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C L I N I C A L R E S E A R C H A R T I C L E

Interval Walking Improves Glycemic Control and Body
Composition After Cancer Treatment: A Randomized
Controlled Trial
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Context: Patients with colorectal cancer have increased risk of metabolic diseases including di-
abetes. Exercise training may counteract metabolic dysregulation, but the impact of exercise
training on glycemic control, including postprandial glycemia, has never been explored in patients
with colorectal cancer.

Objective: To examine the effects of home-based interval walking on aerobic and metabolic fitness
and quality of life in patients with colorectal cancer.

Design: Randomized controlled trial.

Setting: Clinical research center.

Participants: Thirty-nine sedentary (,150 minutes moderate-intensity exercise per week) patients
with stage I to III colorectal cancer who had completed primary treatment.

Intervention: Home-based interval walking 150 min/wk or usual care for 12 weeks.

Main OutcomeMeasures: Changes from baseline to week 12 in maximum oxygen uptake (VO2peak)
by cardiopulmonary exercise test, glycemic control by oral glucose tolerance test (OGTT), body
composition by dual-energy x-ray absorptiometry scan, blood biochemistry, and quality of life.

Results: Compared with control, interval walking had no effect on VO2peak [mean between-group
difference: 20.32 mL O2 $ kg21 $ min21 (22.09 to 1.45); P 5 0.721] but significantly improved
postprandial glycemic control with lower glucose OGTT area under the curve [2126 mM $ min
(2219 to 233); P 5 0.009], 2-hour glucose concentration [21.1 mM (22.2 to 0.0); P 5 0.056], and
improved Matsuda index [1.94 (0.34; 3.54); P 5 0.01]. Also, interval walking counteracted an
increase in fat mass in the control group [21.47 kg (22.74 to 20.19); P 5 0.025].

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in USA
Copyright © 2019 Endocrine Society
Received 12 March 2019. Accepted 5 April 2019.
First Published Online 11 April 2019

Abbreviations: AUC, area under the curve; CCS, colorectal cancer subscale; CON, control;
CRC, colorectal cancer; DXA, dual-energy x-ray absorptiometry; EWB, emotional well-
being; FACT-C, Functional Assessment of Cancer Treatment-colorectal; FACT-G, Func-
tional Assessment of Cancer Treatment-general; FWB, functional well-being; HOMA-IR,
homeostatic model assessment of insulin resistance; IWALK, interval-walking; OGTT, oral
glucose tolerance test; PWB, physical well-being; SWB, social well-being; VO2peak,
maximum oxygen uptake.
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Conclusion:Ahome-based interval-walking program led to substantial improvements in postprandial
glycemic control and counteracted fat gain in posttreatment patients with colorectal cancer, possibly
providing an effective strategy for prevention of secondary metabolic diseases. (J Clin Endocrinol
Metab 104: 3701–3712, 2019)

Colorectal cancer (CRC) is part of the diseasome of
physical inactivity linking abdominal adiposity and

low-grade inflammation to the co-occurring risk of
metabolic and cardiovascular diseases, several cancers,
and neurocognitive impairments (1). Accordingly, it is
well established that individuals with type 2 diabetes
have an ;30% increased risk of CRC (2) and that these
conditions negatively influence CRC prognoses (3).
Moreover, new findings suggest that patients with CRC
without pre-existing metabolic conditions may have in-
creased risk of developing metabolic diseases and type 2
diabetes following their anticancer treatment. A recent
observational study compared the risk of onset of di-
abetes in patients with CRC with age- and sex-matched
control subjects and found that patients with CRC had
;50% increased risk of being diagnosed with secondary
diabetes within the first year of their diagnoses and
maintained a 19% increased risk up to 5 years after
diagnosis (4). Given the continued advances in early
detection, diagnostic precision, and more effective anti-
cancer therapies, CRC prognosis is steadily improving,
with current 5-year relative survival rates ranging be-
tween 70% and 90% in nonmetastatic patients (5),
creating much warranted attention toward secondary
prevention of metabolic dysregulation after a CRC
diagnosis.

Over the last decade, several clinical trials have been
conducted to explore if physical exercise may effectively
protect against metabolic dysregulation in CRC patients
during and after treatment (6–8). Although some data
support exercise-dependent metabolic improvements,
this has been exclusively examined through changes in
fasting levels of various circulating factors, including
fasting insulin, glucose, and lipids (9–11). However, the
effect of exercise training on glycemic control, including
postprandial glycemia, which is critical in the regulation
of metabolic homeostasis, has never been examined in
patients with CRC. Furthermore, studies in patients with
CRC have reported that structured, hospital-based
exercise-programs struggle with patient recruitment
and program compliance (12, 13), questioning the
clinical application of such programs.

