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Abstract
Purpose  This study examined the associations of device-measured moderate-to-vigorous physical activity (MVPA) and 
sedentary time as well as self-reported MVPA with health-related quality of life (HRQoL) in patients with localized renal 
cell cancer (RCC) in the recovery phase after surgery.
Methods  At 3 months post-surgery, 341 patients with stage I-III RCC participating in the ReLife study wore an ActivPAL3 
device to determine MVPA and sedentary time. The SQUASH questionnaire was used for assessing self-reported MVPA, 
and the EORTC QLQ-C30 for assessing HRQoL (range 0–100). Multivariable linear regression models were used to examine 
the cross-sectional associations of MVPA and sedentary time with HRQoL.
Results  The highest (≥ 6.7 h/week) versus lowest (≤ 2.7 h/week) quartile of MVPA was associated with a better global health 
status (β, 10.2; 95% CI, 5.1, 15.3), summary score (β, 4.6; 95% CI, 1.1, 8.1), physical (β, 7.7; 95% CI, 3.8, 11.6), role (β, 12.4; 
95% CI, 4.7, 20.2), and social functioning (β, 7.3; 95% CI, 0.2, 14.4), and lower fatigue (β, − 11.2; 95% CI, − 18.1, − 4.2). 
Results for self-reported MVPA were in the same direction but weaker. The lowest (≤ 8.8 h/day) versus highest (≥ 11.5 h/
day) quartile of sedentary time was associated with better physical functioning (β, 4.6; 95% CI, 0.8, 8.5).
Conclusions  In patients with localized RCC, higher MVPA 3 months post-surgery was associated with better HRQoL 
outcomes including less fatigue whereas lower sedentary time was only associated with better physical functioning. This 
information can contribute to the development of physical activity guidelines and interventions to improve HRQoL.
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Introduction

Kidney cancer is the 14th most common cancer worldwide 
and about 90% of patients with kidney cancer  are diag-
nosed with renal cell cancer (RCC) [1]. The majority of 
patients present with localized RCC, which is primarily 
treated with radical or partial nephrectomy [2]. In contrast 
to most of the other cancer types, radiotherapy, chemo-
therapy, and immunotherapy are usually not given since 
effectiveness has not been proven [2]. Overall health status 
including pain, gastrointestinal function, cognition, and 
activity  as well as physical  quality of life are reduced 
at 2 weeks after RCC surgery compared to before sur-
gery [3]. At 12 weeks after RCC surgery, about 70–80% 
of patients are likely to have fully recovered [3]. However, 
patients may still suffer from side effects such as irritabil-
ity, pain, worry, sleep disturbance, and fatigue [4]. These 
side effects may have an important impact on patients’ 
health-related quality of life (HRQoL) [5]. Thus, it is criti-
cal to investigate how HRQoL could be improved.

There is increasing evidence in cancer survivors that 
higher physical activity is associated with better HRQoL 
[6] while associations for sedentary time are inconsist-
ent [7]. According to the World Cancer Research Fund/
American Institute for Cancer Research (WCRF/AICR), 
cancer survivors should engage in at least 150 min/week 
of moderate-to-vigorous physical activity (MVPA) and 
minimize their sedentary time [8], similar to the recom-
mendations of the World Health Organization [9]. To 
date, only one cross-sectional study investigated the asso-
ciation of physical activity with HRQoL among patients 
with RCC [10]. Significant dose–response associations of 
MVPA with HRQoL were observed from completely sed-
entary to 150–290 min/week of MVPA, with no further 
improvements in HRQoL for ≥ 300 min/week of MVPA. 
However, physical activity and HRQoL were assessed on 
average 6 years after diagnosis, which does not reflect the 
recovery phase after surgery. Also, physical activity was 
self-reported instead of being objectively measured via 
an accelerometer. The correlation of self-reported with 
device-measured MVPA [11] and sedentary time [12] has 
been reported to be low, and self-reported physical activity 
measures often result in overestimation of MVPA [13] and 
underestimation of sedentary time [14]. Questionnaires 
and accelerometers measure different aspects of physical 
activity and sedentary time [11–14]. Device-measured 
physical activity may provide a better understanding of 
how MVPA and sedentary time are related to HRQoL in 
patients with localized RCC. This information is important 
since it may contribute to informing future physical activ-
ity guidelines and interventions to improve HRQoL in the 
first months after surgery.

