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Abstract
Objectives: The aim of this study was to describe preoperative activity levels of older 
patients undergoing cancer surgery and to determine factors associated with low physical 
activity levels. This study can contribute to the development of prehabilitation programs 
for older patients with cancer.

Methods: Multicenter, prospective cohort study in patients with colorectal cancer aged 
≥70 years or (suspected) gynecological cancer aged ≥60 years. Thigh-worn accelerometry 
was used to quantify physical activity for one week preoperatively. Patients spending >1 
standard deviation (SD) in a sedentary position compared to group mean were defined 
as the sedentary group. Patient characteristics and outcomes were compared between 
sedentary and non-sedentary patients.

Results: We included 73 patients with a median age of 74 years (47 colorectal cancer; 
26 gynecological cancer). Sedentary patients (n=12) were active on average 2 hours 
and 32 minutes (SD 40 minutes) per day, compared to 5 hours and 8 minutes (SD 67 
minutes) in the non-sedentary group (n=61). Sedentary patients were older, more often 
frail according to Fried frailty criteria, and had lower physical performance irrespective 
of cancer type (colorectal versus gynecological). In exploratory analyses, there were no 
significant differences in postoperative outcomes between sedentary and non-sedentary 
patients.

Conclusion: In older oncological-surgical patients, preoperative accelerometer-measured 
sedentary behavior was associated with frailty and worse physical performance 
irrespective of cancer type. Developers of future prehabilitation programs from all surgical 
specialties may profit from these data, since we demonstrated that characteristics of 
sedentary patients are similar across surgical specialties.
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Introducti on
More than half of the newly diagnosed cancer cases are in pati ents 65 years and older.114

As a consequence, older pati ents are undergoing cancer surgery increasingly oft en. The 
advent of minimally invasive techniques in abdominal surgery and Enhanced Recovery 
Aft er Surgery (ERAS)-programs, especially in gastrointesti nal surgery, have reduced the 
incidence of complicati ons, making major surgery feasible even for the oldest-old.115–118

However, surgery is never a risk-free interventi on. For the heterogeneous older pati ent 
populati on with diff erent levels of physical and psychological resilience, biological rather 
than chronological age is a stronger predictor for adverse postoperati ve outcomes.119,120

Especially physically frail older pati ents with low muscle mass, low cardiorespiratory functi on 
and multi ple comorbiditi es are at risk for complicati ons and prolonged recovery.121,122 In 
non-cardiac surgery, preoperati ve frailty predicts mortality, complicati ons, delirium and 
insti tuti onalizati on.120

In the preoperati ve phase, increasing the pati ent’s physical resilience with prehabilitati on 
may lead to more favorable outcomes.123 Physical exercise is the cornerstone of most 
prehabilitati on programs and is oft en combined with enhanced nutriti on, anxiety reducti on 
techniques, anemia treatment and nicoti ne replacement therapy.124 It is likely that physically 
frail older pati ents have the most to gain from prehabilitati on.125,126 One study has shown 
that pati ents with poor baseline functi oning improved the most during prehabilitati on.127

However, good-quality evidence on prehabilitati on in frail older pati ents is scarce.128 Studies 
published so far in frail older pati ents undergoing abdominal surgery show confl icti ng 
results.43,129,130 Moreover, with the excepti on of one case-report131, no studies have been 
published in a gynecological populati on yet. 

Because of the heterogeneous older pati ent populati on with several possible impairments, 
there is a need for tailor-made programs for these pati ents.132–134 The implementati on of 
successful prehabilitati on in this populati on is dependent on understanding and adapti ng 
to the needs of the pati ents. However, litt le is known about the baseline physical acti vity 
levels of older pati ents undergoing cancer surgery. Insight herein can help to defi ne targets 
for preoperati ve training for older pati ents.

In this study, we used accelerometry to quanti fy preoperati ve physical acti vity levels of 
older pati ents undergoing surgery for colorectal and gynecological cancer. We described 
associati ons between low physical acti vity and other determinants of frailty. Finally, we 
explored associati ons between physical acti vity levels and postoperati ve outcomes. The 
results of this study can contribute to the development of prehabilitati on programs for older 
oncological-surgical pati ents.
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Methods

Study design and setting

This multicenter, prospective cohort study was performed between December 2018 and 
January 2021 in three hospitals in the Netherlands: Gelre Hospitals locations Apeldoorn and 
Zutphen, Isala Hospital Zwolle, and University Medical Center Groningen (UMCG).