Against this background, we conducted a randomized
controlled trial to explore if a pragmatic 12-week home-
based interval-walking program comprising 3-minute
cycles of alternating fast- and slow-pace walking for a
total of 150 min/wk could improve cardiometabolic

health profile in patients with early stage CRC after
cessation of primary anticancer treatment. In this study,
we present the primary analyses showing the effects of
interval walking on aerobic fitness by cardiopulmonary
exercise test, glycemic control by oral glucose tolerance
test (OGTT), whole-body and regional adiposity by dual-
energy x-ray absorptiometry (DXA) scans, systemic lipid
profile and markers of low-grade inflammation, and
health-related quality of life.

Methods

The I-WALK-CRC study was a prospective, randomized con-
trolled trial conducted at the Centre for Physical Activity Re-
search at Rigshospitalet and was approved by the Committees
of Biomedical Research Ethics of the Capital Region of Den-
mark and registeredwithwww.clinicaltrials.gov (NCT02403024).
The overall design and recruitment results of the trial has been
previously reported (12).

Participants and study visits
Patients with CRC who had completed surgery for local

stage disease (Union for International Cancer Control stage I to
IIa) and patients who had completed surgery and any adjuvant
chemotherapy for locally advanced stage disease (Union for
International Cancer Control stage IIb to III) were eligible for
inclusion. Major exclusion criteria were: age ,18 years; major
surgery scheduled within 24 weeks from inclusion; pregnancy;
other current malignancy; performance status.1; self-reported
physical activity level .150 minutes of moderate intensity per
week; and inability to read and understand Danish.

For baseline and week 12 study visits, participants met at the
laboratory after an 8-hour overnight water-only fast. At
baseline, patients underwent a thorough medical screening by a
study physician. After physician approval to continue, the
participants performed study assessments, including evaluation
of fasting blood biochemistry, OGTT for assessment of gly-
cemic control, body composition, cardiopulmonary exercise
test, and self- reported questionnaires. Week 12 follow-up visits
were conducted by staff members who were blinded for group
allocation.

Randomization and group allocation
A computer-generated list of random group assignments was

created by the trial statistician using a permuted block design
with allocationweight of 1:1 and stored on a password-protected
web server. Following successful baseline assessment, partici-
pants were randomly allocated to either an interval-walking
(IWALK) intervention group or control (CON) group, who
were instructed to maintain their prestudy level of physical ac-
tivity. Allocation was stratified by prior treatment (adjuvant
chemotherapy/no adjuvant chemotherapy), and participants
remained in the same group for the duration of the intervention.
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Intervention group
Participants randomized into the IWALK group were pre-

scribed interval walking for 150 min/wk. It was optional how
the interval-walking exercise was planned and executed over
any given week. On the day of the baseline test, participants
were introduced to the InterWalk smartphone application as a
training device (14, 15). The InterWalk application consists of
two primary functions: an individual adaptation test function
and a training function. The individual adaptation test com-
prises an incremental-walking test of the following steps by
audio instruction: “stand still” for 30 seconds; “walk slow” for
2 min; “walk at medium pace” for 2 min; “walk fast” for 2 min;
and “walk very fast” for 1min. The InterWalk training function
thereafter instructs repeating cycles of 3 minutes slow walking
and 3 minutes fast walking, according to the individual paces
for fast and slow walking, respectively. Participants were
instructed to perform a new individual adaptation test at least
every third week to ensure progression in the program.

If participants preferred not to use the InterWalk application
or had repeated technological problems, they were instructed to
use another device (e.g., another training application or a
stopwatch) for time recording and were merely instructed to
perform alternating cycles of 3 minutes fast pace and slow pace
based on personal preferences.

Adherence
Participants in the IWALK group kept exercise logs for the

duration of every session of interval walking. Total minutes of
interval walking per week for each participant were summed.
For participants using the InterWalk application, data on total
walking time, steps, intensity, and Global Positioning System
coordinates from the InterWalk application were transferred
to a central server and downloaded after the last study visit for
all participants, and minutes of interval walking per week for
each participant were summed.

Control group
Participants randomized into the CON group were

instructed to maintain their prestudy level of physical activity.
After the week 12 follow-up visit, participants in this group
were offered the same interval-walking program for 12 weeks.