The main aim of this study was to investigate the asso-
ciation of device-measured MVPA and sedentary time with 
HRQoL in patients with localized RCC at 3 months after 
surgery. In addition, we assessed the correlation and bias 
between self-reported and device-measured MVPA, as well 
as the association of self-reported MVPA with HRQoL, 
We hypothesized that higher MVPA and lower sedentary 
time are associated with better HRQoL. We further pos-
tulated that the correlation between device-measured and 
self-reported MVPA is low, but that associations for device-
measured and self-reported MVPA with HRQoL are similar.

Methods

Study design and population

The current cross-sectional analysis was performed using 
data from the Dutch multicenter cohort study ReLife (Renal 
Cell Cancer: Lifestyle, Prognosis, and Quality of Life) which 
has been described in detail elsewhere [15]. ReLife includes 
patients between the ages of 18 and 75 years who were newly 
diagnosed with a pathology-confirmed primary stage I, II, 
or III RCC tumor without lymph node or distant metastases 
and treated with surgery or ablation. Patients were recruited 
from January 2018 to June 2021 and requested to wear an 
accelerometer and to complete questionnaires at 3 months, 
1 year, and 2 years after surgery. For this analysis, only data 
collected at 3 months after surgery were used, reflecting the 
recovery phase after surgery. A total of 882 patients were 
invited, of whom 46 appeared to be ineligible (reasons: 
deceased (n = 1), invitation letter could not be delivered 
(n = 3), did not fulfill the inclusion criteria due to stage IV 
disease (n = 16), previous tumor within past 5 years (n = 10), 
no RCC (n = 6), no surgery (n = 7), other reasons (n = 3)). 
In total, 368 of the 836 eligible patients agreed to partici-
pate (response rate 44%) [15]. Relative to non-responders, 
participants were more likely to be female (23% vs. 30%) 
but were similar regarding age, tumor stage, tumor grade, 
tumor morphology, and type of treatment [15]. After the 
exclusion of participants who did not wear the accelerom-
eter at 3 months after surgery (n = 22), did not wear it for at 
least 3 consecutive days (n = 2), or did not complete the first 
questionnaire (n = 3), 341 participants were included in the 
current analysis. The study was in line with the principles of 
the Declaration of Helsinki. The study was approved by the 
Committee for Human Research region Arnhem-Nijmegen 
(CMO 2016–3078). Patients who agreed to participate pro-
vided written informed consent.
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Physical activity and sedentary behavior

Objective data on MVPA and sedentary time were collected 
using the validated ActivPAL3 accelerometer (PAL Technol-
ogies Ltd., Glasgow, UK) [16]. Patients attached the Activ-
PAL3 with a waterproof sleeve to the center of the right 
thigh 10 cm above the knee using Tegaderm film (Tegaderm, 
3 M Medical) according to written instructions. Participants 
were instructed to wear the activPAL3 for seven consecu-
tive days, 24 h per day. The raw acceleration data from the 
accelerometers was transferred to the associated activPAL 
software version 8. Subsequently, the data was transformed 
into analyzable data using a customized algorithm written 
in MATLAB R2018b (MathWorks. Natick, MA, USA) [17]. 
The time spent in MVPA was estimated by summing the 
time spent in cadences (i.e., steps per minute) of ≥ 100 and 
expressed as h/week [18]. Additionally, sedentary time was 
estimated by summing the time spent in sitting, lying, and 
reclining posture, excluding algorithm-based sleeping time, 
and expressed as hours/day.

Self-reported data on MVPA was derived from the vali-
dated short questionnaire to assess health-enhancing physi-
cal activity (SQUASH) [19]. The reference period was a 
normal week during the past 3 months. Participants reported 
the average time spent on commuting, work, household, 
and leisure-time activities (walking, cycling, gardening, 
odd jobs, and up to four sports). The weekly time spent on 
MVPA was calculated by summing all activities with a met-
abolic equivalent of task value ≥ 3, based on the Ainsworth 
compendium of physical activities [20].

