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Research Article

Introduction

Cancer incidence and mortality are increasing and lung can-
cer is the most common cause of cancer death worldwide.1 
Around 85% of lung cancer occurring in the U.K. is non-
small cell lung cancer (NSCLC) and of these 9% to 17% 
undergo surgical resection, according to the preoperative 
level of fitness for surgical intervention.2 Anatomical sur-
gical resection with lymph node sampling remains the 
intervention of choice for stage I and II NSCLC, with a 
video-assisted approach preferred to open thoracotomy.3 
Reflecting trends in the general population, patients  
undergoing anatomical lung resection for NSCLC tend to 
be older and suffer from significant cardio-pulmonary  

co-morbidities.4 Physical performance status is a widely 
accepted clinical parameter used by clinicians to assess fit-
ness for surgery and to risk stratify patients preoperatively. 
It is one of many parameters, including pulmonary function 
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Abstract
Objectives: To assess whether preoperative levels of physical activity predict the incidence of post-operative complications 
following anatomical lung resection.
Methods: Levels of physical activity (daily steps) were measured for 15 consecutive days using pedometers in 90 
consecutive patients (prior to admission). Outcomes measured were cardiac and respiratory complications, length of stay, 
and 30-day re-admission rate.
Results: A total of 78 patients’ datasets were analysed (12 patients were excluded due to non-compliance). Based on steps 
performed they were divided into quartiles; 1 (low physical activity) to 4 (high physical activity). There were no significant 
differences in age, smoking history, COPD, BMI, percentage predicted FEV1 and KCO and cardiovascular risk factors 
between the groups. There were significantly fewer total complications in quartiles 3 and 4 (high physical activity) compared 
to quartiles 1 and 2 (low physical activity) (8 vs 22; P = .01). There was a trend (P > .05) towards shorter hospital length of 
stay in quartiles 3 and 4 (median values of 4 and 5 days, respectively) compared to quartiles 1 and 2 (6 days for both groups).
Conclusions: Preoperative physical activity can help to predict postoperative outcome and can be used to stratify risk 
of postoperative complications and to monitor impact of preoperative interventions, ultimately improving short term 
outcomes.
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test, echocardiogram, and cardiovascular comorbidities, 
which contribute to the preoperative assessment. In gen-
eral, a poor physical performance status is associated with 
poor outcomes both with chemotherapy and surgery, as 
reflected also in the guidelines for radical management of 
patients with lung cancer.5 Sargent et al6 demonstrated how 
patients with poorer physical performance status undergo-
ing chemotherapy for colorectal cancer show an increased 
risk of toxicities and mortality. Similar to these findings, 
Benzo et  al.19 found that exercise capacity (expressed as 
maximal oxygen consumption) as an indirect measurement 
of performance status predicts postoperative cardiopulmo-
nary complications after surgical resection in lung cancer 
patients. Several other studies7-9 indicated that the pre
operative physiologic assessment in patients considered 
for lung resection is essential for identifying patients at 
increased risk of complications. In order to identify patients 
at higher risk of postoperative complications, Brunelli 
et  al.23 suggested to systematically evaluate the physical 
performance before lung cancer resection through the  
stair-climbing test or the shuttle walk test. Alternatively, 
the Eastern Cooperative Oncology Group/World Health 
Organization (ECOG/WHO) Performance Status Scale and 
the Karnofsky Performance Status Scale have previously 
been proposed and currently used as simple methods to 
assess the functional status of a patient.10 However, these 
scales are subjective, also affected by a high inter-observer 
variability.10

A recent review focused on currently measures of physi-
cal activity showed that objective measures demonstrate 
less variability in properties of methodological effective-
ness than self-reported measures.11 Kelly and Shahrokni10 
have recently proposed the use of electronic activity moni-
toring systems (ie, wearable devices that objectively mea-
sure functional activity and can provide feedback to elicit 
self-monitoring of activity behavior) such as accelerome-
ters, heart rate monitors, and pedometers to provide a better 
objective and accurate measurement of the functional per-
formance in cancer patients. A recent study confirmed that 
daily step counts can predict clinical outcomes in patients 
treated with chemoradiation therapy for locally advanced 
non-small cell lung cancer.12 Furthermore, it has been docu-
mented that the preoperative level of physical activity pre-
dicted postoperative complications after colorectal cancer 
surgery13 and was also associated with a reduction in sick-
leave after radical prostatectomy.14 However, only few ran-
domized controlled trials evaluated whether preoperative 
physical activity can be used to predict postoperative com-
plications after lung cancer resection.15 Although the results 
of these studies showed that preoperative exercise training 
may reduce postoperative length of hospital stay and the 
risk of developing a postoperative pulmonary complication, 
the level of evidence is still low and the number of patients 
enrolled is quite small.15

The aim of the present study is to determine in a large 
group of NSCLC patients the relationship between the pre-
operative physical activity level, objectivized by pedometer-
recorded daily steps measurement, and the postoperative 
post-operative pulmonary and cardiac complications, fol-
lowing lung cancer resection.