Participants

Patients aged 70 years and older with colorectal cancer (CRC) and patients aged 60 years and 
older with (a high suspicion of) gynecological cancer (Risk of Malignancy Index >200135 or 
complex atypical endometrial hyperplasia) were eligible for inclusion if they were planned for 
elective, potentially curative surgery at one of the participating institutions (Gelre hospitals, 
Isala hospital, or (only for gynecological patients) UMCG). The lower age threshold for 
gynecological patients aimed to increase the number of eligible study candidates. Patients 
were excluded if they were wheelchair users or unable to provide informed consent.

Procedures and data assessment

Potentially eligible patients were identified during multidisciplinary oncological meetings by 
the study team and were given information about the study by their physician or nurse at 
the outpatient clinic. If patients gave informed consent, the first study visit was scheduled 
at least one week before surgery and follow-up was planned six to eight weeks after 
surgery. Patients were assessed at the outpatient clinic or at their own home. During the 
COVID-19 pandemic (from March 2020 onwards) study visits were conducted by telephone/
videoconferencing. 

Baseline characteristics

The following baseline characteristics were collected: age, sex, body mass index (BMI) and 
comorbidities (Charlson Comorbidity Index61). Nutritional status was determined with Mini 
Nutritional Assessment (MNA136); a score of ≤11 was considered at risk for undernutrition. 
Depressive symptoms were assessed with the Geriatric Depression Scale (GDS-2, and if 
positive the GDS-15137,138); a score of ³6 was considered at risk for depression. Cognitive 
problems were assessed with the 6-item Cognitive Impairment Test (6-CIT139); a score of 
³11 indicated cognitive impairment. Physical impairment was assessed with KATZ-ADL140 
questionnaire ranging from 0-6 with higher scores indicating greater impairment. Subjective 
problems with physical functioning were assessed with the Short Form-36 (SF-36141) 
physical functioning questionnaire (10 questions) for which a total score of 0-100 could be 
obtained. Subjective amount of time spent doing physical activities in the previous week 
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was assessed with questi ons on the number of days and number of hours per day spent on 
walking, biking, sports and household chores. The total number of hours per week spent 
doing these acti viti es was calculated. Pati ents were also asked to rate their moti vati on for 
movement/exercise and for parti cipati on in a prehabilitati on program (involving exercise 
and/or nutriti onal enhancement) on a scale of 0-10. 

At baseline, physical assessment consisted of hand grip strength (HGS) and Short Physical 
Performance Batt ery (SPPB142). HGS was measured using Jamar hydraulic hand dynamometer 
on the dominant hand. SPPB consists of three components: balance, 4-meter walking speed, 
and 5-repeti ti on chair stand test. Each component results in a maximum of four points and a 
total maximum score of 12 points can be obtained.

Physical frailty was measured with Fried criteria25 (one point each for presence of weight 
loss, low hand grip strength (with sex- and BMI-specifi c cut-off s), low gait speed on the 
4-m gait speed test (with sex- and height-specifi c cut-off s), subjecti ve physical exhausti on (a 
positi ve answer on at least one of two questi ons: 1. Did you feel like everything you did was 
an eff ort?; 2. Do you feel like you cannot get going?), and low energy use (less than one walk 
a month; more than four hours a day sedentary behavior; and no sports acti viti es)). A score 
of ³3 was considered indicati ve of frailty.

The following informati on was collected from the electronic medical records: American 
Society of Anesthesiologists (ASA)-classifi cati on63, preoperati ve anemia (hemoglobin level 
<7.5 mmol/L for females and <8.5 mmol/L for males), tumor locati on, type of surgery, 
tumor stage (Tumor Node Metastasis (TNM) or Fédérati on Internati onale de Gynécologie et 
d’Obstétrique (FIGO) stage), and (neo)adjuvant therapies.

Accelerometry

Preoperati ve physical acti vity was objecti vely quanti fi ed with MOX1-accelerometers 
(Maastricht Instruments, Maastricht, The Netherlands). The accelerometer was att ached on 
the thigh 10cm above the knee to measure conti nuously for seven days. MOX1 measures 
raw accelerati on data (±8g) on three orthogonal axes at a sampling rate of 25Hz and stores 
it in internal memory of the device. When worn at the anterior thigh, the accelerometer can 
accurately esti mate the ti me spent in diff erent postures (sitti  ng/lying or upright) and acti viti es 
(dynamic versus non-dynamic)143. MOX1 has been validated in the laboratory setti  ng and 
free-living conditi ons144,145 and has been used in a previous study in CRC survivors146. 