Covariates

Socio-demographic and lifestyle factors were collected via 
paper-and-pencil- or web-based questionnaires, as previ-
ously described [15]. These factors included among others 
age, biological sex, educational level (categorized as low, 
intermediate, or high), body weight, height, and cigarette 
smoking status (never, former, current). Body mass index 
(BMI in kg/m2) was calculated by dividing self-reported 
body weight by height squared and categorized accord-
ing to the WHO classification [21] into underweight 
(BMI < 18.50), normal weight (BMI 18.50–24.99), over-
weight (BMI 25.00–29.99), and obesity (BMI ≥ 30.00). 
Information on 14 comorbidities was collected using an 
adapted version of the comorbidity questionnaire [22], and 
categorized as having 0, 1, or ≥ 2 comorbidities. Information 
on having any difficulties with walking in the previous week 
was also obtained by questionnaire and defined as mobil-
ity limitation (no, yes). Clinical factors were retrieved from 
the medical records by data managers of the Netherlands 
Comprehensive Cancer Organisation (IKNL) and included 
clinical and post-surgical TNM stage, tumor grade, type of 

surgery or ablation, and postoperative grade ≥ 2 complica-
tions graded using the Clavien-Dindo classification [23].

Health‑related quality of life

Data on HRQoL was acquired using the validated cancer-
specific European Organization for the Research and Treat-
ment of Cancer Quality of Life Questionnaire-Core 30 
(EORTC QLQ-C30, version 3.0) [24]. The EORTC QLQ-
C30 includes five functioning scales (i.e., physical, role, 
emotional, cognitive, social), three symptom scales (i.e., 
fatigue, nausea/vomiting, and pain), six single items (i.e., 
dyspnea, insomnia, loss of appetite, constipation, diarrhea, 
and financial difficulties), all scored from 1 (not at all) to 4 
(very much), and a global health status scale ranging from 1 
(very poor) to 7 (excellent). A summary score was calculated 
using all scales except global quality of life and financial dif-
ficulties [25]. All scales were linearly transformed to 0–100 
scales. Higher scores indicated better HRQoL, except for 
the symptom scales and single items where higher scores 
implied worse HRQoL. The current analysis was focused on 
global health status, the five functioning scales, the summary 
score, and fatigue, since these were considered most likely to 
be influenced by MVPA and sedentary time [6].

Statistical analysis

Descriptive characteristics were calculated for the total study 
population and stratified by device-measured MVPA and 
sedentary time quartiles, respectively. Spearman’s correla-
tion coefficient was calculated to assess convergent validity, 
i.e., the degree to which device-measured and self-reported 
MVPA are related. A Bland–Altman plot was used to evalu-
ate bias, with 95% limits of agreement for the total error 
between the two methods. Agreement on classifying par-
ticipants as adhering (≥ 150 min/week) and non-adhering 
(< 150 min MVPA/week) to the WCRF/AICR physical 
activity guidelines [8] was assessed using Cohen’s Kappa 
statistic.

To examine the association of device-measured and self-
reported MVPA and device-measured sedentary time with 
HRQoL, MVPA and sedentary time were analyzed as quar-
tiles and as continuous variables. In addition, adherence to 
the WCRF/AICR physical activity guidelines was examined. 
Multivariable linear regression models were constructed to 
estimate regression coefficients (β) and corresponding 95% 
confidence intervals (CIs). The least beneficial group (i.e., 
low MVPA or high sedentary time) was used as the refer-
ence. All models were adjusted for age, sex, BMI, comor-
bidities, tumor stage, smoking status, education level, and 
mobility limitation. These variables were selected a priori 
based on literature [7, 10, 26]. Furthermore, models for 
device-measured MVPA and sedentary time were mutually 
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adjusted. Multicollinearity was investigated but none was 
found. The clinical relevance of the differences in HRQoL 
scales was assessed using the guidelines for cross-sectional 
differences, published by Cocks et al. [27].

R version 4.1.3 (R Foundation for Statistical Computing, 
Vienna, Austria) was used for all calculations and analyses. 
P-values < 0.05 were considered statistically significant.

