates that the CCl is higher for participants with a lower level of physical activity, compared to participants with a higher level of physical activity. A
relative risk >1 indicates that participants with lower level of physical activity has a higher risk for CCI>20 than participants with higher level of physical activity.

CCI = comprehensive complications index.

@ Covariates included in the final model are sex, depression, tumour site, neoadjuvant radiotherapy, tumour stage, and alcohol consumption.
b Covariates included in the final model are depression, tumour site, neoadjuvant radiotherapy, tumour stage, and alcohol consumption.

reported in a recent randomised controlled trial was in part
explained by a reduction in infectious complications [9]. When it
comes to comparing the effect of habitual physical activity to the
effect from prehabilitation trials, this is unfortunately hard to do
due to several reasons. One is differences in classification on
postoperative complications. Barberan-Garcia et al. reported an
impressive 50% reduction in the overall risk for postoperative
complications after six weeks of prehabilitation [9]. When
comparing the absolute numbers between their results and our
observational study, it is obvious that we found significantly higher
levels of nausea (46%) and pain (36%) due to strict definitions of

these complications, while Barberan-Garcia reported 10% nausea in
the control group and do not report any pain complications. This
stresses the importance of using defined criteria for what is
considered a complication within the same study, whether the
absolute level for e.g. nausea is 46% or 10% in the end. Barberan-
Garcia also did not use the more sensitive CCI, which makes it
hard to compare the results, in addition to the patient cohort in our
study reflecting the general population undergoing colorectal
cancer surgery in Sweden, while the patients in Barcelona belonged
to a selected high-risk population with significantly higher ASA
index, higher prevalence of smoking and higher general risk for
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serious postoperative complications. These differences will prob-
ably also make it hard to perform future direct comparisons be-
tween prehabilitation schemes of different durations and intensity,
if there is no consensus on how to classify and report postoperative
complications between trials. The results from our study may
further highlight the need for more prehabilitation trials to
corroborate the promising results from Barberan-Garcia et al.

The prospective design of this study is a strength, as is the use of
the Saltin-Grimby physical activity level scale, a validated instru-
ment for measuring the baseline level of physical activity [21]. This
instrument is also easy to use and implement in routine health care.
Postoperative complications were graded in a standardised way,
using Clavien-Dindo [27], the only established instrument for
classifying complications after surgery. To further improve the
sensitivity, the comprehensive complications index (CCI) was used
[29].

A limitation of this study is that complications were not one of
the original outcomes, thus these results should be regarded as
exploratory. There were also few observations for some of the pa-
rameters included in the model, e.g. depression, and the results
from the adjusted models should therefore be interpreted with
caution. On the other hand, the results in the crude and adjusted
models indicate similar effects. Another limitation is the observa-
tional design, which always makes it hard to claim causality. Ideally,
a prospective registration of complications should have been used.
Using medical charts for registration of complications might be
considered a limitation. However, the classification was performed
by an independent reviewer, which possibly resulted in less risk for
bias.

Several lifestyle factors are associated, which makes it harder to
statistically determine the individual effect of each of them. Simi-
larly, comorbidity, e.g. hypertension and diabetes mellitus, could be
a possible mediator for the effect of physical activity on post-
operative complications. Hence, we did not adjust for such co-
morbidity in our multiple regression.

Our study adds to the existing, limited knowledge of long-term
habitual physical activity and the risk for postoperative complica-
tions after colorectal cancer surgery. The use of the Saltin-Grimby
single-item physical activity questionnaire may be clinically used
to predict the risk for postoperative complications.

There have been recent reports of positive effects from in-
terventions with physical activity before colorectal cancer surgery
[9]. To explore causal mechanisms, and the role for an intervention
with physical activity after a colorectal cancer diagnosis, rando-
mised controlled trials are needed.

Conclusion

Self-assessed preoperative level of habitual physical activity was
associated with the risk for complications after colorectal cancer
surgery. Thus, self-assessment of physical activity is a simple tool
that may be used in clinical practice for prediction of postoperative
complications.
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