Follow-up

At the follow-up visit, SF-36 physical functi oning and KATZ-ADL questi onnaires and SPPB 
were repeated. Pati ents were also asked to rate their physical recovery from the operati on 
on a scale of 0-10.
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We registered the following postoperative outcomes: 30-day overall and severe complications 
(Clavien-Dindo³360), Comprehensive Complication Index147, 30-day mortality, length of stay 
(LOS), discharge destination, decline in subjective physical functioning (³5 point decrease 
in SF-36 score between baseline and follow-up148), decline in objective physical functioning 
(³1 point decrease in SPPB score between baseline and follow-up), and increase in physical 
impairment (³1 point increase in KATZ-ADL score between baseline and follow-up).

Statistical analysis 

Accelerometry data were analyzed using IDEEQ software provided by Maastricht 
Instruments. The software uses a slightly modified version of the algorithm as described 
by Bijnens et al.143 to differentiate between sedentary and standing postures and dynamic 
activities. The software uses a shorter data segmentation window (1s instead of 2s) and a 
lower threshold for dynamic physical activity (signal intensity threshold of 5 instead of 7 
counts per second) than in the article of Bijnens et al.143 For the analyses, the accelerometry 
data were normalized to account for different wear times between patients. The total 
number of hours spent in sedentary position, standing or performing dynamic activities was 
divided by the number of hours the sensor was worn. The results were reported as a mean 
number of hours performing specific activities per 24-hour period. We calculated total non-
sedentary time (including standing and dynamic activities) per 24 hours. 

Patients were divided into two groups based on sedentary behavior. Patients who spent 
the most time in sedentary position (sitting/lying) based on >1 standard deviation (SD) 
difference compared to the rest of the group were defined as the sedentary group. Baseline 
and treatment characteristics and postoperative outcomes were compared between 
sedentary and non-sedentary patients using Chi squared test, Fisher’s exact test, t-test or 
Mann Whitney U test as appropriate. Pearson’s correlation coefficient was calculated for the 
correlation between subjective and objective physical activity levels. A two-sided p-value 
of <0.05 was considered statistically significant. All analyses were performed with SPSS for 
Windows version 25.0.

Ethical approval

The study complies with the Declaration of Helsinki and Good Clinical Practice Guidelines. 
The Medical Research Ethics Committee confirmed that the study was not subject to the 
Dutch Medical Research Involving Human Subjects Act. The study was approved by the local 
institutional review boards. Written informed consent was obtained from all participants.
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Results

Study parti cipants

A fl ow chart of study inclusion is depicted in Figure 1. A total of 346 pati ents were 
potenti ally eligible to parti cipate in the study during the inclusion period. Due to various 
(mainly logisti cal) reasons, 158 pati ents were not approached for the study. A further 103 
pati ents were approached but not included because of unwillingness to parti cipate (n=85), 
inability to sign informed consent (n=5), language barrier (n=2), wheelchair use (n=1), or 
other reason (n=10). Eighty-fi ve pati ents signed informed consent. Compared to pati ents 
who provided informed consent, pati ents who were approached but declined to parti cipate 
(n=85) were more oft en female (81% versus 65%, p=0.03). Age did not diff er between 
included and excluded pati ents. 

Twelve pati ents who provided informed consent were excluded due to no accelerometry 
data (n=7), less than 72 hours of accelerometry data (n=4) and one drop-out. A total of 73 
pati ents were included in the fi nal analyses (47 in the CRC group and 26 in the gynecological 
cancer group). For the included pati ents, the preoperati ve assessment was performed a 
median of 11 days (IQR 7–20) before surgery. The postoperati ve assessment was performed 
a median of 7 weeks (IQR 6.4–7.4) aft er surgery.
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Figure 1. Flow chart of study inclusion

Baseline characteristi cs

Table 1 summarizes baseline characteristi cs of the included pati ents. Median age was 74 
years (IQR 70-79). Forty-eight pati ents (66%) were female (22 (47%) females in the CRC 
group). All pati ents lived at home. Sedentary pati ents were older (median 79 versus 73 
years, p=0.007) and had higher ASA-scores (ASA 3-4: 67% versus 18%, p=0.001).