Results

Participant characteristics

The study population predominantly consisted of males 
(71.3%) and had a mean age of 62.8 (SD 8.9) years (Table 1). 
The majority of participants were overweight or obese 
(69.3%), had stage I RCC (64.6%), were treated with radical 
nephrectomy (57.8%), and reported at least two comorbidi-
ties (61.7%). Participants with the lowest (versus highest) 
device-measured MVPA and participants with the highest 
(versus lowest) sedentary time more frequently reported to 
be male, to have a higher BMI, and to be current smok-
ers. Also, they are more frequently reported to have two or 
more comorbidities, a grade 2 or higher complication, and 
a mobility limitation.

Descriptive statistics for the device-measured MVPA 
and sedentary time data and HRQoL measures are shown in 
Table 2. The device and questionnaire data were collected 
on average 101 (SD 29) and 99 (SD 30) days after surgery, 
respectively. Mean wearing time was 6 (SD 0.6) days, and 
mean time spent on MVPA and sedentary time was 4.8 (SD 
2.9) h/week and 10.1 (SD 1.7) h/day, respectively. The mean 
self-reported MVPA was 12.7 (SD 11.1) h/week. Adher-
ence to the WCRF/AICR recommendations was 77% for 
device-measured MVPA, while it was 88% for self-reported 
MVPA. The convergent validity of self-reported MVPA and 
device-measured MVPA was weak (Spearman’s Rho = 0.19). 
Bland–Altman analysis showed that self-reported MVPA 
assessed by SQUASH was systematically higher when 
compared to device-measured MVPA assessed by Activ-
PAL with a mean difference of 7.91 ± 10.97 h/week, and 
the 95% limits of agreement ranging between − 13.59 and 
29.41 h/week (Fig. 1). Agreement on classifying participants 
as meeting the WCRF/AICR recommendations on MVPA 
using these methods (kappa = 0.01) was poor.

MVPA and HRQoL

The highest (≥ 6.7  h/week) versus the lowest quartile 
(≤ 2.7 h/week) of device-measured MVPA was significantly 
associated with better HRQoL scores for global health status 
(β, 10.2; 95% CI, 5.1, 15.3), physical (β, 7.7; 95% CI, 3.8, 
11.6), role (β, 12.4; 95% CI, 4.7, 20.2), and social (β, 7.3; 

95% CI, 0.2, 14.4) functioning, and the summary score (β, 
4.6; 95% CI, 1.1, 8.1), and with lower fatigue (β, − 11.2; 95% 
CI, − 18.1, − 4.2) (Table 3). These differences were of small 
clinical relevance, except for the difference in global health 
status which was of medium clinical relevance [27]. Most 
second and third quartiles of MVPA were also associated 
with better scores on the same HRQoL domains, but effect 
estimates were smaller. Individuals adhering to the WCRF/
AICR recommendations of 150 min/week MVPA com-
pared to those not adhering had significantly better HRQoL 
scores for the same outcomes, except for social functioning 
(Table 3).

For the highest (≥ 17.0 h/week) versus the lowest quartile 
(≤ 2.7 h/week) of self-reported MVPA, similar associations 
were found for global health status (β, 5.2; 95% CI, 0.5, 
10.0), physical (β, 8.4; 95% CI, 4.8, 11.9), and role (β 9.4; 
95% CI, 2.4, 16.5) functioning. Associations for social func-
tioning, the summary score, and fatigue were in the same 
direction but not statistically significant (Table 3).

Sedentary time and HRQoL

The lowest (≤ 8.8 h/day; β, 4.6; 95% CI, 0.8, 8.5) and second 
(8.8–10.2 h/day; β, 3.8; 95% CI, 0.2, 7.4) versus the high-
est quartile (≥ 11.5 h/day) of sedentary time was associated 
with better physical functioning (Table 3). Differences were 
below the 5-point threshold for a small clinically relevant 
difference. No significant associations between sedentary 
time and the other HRQoL domains were observed.

Discussion

In this cross-sectional study, we investigated the association 
between device-measured MVPA and sedentary time and 
self-reported MVPA with HRQoL at 3 months after sur-
gery in patients with localized RCC. Higher device-meas-
ured MVPA and meeting the WCRF/AICR physical activity 
recommendations were significantly associated with better 
global quality of life, physical, role, and social function-
ing, and the summary score, and with less fatigue. Associa-
tions for self-reported MVPA were in the same direction but 
weaker. Lower sedentary time was significantly associated 
with better physical functioning but not with other domains 
of HRQoL.