Materials and Methods

Patients

Ninety consecutive patients undergoing anatomical lung 
resection for NSCLC at a single center from December 
2015 to October 2017 were recruited. Patients who had sur-
gery for benign disease were excluded. Patients with severe 
physical restrictions due to osteoarthritis or severe rheuma-
tologic disease were excluded All underwent either Video 
Assisted Thorascopic Surgery (VATS) or thoracotomy.

All patients received a detailed explanation of the study 
and gave written informed consent prior to participation. 
The study conformed to the guidelines in the Declaration of 
Helsinki and was approved by the local ethics committee as 
a service evaluation project (Audit No. 5801).

Preoperative Physical Activity Assessment

All patients were instructed to wear a pedometer (3D 
TriSport, Realalt, London, UK) day and night for 15 days 
prior to the planned day of hospital admission. This pedom-
eter was utilized considering the accuracy, the cost of the 
device and the light weight specified by the factory. This 
device was not used in any other previous studies. All 
patients were counseled, as routinely done in our unit pre-
operatively, regarding the importance of regular exercise 
and smoking cessation and encouraged to maximize their 
physical activity. Specifically they were asked to take a 
walk twice a day and to increase the distance walked each 
day. They were also issued a written copy of routine breath-
ing exercises, however neither specific preoperative reha-
bilitation plans nor physiotherapy input was provided.

Data Collection Process

Physical activity data were collected for the 15 days prior to 
admission, over separate 24-hour interval periods. Average 
number of daily steps over 2 weeks was analysed.

Preoperative patients’ characteristics were recorded 
including gender, age, smoking history, history of COPD, 
cardiovascular disease, location of the tumor, and perfor-
mance status according to the ECOG scale.10 Spirometry 
with gas transfer factors was also performed on all patients 
preoperatively and forced expiratory volume in 1 sec 
(FEV1), forced vital capacity (FVC) and transfer factor 
(TLCO) data were recorded.
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Primary Outcomes

Patients were examined for post-operative complications 
and for 30 days re-admission rate. Complications were sub-
divided into respiratory and cardiac. Respiratory complica-
tions were identified by one or more of the following: chest 
X-ray or CT findings suggestive of lung consolidation or 
collapse; pneumonia characterized by chest X-ray or CT 
changes and a rise in inflammatory markers; respiratory 
failure with evidence of hypoxia on arterial blood gas anal-
ysis; requirement for invasive or non-invasive ventilation 
based on an acidemia on blood gas (pH<7.35), hypoxia 
(PaO2<8) despite maximal oxygen therapy, or hypercapnia 
respiratory failure (PaCO2>6kPa).

Cardiac complications including arrhythmias such as 
atrial fibrillation and flutter as well as acute ischemic events, 
represented by a rise in serial troponins were recorded.

Secondary Outcomes

Secondary outcomes included length of hospital stay and 
length of chest tube drainage. Prolonged air leak more than 
5 days was also evaluated.

Statistical Analysis

Data were reported as absolute number and percentage or as 
mean and standard deviation (SD), unless otherwise specified. 
Patients were split into quartiles of physical activity based on 
the average number of steps taken per day. All potential prog-
nostic indices were measured at the time of surgery and evalu-
ated as categorical variables. Continuous data were reported 
with medians and ranges, while categorical data were reported 
with counts and percentages. Differences between patient 
groups were analyzed with Chi square test or two-tailed T-test 
when appropriate. Variables with a P < .1 were included in 
the multivariate analysis. Probability values <.05 were con-
sidered statistically significant. All analyses were conducted 
using the SPSS (SPSS Inc., USA) software package.

Results

Seventy-eight patients were eligible for the analysis (12 
patients were excluded due to non-compliance, because they 
did not wear the pedometer every day for 14 days: Figure 1): 
42 patients (45%) were male and 67 patients (86%) had  
a smoking history, with an average of 29 pack years.  
Pre-operative assessment defined a total of 23 respiratory 
co-morbidities (ie, presence of COPD) and 39 cardiac co-
morbidities (ie, hypertension, history of cardiovascular dis-
ease or atrial fibrillation).