Of the 47 pati ents in the colorectal group, 38 had colon cancer, eight rectum cancer, and one 
pati ent appeared to have had benign colon pathology. Sixteen pati ents with CRC had TNM 
stage III cancer. Twenty-six pati ents had (a suspicion of) gynecological cancer (endometrium 
in 20 pati ents, ovarian/tubal in fi ve pati ents, and vulva in one pati ent). Three pati ents had 
FIGO stage III cancer (endometrium or ovarium), two pati ents had benign endometrial 
pathology and one pati ent had TNM stage I vulva carcinoma. Tumor stages were lower in 
the sedentary group (stage III 8% versus 31%, p=0.02). 

Treatment characteristi cs are summarized in Table 2. All pati ents underwent electi ve, 
potenti ally curati ve surgery. Eight pati ents (11%) had open abdominal surgery. Three 
pati ents (4%) received an ostomy. Six pati ents (8%) received neoadjuvant therapy and 
eighteen pati ents (25%) received adjuvant therapy. 
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Table 1. Comparison of baseline characteristi cs between sedentary and non-sedentary pati ents based 
on accelerometry data

Variable Overall 
(n=73)

Sedentary 
(n=12)

Non-sedentary 
(n=61)

p-value

Age, median (IQR) 74 (70–79) 79 (75–81) 73 (70–76) 0.007

Female sex 48 (66) 6 (50) 42 (69) 0.32

ASA III-IV (n=69) 18 (26) 8 (67) 10 (18) 0.001

Charlson Comorbidity Index 0.45

  0 40 (55) 5 (42) 35 (57)

  1 18 (25) 3 (25) 15 (25)

  ≥2 15 (21) 4 (33) 11 (18)

Anemia (n=61) 33 (54) 6 (60) 27 (53) 0.74

Polypharmacy 23 (32) 3 (25) 20 (33) 0.74

Tumor locati on 1.00 

Colorectal 47 (64) 8 (67) 39 (64)

Gynecological 26 (36) 4 (33) 22 (36)

Tumor stage 0.02

AJCC I-II/FIGO I-II 31 (43) 9 (75) 41 (67)

AJCC III/FIGO III 16 (22) 1 (8) 19 (31)

Benign 3 (4) 2 (17) 1 (2)

Open surgery 8 (11) 0 (0) 8 (13) 0.34

Depressive symptoms (GDS ≥6) 4 (5) 1 (8) 3 (5) 0.52

Cogniti ve problems (CIT≥11) 1 (1) 0 (0) 1 (2) 1.00

KATZ-ADL score ≥2 2 (3) 1 (8) 1 (2) 0.30

All values are reported as number and percentage unless otherwise indicated. Boldface data are 
stati sti cally signifi cant. If a variable has missing values, the number presented behind an outcome 
variable represents the number of pati ents included in this analysis.

Abbreviati ons: AJCC = American Joint Committ ee on Cance; ASA = American Society of Anesthesiologists; 
ADL = acti viti es of daily living; CIT = Cogniti ve Impairment Test; FIGO = Fédérati on Internati onale de 
Gynécologie et d’Obstétrique; GDS = Geriatric Depression Scale; IQR = interquarti le range 



Chapter 5

84

Table 2. Treatment characteristics of the included patients

Colorectal group (n=47) n (%)

Type of surgery

Hemicolectomy 31 (66)

Sigmoidectomy 9 (19)

Low anterior/abdominoperineal resection 7 (15)

Ostomy

Ileostomy 1 (2)

Colostomy 2 (4)

Neoadjuvant therapy

Radiotherapy 1 (2)

Chemotherapy 1 (2)

Chemoradiation 1 (2)

Adjuvant therapy

Chemotherapy 5 (11)

Gynecologic group (n=26) n (%)

Type of surgery

Abdominal debulking 4 (15)

Laparoscopic hysterectomy 1 (4)

Laparoscopic hysterectomy and oophorectomy 15 (58)

Laparoscopic oophorectomy 1 (4)

Laparoscopic staging 4 (15)

Local excision vulva 1 (4)

Neoadjuvant therapy

Chemotherapy 3 (12)

Adjuvant therapy

Radiotherapy 2 (8)

Chemotherapy 3 (12)

Chemoradiation 1 (4)

Brachytherapy 7 (27)
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Accelerometry results and comparison of physical assessment between 
sedentary and non-sedentary pati ents

Table 3 shows the results on accelerometry and physical assessment data between the 
groups. Pati ents wore the accelerometer for a median of 7.0 days (IQR 6.5–7.0). 