We found that higher device-measured MVPA was 
associated with higher scores on several HRQoL domains 
including less fatigue. Patients with localized RCC are an 
understudied population with respect to MVPA and seden-
tary time in relation to HRQoL including fatigue. Although 
primary treatment mainly involves surgery, patients’ HRQoL 
can still be affected by side effects [4]. Indeed, HRQoL lev-
els in our study were lower and fatigue levels were higher 
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Table 1   Descriptive characteristics for the total study population of patients with localized RCC and by quartiles of device-measured moderate-
to-vigorous activity (MVPA) and sedentary time

a Including 1 patient with underweight (BMI < 18.5 kg/m2)

MVPA quartiles (h/week) Sedentary time quartiles (h/day)

Total 0–2.7 2.8–4.2 4.2–6.7  ≥ 6.7  ≥ 11.4 10.2–11.4 8.8–10.2 0–8.8

Number of participants, n 341 85 85 85 86 86 85 85 85
Age (years), mean (SD) 62.8 (8.9) 66.5 (6.5) 61.4 (9.3) 62.0 (10.6) 61.4 (7.7) 62.9 (8.7) 64.7 (8.4) 61.4 (9.0) 62.2 (9.1)
Gender (male), n (%) 243 (71.3%) 65 (76.5%) 58 (68.2%) 60 (70.6%) 60 (69.8%) 68 (79.1%) 66 (77.6%) 61 (71.8%) 48 (56.5%)
Body mass index (kg/m2), 

mean (SD)
27.5 (4.6) 28.9 (5.2) 27.8 (4.4) 27.3 (4.7) 25.9 (3.5) 28.6 (4.8) 27.8 (4.5) 27.3 (4.4) 26.2 (4.4)

Body mass index catego-
ries (kg/m2), n (%)
  < 25a 104 (30.5%) 14 (16.5%) 27 (31.8%) 27 (31.8%) 36 (41.9%) 16 (18.6%) 25 (29.4%) 28 (32.9%) 35 (41.2%)
  25–30 156 (45.7%) 39 (45.9%) 38 (44.7%) 42 (49.4%) 37 (43.0%) 43 (50.0%) 36 (42.4%) 42 (49.4%) 35 (41.2%)
   ≥ 30 81 (23.8%) 32 (37.6%) 20 (23.5%) 16 (18.8%) 13 (15.1%) 27 (31.4%) 24 (28.2%) 15 (17.6%) 15 (17.6%)

Education, n (%)
  Low 139 (40.8%) 40 (47.1%) 34 (40.0%) 35 (41.2%) 30 (34.9%) 37 (43.0%) 27 (31.8%) 29 (34.1%) 46 (54.1%)
  Medium 109 (32.0%) 26 (30.6%) 25 (29.4%) 29 (34.1%) 29 (33.7%) 26 (30.2%) 24 (28.2%) 34 (40.0%) 25 (29.4%)
  High 93 (27.3%) 19 (22.4%) 26 (30.6%) 21 (24.7%) 27 (31.4%) 23 (26.7%) 34 (40.0%) 22 (25.9%) 14 (16.5%)

Cigarette smoking status, 
n (%)
  Never 129 (37.8%) 17 (20.0%) 40 (47.1%) 44 (51.8%) 28 (32.6%) 35 (40.7%) 30 (35.3%) 29 (34.1%) 35 (41.2%)
  Former 170 (49.9%) 50 (58.8%) 30 (35.3%) 37 (43.5%) 53 (61.6%) 34 (39.5%) 46 (54.1%) 46 (54.1%) 44 (51.8%)
  Current 42 (12.3%) 18 (21.2%) 15 (17.6%) 4 (4.7%) 5 (5.8%) 17 (19.8%) 9 (10.6%) 10 (11.8%) 6 (7.1%)