Outcome measures
Cardiopulmonary fitness was determined as maximum

oxygen uptake (VO2peak) during a cardiopulmonary exercise
step-by-step incremental test on a stationary bicycle with direct
measurement of oxygen uptake and carbon dioxide excretion
with gas-exchange online measurement equipment (Quark;
COSMED, Rome, Italy). The participants carried out 3 minutes
of warm up by 70Watts followed by a step-by-step incremental
test with workload increasing by 20 Watts every minute until
exhaustion. VO2peak (O2mL $min21 $ kg21) was determined as
the maximum oxygen consumption rate over a 30-second pe-
riod relative to body weight.

Glycemic control was assessed by a 2-hour OGTT. After a
fasting blood sample had been drawn, participants consumed
83 g glucose suspended in 300 mL of water and had blood
samples drawn after 30, 60, 90, and 120 minutes to measure
responses in insulin, glucose, and C-peptide for calculation of
area under the curve (AUC). Moreover, we calculated the
following indices: Matsuda index 5 10,000/square root of

[(fasting glucose 3 fasting insulin) 3 (mean OGTT glucose 3
mean OGTT insulin)] (16); and homeostatic model assessment of
insulin resistance (HOMA-IR) using the equation: HOMA-IR 5
(fasting glucose 3 fasting insulin)/22.5 (17). The insulinogenic
index was used as a measure of b-cell function computed as:
insulinogenic index5 (insulin30min2 insulinfasting)/(glucose30min2
glucosefasting), where insulin30min and glucose30min are the plasma
concentration of insulin and glucose 30 minutes after the glucose
load, respectively (18, 19).

Body composition was evaluated by whole-body DXA
(DPX-IQ Lunar; Lunar Corporation, Madison, WI). Trans-
verse scans at 1-cm intervals were made from head to toe
measuring the absorption of x-ray beams at two different en-
ergy levels absorbed at a different intensity by different
chemical compounds (bone, fat, and fat-free mass) allowing
for valid determination of bone mass, fat mass, fat percentage,
and fat-free (lean) mass.

Blood biochemistry involved blood samples for de-
termination of: (1) lipid concentrations (total, high-density
lipoprotein, and low-density lipoprotein cholesterol and tri-
glycerides), blood glucose, insulin, C-peptide, and hemoglobin
A1c by standard laboratory analyses, (2) plasma leptin byMeso
Scale Discovery’s Human Leptin Kit (Meso Scale Discovery,
Rockville, MD), and (3) cytokine levels (TNF-a and IL-6) by
Meso Scale Discovery’s Human Proinflammation 4-plex Panel
(Meso Scale Discovery). Plasma analyses for leptin and cytokine
levels were performed in duplicates and blinded, according to
the manufacturer’s protocol. Intra-assay coefficient of variation
was ,5%.

Finally, health-related quality of life was evaluated by
Functional Assessment of Cancer Treatment-colorectal (FACT-
C) questionnaire (20) comprising the four domains of the
FACT-general (FACT-G) questionnaire (21): physical well-
being (PWB), emotional well-being (EWB), functional well-
being (FWB), and social well-being (SWB), as well as a
disease-specific CRC subscale (CCS). From these five subscales,
FACT-C Trial Outcome index (PWB1FWB1CCS), FACT-G
total score (PWB1SWB1EWB1FWB), and FACT-C total
score (PWB1SWB1EWB1FWB1CCS) were calculated accord-
ing to the questionnaire manual.

Statistical analyses
Sample size was based on the power calculation for changes

in VO2peak. Assuming an SD of 2 mL O2 $ min21 $ kg21, 16
patients in each group provided 80% power to detect a between
group difference of 2 mL O2 $ min21 $ kg21 in VO2peak. To
account for a potential attrition rate of up to 20%, we aimed to
include 20 patients in each group. The primary analysis com-
pared difference in changes in study outcomes from baseline to
week 12 between the two treatment arms. The primary analysis
was based on a mixed-effect model with study outcomes as
dependent variables and group (IWALK/CON), time (baseline/
12 weeks), and their interaction as fixed effects. A random effect
of patients was included to account for subject-specific varia-
tion of the levels of each outcome. For all study outcomes, the
raw mean and SD for each group at baseline and week 12 were
reported, along with the estimated in-group changes and
between-group difference with 95% CIs extracted from the
mixed-effect model. Some variables were log-transformed to
improve model compliance, in which case the estimated in-
group changes and between-group differences were analyzed
on a log-scale and reported as back-transformed relative ratio
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with 95% CIs. Thus, for example, a back-transformed estimate
of 0.85 corresponds to a median relative change of 215%. All
analyses were performed as intention-to-treat analyses, thus all
patients remained in the originally allocated treatment arms
regardless of compliance to the intervention. Because of a
relatively low number of returned training logs (n 5 8) and
available InterWalk records (n5 11) in the IWALK group (i.e.,
missing data for training adherence), we performed subgroup
analyses to examine if there were differences in study outcomes
among subjects with or without training logs or InterWalk
records. All statistical tests were two-tailed, and significance
level was set at 0.05.