Sedentary pati ents (n=12) spent on average 2 hours 32 minutes (SD 40 minutes) in a 
non-sedentary positi on whereas for the non-sedentary group (n=61) this was 5 hours 8 
minutes (SD 67 minutes). Sedentary pati ents spent on average 54 minutes (SD 25 minutes) 
performing dynamic acti viti es. For the non-sedentary pati ents, this was 1 hour 46 minutes 
(SD 34 minutes).

Sedentary pati ents took a longer ti me to complete the chair stand test (median 13.9 versus 
10.9 seconds, p=0.02) and tended to have lower walking speeds (median 0.92 versus 0.86 
m/s, p=0.21). The overall SPPB score was lower in the sedentary group (median 10 versus 
11, p=0.04). Sedentary pati ents had low HGS more oft en (80% versus 37%, p=0.02) and 
were more oft en frail (17% versus 0%, p=0.03). Sedentary pati ents had lower scores on 
the SF-36 questi onnaire (median 60 versus 90, p=0.007). Sedentary pati ents reported 
less overall acti vity on the physical acti vity questi onnaire (median 7.8 versus 14.0 hours 
per week, p=0.01), were less moti vated to move (median score 6.5 versus 8, p=0.02) and 
their moti vati on for prehabilitati on was lower (median score 5 versus 7, p=0.03). When 
accelerometry data were compared with subjecti ve acti vity questi onnaire, there was a weak 
positi ve correlati on between objecti ve and subjecti ve physical acti vity (r=0.36).

Comparison between pati ents undergoing colorectal and gynecological 
surgery

Table 4 shows a comparison of baseline characteristi cs between pati ents with CRC and 
gynecological cancer. ASA-scores (p=0.39) or comorbiditi es (p=0.40) did not diff er between 
the groups. CRC pati ents had anemia more oft en (62% versus 29%, p=0.04). No diff erences 
were found in walking speed, HGS, SPPB, frailty, SF36-scores or accelerometry results 
between the groups.

Comparison of physical assessment between female and male pati ents

Female pati ents scored lower on the SF-36 questi onnaire (median score 85 vs 95, p=0.02). 
There were no diff erences in SPPB scores, or percentage of pati ents with frailty, low walking 
speed or low HGS. No diff erences in non-sedentary or dynamic acti vity ti me were found.
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Table 3. Comparison of accelerometry and physical assessment results between sedentary and non-
sedentary patients

Variable Overall  
(n=73)

Sedentary 
(n=12)

Non-sedentary 
(n=61)

p-value

Accelerometry data
Number of days measured, median 
(IQR)

7.0 (6.5–7.0) 7.0 (5.9–7.0) 7.0 (6.7–7.0) 0.37

Non-sedentary time per 24 hours, h, 
mean (SD) 

4.7 (1.4) 2.5 (0.7) 5.1 (1.1) -

Dynamic activity time per 24 hours, h, 
mean (SD)

1.6 (0.6) 0.9 (0.4) 1.8 (0.6) -

Physical assessment
BMI, kg/m2, median (IQR) 25.9 (23.3–29.1) 27.6 (23.6–34.0) 25.1 (23.1–28.4) 0.26
Risk for malnutrition (MNA ≤11) 45 (62) 9 (75) 36 (59) 0.35
Walking speed, m/s, median (IQR) 0.87 (0.78–1.03) 0.92 (0.82–1.50) 0.86 (0.76–1.02) 0.21
Chair rise time, s, median (IQR) 11.2 (9.6–14.0) 13.9 (10.6–18.2) 10.9 (9.4–13.4) 0.02
SPPB score, median (IQR) 11 (10–12) 10 (7–12) 11 (10–12) 0.04
Low walking speed 14 (19) 1 (8) 13 (21) 0.44
Low HGS (n=61) 27 (44) 8 (80) 19 (37) 0.03
Frail (Fried score ³3) (n=72) 2 (3) 2 (17) 0 (0) 0.03
Use of walking aid 5 (7) 3 (25) 2 (3) 0.03
SF-36 physical functioning score, 
median (IQR)

90 (78–100) 60 (50–94) 90 (80–100) 0.007

Motivation for movement, median 
(IQR)

8 (7–8) 6.5 (5.3–8.0) 8 (7–8) 0.02

Motivation for prehabilitation, median 
(IQR)

7 (5–8) 5 (1–7) 7 (5–8) 0.03

Subjective activity in hours per week, 
median (IQR)