Comorbidities, n (%)
  0 51 (15.0%) 7 (8.2%) 15 (17.6%) 16 (18.8%) 13 (15.1%) 8 (9.3%) 7 (8.2%) 18 (21.2%) 18 (21.2%)
  1 80 (23.5%) 19 (22.4%) 22 (25.9%) 20 (23.5%) 19 (22.1%) 23 (26.7%) 23 (27.1%) 17 (20.0%) 17 (20.0%)
  ≥ 2 210 (61.6%) 59 (69.4%) 48 (56.5%) 49 (57.6%) 54 (62.8%) 55 (64.0%) 55 (64.7%) 50 (58.8%) 50 (58.8%)

Tumor stage, n (%)
  I 220 (64.5%) 49 (57.6%) 58 (68.2%) 62 (72.9%) 51 (59.3%) 57 (66.3%) 51 (60.0%) 53 (62.4%) 59 (69.4%)
  II 53 (15.5%) 17 (20.0%) 11 (12.9%) 7 (8.2%) 18 (20.9%) 9 (10.5%) 17 (20.0%) 14 (16.5%) 13 (15.3%)
  III 68 (19.9%) 19 (22.4%) 16 (18.8%) 16 (18.8%) 17 (19.8%) 20 (23.3%) 17 (20.0%) 18 (21.2%) 13 (15.3%)

Tumor grade, n (%)
  1 44 (14.5%) 13 (16.5%) 9 (12.0%) 14 (17.9%) 8 (11.1%) 12 (15.0%) 8 (10.1%) 14 (19.2%) 10 (13.9%)
  2 174 (57.2%) 46 (58.2%) 48 (64.0%) 44 (56.4%) 36 (50.0%) 48 (60.0%) 43 (54.4%) 36 (49.3%) 47 (65.3%)
  3 66 (21.7%) 16 (20.3%) 14 (18.7%) 16 (20.5%) 20 (27.8%) 18 (22.5%) 22 (27.8%) 18 (24.7%) 8 (11.1%)
  4 20 (6.6%) 4 (5.1%) 4 (5.3%) 4 (5.1%) 8 (11.1%) 2 (2.5%) 6 (7.6%) 5 (6.8%) 7 (9.7%)
  Missing 37 6 10 7 14 6 6 12 13

Type of surgery, n (%)
  Radical nephrectomy 197 (57.8%) 58 (68.2%) 46 (54.1%) 42 (49.4%) 51 (59.3%) 45 (52.3%) 58 (68.2%) 51 (60.0%) 43 (50.6%)
  Partial nephrectomy 140 (41.1%) 24 (28.2%) 39 (45.9%) 43 (50.6%) 34 (39.5%) 38 (44.2%) 26 (30.6%) 34 (40.0%) 42 (49.4%)
  Other 4 (1.2%) 3 (2.6%) 0 (0.0%) 0 (0.0%) 1 (2.6%) 3 (2.6%) 1 (1.2%) 0 (0.0%) 0 (0.0%)

Grade ≥ 2 postoperative 
complication, n (%)

64 (18.8%) 23 (27.1%) 13 (15.3%) 14 (16.5%) 14 (16.3%) 17 (19.8%) 16 (18.8%) 19 (22.4%) 12 (14.1%)

MVPA (h/week), mean 
(SD)

4.8 (2.9) 1.8 (0.7) 3.5 (0.5) 5.1 (0.6) 9.0 (2.1) 3.4 (2.2) 4.7 (2.7) 5.0 (2.6) 6.2 (3.3)

Sedentary time (h/day), 
mean (SD)

10.1 (1.7) 10.9 (1.8) 10.5 (1.6) 9.8 (1.4) 9.3 (1.7) 12.3 (0.8) 10.7 (0.3) 9.6 (0.4) 7.9 (0.9)

Mobility limitation, n (%)
  No 252 (73.9%) 45 (52.9%) 62 (72.9%) 73 (85.9%) 72 (83.7%) 61 (70.9%) 64 (75.3%) 60 (70.6%) 67 (78.8%)
  Yes 89 (25.5%) 40 (47.1%) 23 (27.1%) 12 (14.1%) 14 (16.3%) 25 (29.1%) 21 (24.7%) 25 (29.4%) 18 (21.2%)
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compared to published values of a Dutch normative popula-
tion [28]. The results of studies conducted on other cancer 
survivors were mixed. For example, some studies in patients 
with breast, prostate, or lung cancer showed no clear asso-
ciations of device-measured MVPA with HRQoL or fatigue 
[29–31] while other studies in patients with breast and colo-
rectal cancer showed similar associations as in our study 
[32–35]. These mixed results may be explained by differ-
ences in patient characteristics, cancer type, stage, and (tim-
ing after) treatment.