Results

Study participants
Between 1 October 2015 and 1 February 2017, a

total of 83 subjects were screened for eligibility (Fig. 1).
From these, 42 patients (51%) accepted participation
and completed baseline assessments. Three patients
were excluded prior to randomization due to medical or
motivational reasons. Thus, a total of 39 patients were
randomly allocated to either the interval-walking in-
tervention group (IWALK group; n 5 19) or usual care
control (CON group; n 5 20) (Table 1). During the
study period, 5 participants dropped out; thus, follow-
up data were available in 34 patients (IWALK: n 5 16;
CON: n 5 18).

Interval-walking adherence
Training logs were available from 8 out of the 16

IWALK participants, and tracking data from the Inter-
Walk application were available from 11 IWALK par-
ticipants. Five subjects recorded adherence data using
both training logs and the InterWalk application, and five
subjects did not have any adherence data registered. On
average, participants reported that they performed 1546
23 minutes interval walking per week, equivalent to
102 6 16% of the dose prescribed, and tracking data
from the InterWalk application on average registered
1196 15 minutes (796 10%) of usage per week (Fig. 2).
Based on available data, 5 out of 8 subjects reported on
average to perform at least 150 minutes interval walking
per week from training logs, and 1 out of 11 subjects with
InterWalk data registered .150 min/wk, as the Inter-
Walk application generally registered lower volumes
than the training logs. For all study outcomes, we found
no differences between subjects with or without available
adherence data (data not shown).

Cardiopulmonary fitness
The primary end point was change in VO2peak from

baseline to week 12. We found no remarkable changes in
the IWALK group or CON group, and no between-group
difference was observed (Table 2). There were no dif-
ferences for measures of blood pressure or resting heart
rate.

Glycemic control
Next, we examined the effects of interval walking on

glycemic control as evaluated by OGTT (Fig. 3). For the
IWALK group, we found a small reduction in fasting
glucose concentration [mean in-group change 20.3 mM
(20.6 to 20.1); P 5 0.01] concurrent with significant
improvements in postprandial glycemic control as de-
termined by reduced glucose AUC [mean in-group
change 293 mM 3 min (2156 to 227); P 5 0.007]
and 2-hour glucose concentration [mean in-group
change 21.0 mM (21.8 to 20.2); P 5 0.015]. For
glucose AUC, the reduction in the IWALK group was
superior to the change in the CON group [mean between-
group difference: 2126 mM 3 min (2219 to 33), P 5
0.009]. For the corresponding insulin measures, we
found no differences from baseline to week 12, except for
an in-group reduction in 2-hour insulin and C-peptide
concentrations in the IWALK group. There were no
significant changes in either group for HOMA-IR index
or insulinogenic index, but the IWALK group increased
the Matsuda index [mean in-group change 2.90 (1.81;
4.00); P , 0.001], which was a significant improvement
compared with the CON group [mean between-group
difference 1.94 (0.34; 3.54); P 5 0.019].Figure 1. CONSORT diagram. T2DM, type 2 diabetes mellitus.
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Body composition
Changes in body composition are presented in Fig. 4.

In the IWALK group, there were no significant changes
in body composition, but we found increased total fat
mass in the CON group [mean in-group change 1.12 kg
(0.24; 1.99); P5 0.014], which resulted in a significant
between-group difference [mean between-group dif-
ference: 21.47 kg (22.74 to 20.19); P 5 0.025].
Compartment analyses showed significant increased
android, but not gynoid, fat mass in the CON group
[mean in-group change 0.12 kg (0.00; 0.23); P 5
0.048]. No patients in either group were reported to be
diagnosed with lymphedema before or during the
study.

Blood biochemistry
In Table 3, we present changes in plasma lipids, leptin,

and inflammatory cytokines. In this study, we observed a
significant 15% in-group reduction in systemic tri-
glyceride concentrations in the IWALK group and a
tendency toward increased IL-6 concentration in the
CON group, but no between-group differences were
observed.