11.5 (7.0–19.5) 7.8 (3.3–10.7) 14.0 (7.4–20.6) 0.01

Walking in hours per week, median 
(IQR)

2.0 (0.0–4.3) 0.0 (0.3–1.8) 2.5 (0.5–5.1) 0.004

Cycling in hours per week, median 
(IQR) 

0.7 (0.0–2.0) 0.0 (0.0–2.8) 0.7 (0.0–2.0) 0.30

Sports in hours per week, median 
(IQR)

0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.1) 0.74

Household chores in hours per week, 
median (IQR)

6.0 (2.0–14.0) 3.5 (0.9–6.6) 7.0 (2.2–14.0) 0.06

All values are reported as number and percentage unless otherwise indicated. Boldface data are 
statistically significant. If a variable has missing values, the number presented behind an outcome 
variable represents the number of patients included in this analysis.

Abbreviations: BMI = body mass index; h = hours; HGS = hand grip strength; IQR = interquartile range; 
MNA = Mini Nutritional Assessment; SF-36 = Short Form-36; SPPB = Short Physical Performance 
Battery; SD = standard deviation
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Table 4. Comparison of baseline characteristi cs between colorectal and gynecologic cancer pati ents

Variable Colorectal (n=47) Gynecologic (n=26) p-value
Age, median (IQR) 75 (73–79) 70 (65–75) <0.001
ASA III-IV (n=69) 14 (30) 4 (18) 0.31
Charlson Comorbidity Index 0.40
   0 23 (49) 17 (65)
  1 13 (28) 5 (19)
≥2 11 (23) 4 (15)
Anemia (n=61) 29 (62) 4 (29) 0.04
Polypharmacy 15 (32) 8 (31) 0.92
Open surgery 4 (9) 4 (15) 0.44
Accelerometry data
Non-sedentary ti me per 24 hours, h, mean 
(SD) 

4.7 (1.3) 4.7 (1.6) 0.98

Dynamic acti vity ti me per 24 hours, h, 
mean (SD)

1.6 (0.6) 1.6 (0.7) 0.53

Physical assessment
BMI, kg/m2, median (IQR) 24.8 (23.4–27.8) 27.4 (23.1–30.8) 0.17
Risk for malnutriti on (MNA ≤11) 30 (64) 15 (58) 0.61
Walking speed, m/s, median (IQR) 0.83 (0.76–1.03) 0.91 (0.79–1.03) 0.47
Chair rise ti me, s, median (IQR) 12.2 (9.7–14.3) 10.4 (9.5–12.7) 0.18
SPPB score, median (IQR) 11 (9–12) 12 (11–12) 0.13
Low walking speed 10 (21) 4 (15) 0.76
Low HGS (n=61) 21 (47) 6 (38) 0.53
Frail (Fried score  ≥3) (n=72) 2 (4) 0 (0) 0.54
Use of walking aid 2 (4) 3 (12) 0.34
SF-36 physical functi oning score, median 
(IQR)

90 (70–100) 90 (80–96) 0.70

Subjecti ve acti vity in hours per week, 
median (IQR)

10 (7.0–19.2) 14 (6.8–20.6) 0.34

Moti vati on for movement, median (IQR) 8 (7–8) 7 (7–8) 0.24
Moti vati on for prehabilitati on, median 
(IQR)

7 (5–8) 6.5 (4.8–7.3) 0.76

All values are reported as number and percentage unless otherwise indicated. Boldface data are 
stati sti cally signifi cant. If a variable has missing values, the number presented behind an outcome 
variable represents the number of pati ents included in this analysis.

Abbreviati ons: AJCC = American Joint Committ ee on Cancer; ASA = American Society of Anesthesiologists; 
BMI = body mass index; FIGO = Fédérati on Internati onale de Gynécologie et d’Obstétrique; h = hours; 
HGS = hand grip strength; IQR = interquarti le range; MNA = Mini Nutriti onal Assessment; SPPB = Short 
Physical Performance Batt ery; SD = standard deviati on; SF-36 = Short Form-36
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Postoperative outcomes

Table 5 shows the exploratory analysis for all postoperative outcomes, stratified by sedentary 
and non-sedentary patients. Sedentary behavior was not significantly associated with any of 
the postoperative outcomes.