We showed that lower device-measured sedentary time 
was only associated with higher physical functioning and 
not with other HRQoL outcomes or fatigue. A system-
atic review on sedentary time and health outcomes among 

cancer survivors including ten studies with data on device-
measured sedentary time and HRQoL or fatigue did not 
support a clear association either [7]. Only four cross-sec-
tional studies among patients with breast [29], colorectal 
[36], lung cancer [31], or mixed cancers [37] found an 
association of sedentary time with HRQoL [31], physical 
functioning [31, 36], or fatigue [29, 31, 36]. These primar-
ily null observations have been suggested to be due to the 
high HRQoL and the low fatigue levels in the included 
study populations [7]. However, three more recent studies 
among breast [34, 35] and colorectal survivors [38] did 
observe an association of higher sedentary time with lower 
HRQoL and/or higher fatigue outcomes.

Table 2   Descriptive statistics 
for ActivPal-measured physical 
activity, sedentary time, and 
health-related quality of life of 
patients with localized RCC​

Variable Mean (SD) Median (IQR)

Physical activity and sedentary behavior
  Time between treatment and ActivPal measurement, days 101 (29) 94 (86, 105)
  ActivPal valid days 6.0 (0.6) 6 (6, 6)
  ActivPal valid week days 4.4 (0.6) 4 (4,5)
  ActivPal valid weekend days 1.6 (0.5) 2 (1, 2)
  Moderate-to-vigorous physical activity, h/week 4.8 (2.9) 4.2 (2.7, 6.4)
  Sedentary time, h/day 10.1 (1.7) 10.2 (8.8, 11.4)

Health-related quality of life and fatigue
  Time between treatment and questionnaire, days 99 (30) 91 (84, 102)
  Global quality of life 76.5 (17.3) 79.2 (66.7, 83.3)
  Physical functioning 87.1 (14.6) 93.3 (80.0, 100)
  Role functioning 80.6 (26.3) 100 (66.7, 100)
  Emotional functioning 84.0 (18.9) 75 (66.7, 91.7)
  Cognitive functioning 85.6 (20.1) 100 (83.3, 100)
  Social functioning 83.7 (22.1) 100 (66.7, 100)
  QLQ C-30 summary score 86.2 (12.0) 89.7 (79.4, 95.5)
  Fatigue 26.5 (22.3) 22.2 (11.1, 33.3)

Fig. 1   Bland–Altman plot for 
the agreement of moderate-to-
vigorous physical activity of 
SQUASH and ActivPal. The 
dashed red line represents the 
mean bias (7.91, SD = 10.97 h/
week), the dashed blue lines the 
upper (29.41 h/week) and lower 
(− 13.59 h/week) 95% limit of 
agreement, and the solid line 
perfect agreement
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The convergent validity between device-measured and 
self-reported MVPA in our study was low and the bias 
was high, as also described in previous studies compar-
ing device-measured and self-reported physical activity in 
adults [11, 13, 39]. This can be explained by the fact that 
both measures capture different aspects of physical activity 
as well as by recall and social desirability bias inherent to 
self-report [11, 13]. Despite this low correlation, we found 
that associations with HRQoL were in the same direction 
but slightly stronger for device-measured compared to self-
reported MVPA, underscoring the robustness of our find-
ings. Interestingly, a study among 1348 survivors of breast, 
prostate, and colorectal cancer also found similar associa-
tions for device-measured and self-reported MVPA with 
fatigue while only self-reported MVPA was found to be 
associated with HRQoL [40].

Our results for self-reported MVPA are consistent with 
findings from one previous cross-sectional study among 
463 Canadian patients with RCC reporting an associa-
tion between self-reported physical activity and HRQoL 
at 6 years after diagnosis [10]. In contrast to our study, 
only 26% of patients reported to be moderately to vigor-
ously active for at least 150 min/week. Numerous cross-
sectional studies in other cancer populations also reported 
associations between higher self-reported MVPA with better 
HRQoL outcomes [41–43].