Health-related quality of life
Finally, we examined the effect of interval walking of

self-reported health-related quality of life assessed by the
FACT-C questionnaire (Table 4). We found no signifi-
cant between-group differences, but within the IWALK
group, FACT-C total score and FACT-C trial outcome
index were improved. These improvements were largely
attributed to improvements in the FWB domain.

Discussion

In the current study, we demonstrate that a pragmatic
home-based interval-walking program was feasible in
patients with CRC and effectively improved metabolic
fitness in the form of lower fasting glucose levels, im-
proved postprandial glycemic control, and prevention of
posttreatment gain in fat mass. In contrast, interval
walking had no effect on cardiopulmonary fitness, which
has been found in previous studies in middle-aged/elderly
healthy individuals (22, 23) and patients with type 2 di-
abetes (24). Improvements in aerobic fitness levels
require amarked load on the cardiopulmonary system and
are generally considered to be driven by improvements in

Table 1. Baseline Characteristics

All, n 5 39 CON, n 5 20 IWALK, n 5 19

Sex, n (%)
Male 18 (46) 11 (55) 7 (37)
Female 21 (54) 9 (45) 12 (63)

Age, y, mean (SD) 59.1 (9.6) 60.3 (8.9) 57.8 (10.4)
Body composition, mean (SD)
BMI, kg/m2 27.9 (4.2) 27.6 (4.5) 28.2 (4.0)
Lean body mass, kg 48.8 (9.8) 49.0 (8.5) 48.7 (11.2)
Total fat mass, kg 28.4 (9.1) 27.2 (9.3) 29.7 (8.9)

Blood pressure, mean (SD)
Systolic, mm Hg 129.9 (18.8) 130.5 (15.3) 129.2 (22.3)
Diastolic, mm Hg 81.3 (8.8) 80.9 (8.2) 81.7 (9.6)

Employment, n (%)
Working 25 (64) 12 (60) 13 (68)
Not workinga 14 (36) 8 (40) 6 (32)

Smoking, n (%)
Former 19 (49) 9 (45) 10 (53)
Never 17 (43) 9 (45) 8 (42)
Current 3 (8) 2 (10) 1 (5)

Cancer type, n (%)
Colon cancer 31 (79) 17 (85) 14 (74)
Rectal cancer 8 (21) 3 (15) 5 (26)

Tumor stage, n (%)
1 10 (26) 4 (20) 6 (32)
2 11 (28) 7 (35) 4 (21)
3 18 (46) 9 (45) 9 (47)

Adjuvant chemotherapy, n (%)
Yes 21 (54) 11 (55) 10 (53)
No 18 (46) 9 (45) 9 (47)

Time since treatment completion, days 60 (38; 358) 71 (37; 256) 60 (40; 380)

Data are n (%) or mean (SD), except for time since treatment completion, which is presented as median days (interquartile range).

Abbreviation: BMI, body mass index.
a Includes retired, unemployed, and sick leave.
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cardiac stroke volume. Despite the alternating intensities,
the present intervention did not appear strenuous enough
to improve the central components of the oxygen cascade.
It is possible that the high-intensity component of our
intervention did not reach the required target level (70%
to 85% of VO2peak intensity level) or volume (up to 300
min/wk), as prescribed and monitored by accelerometers

in the prior studies. Also, these diverse findings may be
explained by differences in study design. The previous
studies performed unblinded VO2peak assessments and
strict per-protocol analyses, excluding a large proportion
of subjects. In contrast, we had blinded assessors and
performed intention-to-treat analyses including all sub-
jects regardless of adherence and/or contamination.

Figure 2. Interval-walking adherence. (A and B) Available data from 11 subjects in the WALK group using the InterWalk smartphone application
for time in minutes and mean (6 SD) intensity as the vector magnitude calculated as the square root of the summed squared acceleration from
the x-, y-, and z-axes averaged over 30 s. A depicts individual adaptation test (total of 28 adaptation test for 11 subjects) comprising a total
7 min (after standing still for 30 s) as follows: “walk slow” for 2 min; “walk at medium pace” for 2 min; “walk fast” for 2 min; and “walk very
fast” for 1 min. B shows interval-walking sessions performed of at least 6 and up to 30-min duration (total of 196 sessions from 11 subjects)
using the InterWalk training function instructing repeating cycles of 3 min “slow walking” and 3 min “fast walking,” according to the individual
paces for fast and slow walking from the individual adaption test, respectively. C presents the average interval walking training dose performed
minutes per week (1 SD) based on self-reported training logs from 8 subjects (white bars) and registered InterWalk usage from 11 subjects (gray
bars). Dashed line denotes the prescription of 150 min/wk. All available data are included in C. It is not possible to compare individual weeks
between training logs and InterWalk data, as they are not from same subjects, and the number of missing observations varied from week to
week.