Table 5. Exploratory analysis of postoperative outcomes of sedentary and non-sedentary patients 
based on accelerometry data

Variable Overall  
(n=73)

Sedentary 
(n=12)

Non-sedentary 
(n=61)

p-value

Overall complications 29 (40) 5 (42) 24 (39) 1.00

Severe complications 7 (10) 1 (8) 6 (10) 1.00

30-day mortality 3 (4) 1 (8) 2 (3) 0.42

Comprehensive Complication 
Index, median (IQR)

0 (0–20.9) 0 (0–27.4) 0 (0–20.9) 0.76

Discharge not to home (n=70) 4 (6) 1 (9) 3 (5) 0.50

Decline in subjective physical 
functioning ( ≥5 point decrease 
in SF-36 score) (n=70)

32 (46) 3 (27) 28 (48) 0.32

Decline in objective physical 
functioning ( ≥1 point decrease 
in SPPB score) (n=67)

22 (33) 3 (30) 19 (33) 1.00

Increase in physical impairment 
( ≥1 point increase in KATZ-ADL 
score) (n=70)

5 (7) 0 (0) 5 (9) 1.00

Length of stay, days, median 
(IQR) (n=70)

5.0 (2.0–6.5) 5.0 (3.0–6.0) 4.0 (2.0–7.0) 0.73

Subjective recovery, median 
(IQR) (n=70)

8 (8–9) 8 (7–9) 8 (8–9) 0.51

All values are reported as number and percentage unless otherwise indicated. Boldface data are 
statistically significant. If a variable has missing values, the number presented behind an outcome 
variable represents the number of patients included in this analysis.

Abbreviations: ADL = activities of daily living; IQR = interquartile range; SPPB = Short Physical 
Performance Battery; SD = standard deviation; SF-36 = Short Form-36
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Discussion
In this study, we used accelerometry to assess preoperati ve physical acti vity levels of older 
pati ents undergoing surgery for colorectal and gynecological cancer. Preoperati ve sedentary 
behavior was associated with increased risk of frailty and worse physical functi oning 
irrespecti ve of cancer type.

The least acti ve pati ents were non-sedentary on average 2.5 hours per day and spent less 
than one hour performing dynamic acti viti es. These pati ents were more oft en frail, scored 
worse on physical tests, had lower scores on the physical functi oning questi onnaire and were 
less moti vated to move or exercise. Previously, sedentary behavior has been linked to frailty 
in older adults149 and to worse health-related quality of life in CRC survivors146. Compared to 
the more acti ve pati ents, sedentary pati ents in this study did not have worse postoperati ve 
outcomes. This contrasts with two recent studies that compared postoperati ve outcomes 
between acti ve and inacti ve pati ents using wrist-worn pedometers. A daily step count of 
<5000 in adult pati ents150 or <2500 in pati ents >65 years of age151 undergoing colorectal 
surgery was associated with worse outcomes as compared to pati ents with a higher daily 
step count. In our study, sedentary pati ents spent on average 54 minutes per day performing 
dynamic acti viti es which likely corresponds to a step count that is higher than the thresholds 
observed in the previous studies. Furthermore, our study was exploratory in nature and 
the relati vely small sample size may have prevented us from detecti ng between-group 
diff erences. The fact that no diff erences between groups were found for declining SPPB 
and SF-36 scores may also be explained by worse baseline scores in the sedentary group. 
In additi on, a large proporti on of the gynecological pati ents underwent relati vely minor 
procedures with the associated low morbidity115. Lastly, non-sedentary pati ents had higher 
tumor stages and underwent open surgery more oft en which are associated with a higher 
risk of adverse outcomes, possibly confounding the associati on between acti vity levels and 
study outcomes. 

In a previous study in pati ents with CRC, prehabilitati on had the greatest eff ect in pati ents 
with poor baseline functi oning127. Currently, there is no consensus on what an exercise 
interventi on in prehabilitati on should consist of and the contents of prehabilitati on 
programs vary from 30 minutes of walking to supervised high intensity training with diff erent 
frequencies and durati ons.17 Results of a recent study suggest that older frail pati ents 
should reach 400 meters on the 6-minute-walking test to lower the risk for postoperati ve 
complicati ons.152 It should be determined if a specifi c training program is necessary or if 
increasing normal daily acti vity is enough to reach this goal. It would be interesti ng to use 
accelerometry to explore opti mal thresholds for minimum required acti vity or exercise to 
prevent postoperati ve complicati ons in a larger cohort of older oncological surgical pati ents. 
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Physically frail and sedentary patients may be ideal candidates for a prehabilitation program 
to improve their resilience for surgery. However, we showed that the most sedentary patients 
were also the least motivated to move, making prehabilitation challenging for them. Future 
studies should focus on what would make older, sedentary patients motivated to participate 
in a prehabilitation program.