According to the guidelines for the interpretation of the 
EORTC QLQ-C30 effect estimates [27], the mean differ-
ences for HRQoL outcomes between the highest vs. lowest 
quartiles of device-measured and self-reported MVPA were 
of small clinical relevance, which is considered subtle but 
nevertheless clinically relevant [27]. A medium clinically 
relevant difference, considered likely to be clinically rel-
evant [27], was only found for device-measured MVPA and 
global quality of life. These results are in line with an obser-
vational study among patients with breast cancer showing 
small effect sizes for device-measured MVPA and HRQoL 
and fatigue 3 months after surgery before the start of adju-
vant therapy [35].

Although our results indicate that more than three quar-
ters of our study population adhered to the WCRF/AICR 
recommendations for cancer prevention to engage in at least 
150 min/week of MVPA, there is still room for improve-
ment. It is currently unclear whether the relation of MVPA 
with HRQoL and fatigue is causal as patients may also have 
less MVPA because of a lower HRQoL or more fatigue (i.e. 
reverse causality). Thus, based on our results we can only 
suggest that increasing MVPA might be an intervention tar-
get to improve HRQoL and reduce fatigue in patients with 
localized RCC after surgery. Future longitudinal studies and 
intervention studies should be conducted to obtain better 
insight into the causality of our observed associations. Until 
more evidence becomes available, following the WCRF/

AICR recommendations to engage in at least 150 min/week 
of MVPA and to minimize the sedentary time is advisable, 
also because of the potential beneficial effects on other 
health outcomes.

This study had several strengths. To the best of our 
knowledge, this is the first study to investigate the associa-
tion between device-measured MVPA and sedentary time in 
patients with localized RCC. The validated activPAL3 moni-
tors, which are a highly accurate and valid tool for measur-
ing sedentary, standing, and stepping time [16], were worn 
for 24 h/day for an average of 6 days, providing an accurate 
reflection of MVPA and sedentary time during the post-
surgery recovery phase. Also, extensive data on potential 
confounders, such as BMI, smoking, and mobility limitation, 
were collected and taken into account in the analyses.

There are also limitations to consider. First, our cross-
sectional study design limits the ability to draw conclusions 
regarding causality, and we need to be aware that findings 
may also be explained by reverse causality. Second, the use 
of activPAL3 accelerometers to calculate MVPA does not 
account for physical activity other than stepping movements. 
As a result, not all movements (e.g., upper body movements; 
push and pull exercises which are frequently performed dur-
ing fitness) were captured in the total time spent in MVPA. 
Future studies might benefit from combining thigh-worn 
accelerometers with chest-mounted tri-axial accelerometers 
measuring free weight exercises [44]. Third, the activPAL3 
monitor does not provide information on the context within 
which physical activity and sedentary behavior are occur-
ring. Different domains of physical activity (e.g. commut-
ing, recreational, sports) [45] but possibly also sedentary 
behavior (e.g. office work, watching television) may be 
differently related to HRQoL, and accelerometers cannot 
take this context into account. Fourth, the response rate in 
our study was 44% and we cannot rule out that healthier 
patients or those with a healthier lifestyle were more likely 
to participate, also because activity levels in our population 
were relatively high. This may affect the generalizability of 
our findings. However, except for being slightly more likely 
to be female, participants of this study were comparable to 
invited non-participants with respect to age, tumor stage, 
tumor grade, morphology, and type of treatment while other 
(lifestyle-related) characteristics of non-participants were 
not available [15]. Lastly, residual confounding by unmeas-
ured factors cannot be excluded.

In conclusion, both higher device-measured and self-
reported MVPA were independently associated with signifi-
cantly better HRQoL outcomes including less fatigue among 
patients with localized RCC, with differences being of small 
clinical relevance. Lower sedentary time was only associated 
with better physical functioning. Our findings add to the cur-
rent evidence that advice on increasing MVPA may also be 
effective for patients with localized RCC to improve HRQoL 
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including fatigue outcomes while decreasing sedentary time 
seems less relevant. Future longitudinal studies and interven-
tion studies should provide insight into whether the observed 
associations are causal. This information can contribute to 
the development of targeted MVPA guidelines and interven-
tions to improve health outcomes in this patient group.
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