3706 Christensen et al Interval Walking After Cancer Treatment J Clin Endocrinol Metab, September 2019, 104(9):3701–3712

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/104/9/3701/5436995 by guest on 01 M
arch 2021



The current study demonstrates improved postprandial
glycemic control following an exercise program in patients
with CRC. Considerable reductions in blood glucose
and insulin levels during the last part of the OGTT,
resulting in highly improved Matsuda index, clearly
indicate that the early adaptive response after 12 weeks
of interval walking is driven by improved peripheral
insulin sensitivity. This finding is in accordance with the
physiological understanding that peripheral adapta-
tions in insulin sensitivity occur as a rapid response to
exercise (25). This may be of particular importance in
patients with CRC without pre-existing metabolic dis-
orders in whom the window for rapid adaptations/
improvements is substantial.

Although it is well known that impaired glycemic
control and type 2 diabetes are risk factors for CRC, less
is known about the possible opposite association that
CRC may predispose to type 2 diabetes (4). Erhmann-
Josko et al. (26) proposed that CRC is a diabetogenic
factor, especially in younger, nonoverweight individuals,
and showed significantly higher incidence of impaired
glycemic control and type 2 diabetes in patients with
CRC compared with controls without cancer irrespective
of age and body mass index (26). In that study, no dif-
ferences were observed between CRC and control sub-
jects in fasting glucose, insulin, and C-peptide levels,
indicating that fasting blood samples do not capture early
metabolic deficiencies and highlighting the need for
glucose challenges in both risk assessments and for the
evaluation of lifestyle interventions.

Another interesting, but somewhat unexpected,
finding was that interval walking attenuated a notable
posttreatment gain in fat mass, in particular in android
fat, in the CON group. Abdominal adiposity is a source
of low-grade inflammation (1, 27), and we did observe

that systemic IL-6 levels tended to increase in the CON
group. Posttreatment weight gain is well established in
several populations with cancer [i.e., early stage breast
(28) and prostate cancer (29)] and has also been
reported in patients with CRC, but has largely been
attributed to adjuvant chemotherapy or simply re-
established equilibrium after surgery-induced weight
loss (30, 31). In the current study, however, the gain in
fat mass in the CON group was not confined to patients
with adjuvant chemotherapy nor moderated by time
from surgery (data not shown), which questions these as
main drivers of posttreatment fat accumulation. It is
possible that tumor resection per se may lead to fat
accumulation due to the loss of specific incretin
hormone-secreting cells from different colonic seg-
ments. For instance, left/distal colonic tumor resections
by left hemicolectomy, sigmoid colectomy, or low an-
terior resection may lead to the loss of high numbers of
L-cells responsible for the secretion of incretin hor-
mones, such as GLP-1, peptide YY, oxyntomodulin, and
GLP-2 (32). Conversely, proximal resections by right
hemicolectomy may predominantly lead to loss of
K-cells and subsequent higher loss of the secretory ca-
pacity of other hormones including GIP (33). Our
sample size did not allow for subgroup analyses based
on type of surgery; thus, we can only speculate whether
resection of specific colonic segments may determine
posttreatment energy balance in CRC and hence
whether exercise have diverse potential to rescue this
late effect in different subpopulations.

Engaging patients with CRC in exercise intervention
studies has previously been undertaken to improve
psychosocial parameters and physical performance, but
several studies have displayed poor recruitment rates
and/or program compliance resulting in prolonged trial

Table 2. Cardiovascular End Points

Baseline/Week 12 In-Group Change Between-Group Difference

Mean (SD) Mean (SD) D (95% CI) P Value
Difference
(95% CI) P Value

VO2peak, mL O2 $ min21 $ kg21

IWALK 26.9 (6.9) 26.4 (5.7) 20.32 (21.61 to 0.96) 0.612 20.32 (22.09 to 1.45) 0.741
CON 26.1 (6.0) 24.8 (5.7) 0.00 (21.22 to 1.21) 0.996

MAP, mmHg
IWALK 97.5 (13.3) 95.2 (10.7) 23.0 (27.5 to 1.5) 0.183 24.7 (210.9 to 1.5) 0.133
CON 97.4 (9.5) 99.9 (12.2) 1.7 (22.6 to 6.0) 0.424

Resting HR, bpm
IWALK 71.3 (9.8) 67.8 (8.5) 24.1 (28.9 to 0.6) 0.085 24.1 (210.7 to 2.4) 0.201
CON 71.0 (9.2) 70.6 (14.0) 0.0 (24.5 to 4.5) 0.999

Means (SD) are based on all available data (baseline andwk 12) for CON (N5 20 andN5 18) and IWALK (N5 19 andN5 16, respectively).Within-group
change may not reflect the numerical difference between baseline and week 12, given that mean change is estimated based on mixed-model analysis.