Importantly, there were no differences regarding physical functioning, frailty characteristics 
or activity patterns between the gynecological and colorectal groups, implying that 
prehabilitation interventions do not necessarily need to be tailored differently between 
surgical specialties. Furthermore, besides a small baseline difference in SF-36 scores, 
physical frailty and baseline activity levels between female and male patients were 
also comparable. A certain volume of patients is needed for a care pathway such as 
prehabilitation to be efficient and cost-effective. The development and implementation 
of prehabilitation for different types of cancer surgery may be a waste of resources. A 
multidisciplinary prehabilitation program targeting sedentary, physically frail patients across 
surgical specialties may therefore be an effective solution. In any case, the risk profile of 
the surgery should be taken into account: prehabilitation may not be necessary for patients 
undergoing relatively minor procedures with a low baseline complication risk115 even in the 
presence of frailty.

Using a simple questionnaire to measure activity levels may seem like an appealing 
alternative to accelerometry. However, the two methods are not interchangeable. The 
correlation between accelerometry and activity questionnaires is modest at best.153 Whereas 
questionnaires are susceptible to recall and social desirability bias, accelerometry provides 
an objective and reproducible measure of physical activity154 and these properties can also 
be utilized during prehabilitation to set training targets. At the same time, questionnaires are 
less time-consuming and can provide valuable information on the type of physical activities 
performed whereas accelerometry cannot (yet) quantify this. Using accelerometry and 
questionnaires in tandem gives the most comprehensive view on physical activity patterns 
in older surgical patients. 

Strengths and limitations

The main strength of this prospective multicenter study was the objective measurement 
of physical activity levels in older oncological-surgical patients using accelerometry. Use of 
accelerometry is relatively new in the field of onco-geriatric medicine. To the best of our 
knowledge, this is the only study that has measured preoperative physical activity in older 
patients undergoing gynecologic oncological surgery, and one of the first in CRC surgery. 
Our results regarding sedentary and physical activity time were comparable to other 
studies in older adults using thigh-worn146 and wrist-worn accelerometry155. Secondly, we 
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were able to assess functi onal decline which is a highly relevant pati ent-reported outcome 
measurement.69 Importantly, despite the fact that complicati ons were prevalent in the study 
populati on, most pati ents stated having recovered well aft er an operati on which emphasizes 
the relevance of measuring pati ent-reported outcomes next to standard surgical parameters.

There are also some limitati ons to our study. Less than half of the potenti ally eligible pati ents 
were included, which hinders the generalizability of the conclusions. It is possible that 
the more inacti ve and frail pati ents declined to parti cipate in the study. Furthermore, the 
parti cipants in the study were a pre-selected group of pati ents who were already deemed 
fi t for surgery. This selecti on process may also explain the observed higher tumor stages 
in non-sedentary pati ents as frail pati ents may have more oft en undergone non-surgical 
therapy for more invasive tumors. It would be interesti ng to measure physical acti vity levels 
in pati ents who are not considered surgical candidates due to pati ent-related factors. There 
may be an opportunity to increase the physical resilience of these pati ents so that (curati ve) 
surgery becomes possible. In additi on, studies on lifestyle interventi ons are subject to 
the Hawthorne eff ect which pertains to parti cipants behaving diff erently when under 
observati on.156 Anecdotally, some pati ents reported having moved more knowing that they 
wore the accelerometer and exercising more knowing that they had reported this on the 
acti vity questi onnaire. This may have led to overesti mati on of the true dynamic acti vity ti me 
in the populati on. Finally, although we were able to measure acti vity levels during several 
days preoperati vely, this hecti c period may not be representati ve of long-term acti vity 
patt erns before cancer diagnosis.

Conclusions and implicati ons
In this prospecti ve multi center exploratory study in older colorectal and gynecological cancer 
pati ents undergoing surgery, preoperati ve accelerometry-measured sedentary behavior 
was associated with increased risk of frailty and worse physical functi oning irrespecti ve of 
cancer type. Developers of future prehabilitati on programs in all specialti es may profi t from 
these baseline data, since we demonstrated that characteristi cs of sedentary pati ents are 
similar across surgical specialti es. 
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