Abbreviations: HR, heart rate; MAP, mean arterial pressure.
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periods or premature study termination (13, 34, 35). In
this study, we used a simple, home-based interval-
walking program, which could be supported by a

smartphone-based application but could also be pre-
scribed by simply instructing subjects to walk in fast/
slow pace for 3-minute intervals. From a dissemination

Figure 3. Data for postprandial glycemic control assessed by OGTT, with 83 g oral glucose administered to time 0, and blood samples drawn
immediately before (time 0) and to time 30, 60, 90, and 120 min. Data for OGTT glucose concentrations for (A) the CON group, (B) the IWALK
group, (C) changes in AUC, and (D) changes in 2-h (2H) concentration. Data for OGTT insulin concentration for (E) the CON group, (F) the
IWALK group, (G) changes in AUC, and (H) changes in 2H concentration. Data for OGTT C-peptide concentration for (I) the CON group, (J) the
IWALK group, (K) changes in AUC, and (L) changes in 2H concentration. Data for (M) HOMA-IR, (N) insulinogenic index, (O) Matsuda index, and
(P) fasting hemoglobin A1c (HbA1c). Data are presented as means 6 SEM. #P , 0.05 for in-group change; *P , 0.05; **P , 0.01 for between-
group difference.
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perspective, it is promising that due to the simplicity of
the intervention, even patients, who simply performed
interval walking with the fast-slow paces based on
personal preferences, improved metabolic fitness.

The current study has important limitations. Our
findings are based on a small samples size, and most
outcomes in the current study were secondary, explor-
ative analyses, thus the risk of type 1 errors should be
considered. Some of our findings (e.g., the effect on
glycemic control by improved peripheral insulin

sensitivity) are highly concordant with existing knowl-
edge and prior reports, whereas the protection from fat
accumulation was unexpected and may have been a
consequence of other factors, such as type of tumor re-
section, for which we could not control. Also, body
composition assessment by DXA scans are highly influ-
enced by soft-tissue water retention, which can occur in
postsurgical survivors with cancer with lymph node re-
moval. No subjects reported this, but we cannot rule out if
some subjects experienced swelling or subclinical/early

Figure 4. Changes for baseline to week 12 in body composition for (A) lean body mass, (B) total fat mass, (C) android fat mass, and (D) gynoid
fat mass. Data are presented as means 6 SEM. #P , 0.05 for in-group change; *P , 0.05 for between-group difference.

Table 3. Plasma Lipids, Leptin, and Low-Grade Inflammation

Baseline/Week 12 In-Group Change Between-Group Difference

Mean (SD) Mean (SD) D (95% CI) P Value Difference (95% CI) P Value

Total cholesterol, mM
IWALK 5.0 (1.0) 5.1 (0.8) 20.1 (0.3; 0.2) 0.603 0.0 (20.4 to 0.4) 0.991
CON 5.3 (0.9) 5.3 (0.8) 20.1 (0.3; 0.2) 0.571

HDL cholesterol, mM
IWALK 1.4 (0.3) 1.4 (0.4) 0.0 (20.1 to 0.2) 0.446 0.0 (20.2 to 0.2) 0.929
CON 1.7 (0.5) 1.7 (0.6) 0.0 (20.1 to 0.2) 0.498

LDL cholesterol, mM
IWALK 3.1 (0.9) 3.2 (0.8) 20.1 (20.3 to 0.2) 0.644 0.0 (20.3 to 0.3) 0.977
CON 3.2 (0.8) 3.2 (0.8) 20.1 (20.3 to 0.2) 0.591

Triglycerides, mMa

IWALK 1.72 (0.96) 1.42 (0.69) 0.85 (0.74; 0.97) 0.017 0.88 (0.73; 1.06) 0.181
CON 1.27 (0.72) 1.27 (0.63) 0.95 (0.84; 1.09] 0.500

Leptin, pg/mLa

IWALK 33,978 (34,911) 33,318 (34,709) 0.95 (0.77; 1.16) 0.585 0.89 (0.67; 1.17) 0.399
CON 25,719 (32,353) 25,540 (27,201) 1.06 (0.88; 1.29) 0.514

IL-6, pg/mLa

IWALK 0.53 (0.30) 0.52 (0.24) 1.05 (0.83; 1.32) 0.692 0.84 (0.61; 1.16) 0.291
CON 0.54 (0.24) 0.66 (0.32) 1.23 (0.99; 1.55) 0.056

TNF-a, pg/mLa

IWALK 2.16 (0.75) 2.17 (0.84) 0.99 (0.93; 1.05) 0.763 0.96 (0.88; 1.05) 0.371
CON 2.02 (0.55) 2.14 (0.59) 1.03 (0.96; 1.10) 0.325

Means (SD) are based on all available data (baseline and week 12) for CON (N5 20 and N5 18) and IWALK (N5 19 and N5 16, respectively). Within-
group change may not reflect the numerical difference between baseline and wk 12, given that mean change is estimated based on mixed-model
analysis.

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
aAnalyses for triglycerides, leptin, IL-6, and TNF-a are performed on log-transformed data and estimates for in-group changes and between group
differences are back-transformed and should be interpreted as median relative changes/differences with back-transformed 95% CIs.
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stage lymphedema. Another important limitation com-
prises our incomplete adherence registration, as we only
had available InterWalk data from 11 and training logs
from 8 subjects, respectively. Although some subjects
successfully used the InterWalk application to individu-
alize the walking intensities and logged comprehensive
online-training records (Fig. 2A and 2B), we encountered
considerable technological challenges and clearly
underestimated the need for technological support and
training in this population (36), resulting in several
participants not being able to use the application. In these
cases, we instructed participants to perform the walking
program using other devices (e.g., stopwatch). Although
subgroup analyses comparing the participants with
available adherence data to the participants who did not
register their interval walking did not show considerable
differences for any of the study outcomes (data not
shown), the lack of a valid training device may have
resulted in a suboptimal training intensity. Another limi-
tation is the lack of data for physical activity at baseline
(beyond the inclusion criteria of ,150 minutes moderate
intensity exercise per week) and during the trial period in
the CON group; thus, we cannot determine to which
extend the CON group may have changed their physical
activity level during the study period.

Conclusion

In summary, free-living interval walking in patients with
CRC is an effective intervention to improve metabolic
fitness, in particular peripheral insulin sensitivity, but not
to improve aerobic capacity. Based on a high adherence
to the program and small improvements in health-related
quality of life, we propose that this type of exercise
prescription is an implementable strategy into clinical
practice for prevention of secondary metabolic diseases
with particular relevance for patients who by choice or
logistical reasons are precluded from standard hospital-
based programs.
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R, Göke B. GLP-1 release in man after lower large bowel resection
or intrarectal glucose administration. Digestion. 1998;59(6):
689–695.

33. Jorsal T, Rhee NA, Pedersen J, Wahlgren CD,Mortensen B, Jepsen
SL, Jelsing J, Dalbøge LS, Vilmann P, Hassan H, Hendel JW,
Poulsen SS, Holst JJ, Vilsbøll T, Knop FK. Enteroendocrine K and L
cells in healthy and type 2 diabetic individuals.Diabetologia. 2018;
61(2):284–294.

34. Pinto BM, Papandonatos GD, Goldstein MG, Marcus BH, Farrell
N. Home-based physical activity intervention for colorectal cancer
survivors. Psychooncology. 2013;22(1):54–64.

35. Van Vulpen JK, Velthuis MJ, Steins Bisschop CN, Travier N, Van
Den Buijs BJ, Backx FJ, Los M, Erdkamp FL, Bloemendal HJ,
Koopman M, De Roos MA, Verhaar MJ, Ten Bokkel-Huinink D,
Van Der Wall E, Peeters PH, May AM. Effects of an exercise
program in colon cancer patients undergoing chemotherapy. Med
Sci Sports Exerc. 2016;48(5):767–775.

36. Rossen S, Kayser L, Vibe-Petersen J, Ried-LarsenM, Christensen
JF. Technology in exercise-based cancer rehabilitation: a cross-
sectional study of receptiveness and readiness for e-Health uti-
lization in Danish cancer rehabilitation. Acta Oncol. 2019;30:
1–9.

3712 Christensen et al Interval Walking After Cancer Treatment J Clin Endocrinol Metab, September 2019, 104(9):3701–3712

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/104/9/3701/5436995 by guest on 01 M
arch 2021