Physical Activity Levels

There was a mean of 3888 steps taken per day (median per 
day: 3354 steps, range 124-12 125 steps) during the 2 weeks 

before hospital admission. Twenty one patients (27%) 
achieved an average over 5000 steps/day with 4 patients 
achieving more than 10 000 steps/day. Patients were divided 
into 4 quartiles based on the number of daily steps taken 
based on the median and the 25% quartile (Figure 2). The 
first quartile (n = 20 patients) performed an average of 967 
(SD±656) steps per day, the second (n = 19 patients) 2672 
(SD±656) steps/day, the third (n = 19 patients) 4196 
(SD±528) steps/day, and the fourth (n = 20 patients) 7673 
(SD±2047) steps/day.

The 4 subgroups of patients showed comparable preop-
erative characteristics, including the ECOG performance 
status score, and comparable operative characteristics, 
including pathological stage (Table 1).

Primary Outcomes

There were a total of 34 (43.6%) post-operative complica-
tions, of which 23 respiratory (ie, prolonged air leak or 

Figure 1.  Patient enrollment flowchart and division into 4 
groups according to the preoperative physical activity levels.

Figure 2.  Bar chart displaying average daily steps by each subject. 
Quartiles of physical activity are delineated by different colors.
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chest infection), 17 out of 23 in the low physical activity 
groups (Table 2).

There were significantly fewer post-operative cardio-
respiraroty complications when comparing quartiles 3 
and 4 (high physical activity groups) to quartiles 1 and 2 
(low physical activity groups) (9 vs 21, P = .0008). 
Respiratory and cardiovascular complications were then 
analyzed separately. When comparing quartiles 3 and 4 
(high physical activity groups) to quartiles 1 and 2 (low 

physical activity groups) 15.4% (n = 6) of patients ver-
sus 42.1% (n = 17) of patients had respiratory complica-
tions (P = .009). Specifically the pneumonia/lung 
atelectasis rate was 7.7% (n = 3) versus 32.4% (n = 12) 
respectively in the 2 subgroups (P = .008). The rate of 
cardiovascular complications in quartiles 3 and 4 (high 
physical activity groups) to quartiles 1 and 2 (low physi-
cal activity groups) was 10.5% (n = 4) versus 7.9% (n = 3) 
(P = .6).

Table 1.  Preoperative and Operative Characteristics of Patients (Divided by Quartiles of Physical Activity) in the Study Population 
(n = 78).

Variables

Group 1 Group 2 Group 3 Group 4

P valueN = 20 (%) N = 19 (%) N = 19 (%) N = 20 (%)

Age (y, median) 73 (46-79) 71 (58-85) 71 (60-83) 66 (57-84) .19
Sex .58
  Male 8 (40) 11 (57.9) 10 (52.6) 12 (60)  
  Female 12 (60) 8 (42.1) 9 (47.4) 8 (40)  
BMI (median range) 25.4 (16.6-34.3) 27.2 (20.4-34) 26.2 (20.3-39.2) 27.7 (22.7-33.7) .7
Comorbidities
  COPD 7 (35) 5 (26.3) 6 (31.6) 5 (25) .89
Cardiac comorbidities .59
  Hypertension 7 (35) 10 (52.6) 9 (47.3) 7 (35)  
  AF — — — 1 (5)  
  Ischemic heart disease 2 (10) 2 (10.5) 1 (5.2) —  
  Diabetes 2 (10) 1 (5.2) 2 (10.5) 1 (5) .86
  Chronic kidney disease 1 (5) — — — .40
Performance status .12
  0 7 (35) 9 (47.4) 14 (73.7) 14 (70)  
  1 11 (55) 9 (47.4) 5 (26.3) 6 (30)  
  2 2 (10) 1 (5.2) — —  
FEV1 (%) median 83.9 85.8 91.7 77.2 .8
FVC (%) median 100.4 106 99.3 100.7 .5
DLCO (%) median 69 69 66 71.9 .2
Tumor side .5
  Right 14 (70) 9 (47.4) 10 (52.6) 12 (60)  
  Left 6 (30) 10 (52.6) 9 (47.4) 8 (40)  
Surgical access .6
  VATS 16 (84.2) 17 (89.5) 14 (73.7) 17 (85)  
  Thoracotomy 3 (15.8) 2 (10.5) 5 (26.3) 3 (15)  
Resection type .26
  Sublobar* 5 (25) 4 (22.2) 2 (10.5) 1 (5)  
  Lobar resection 15 (75) 15 (77.8) 17 (89.5) 19 (95)  
TNM stage .4
  Stage Ia 10 6 5 10  
  Stage Ib 3 7 1 1  
  Stage IIa 2 1 2 1  
  Stage IIb 2 3 5 4  
  Stage IIIa 3 2 4 1  

Abbreviations: AF, atrial fibrillation/flutter; BMI, body mass index; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lungs 
for carbon monoxide; FEV1, forced expiratory volume in the 1st second; FVC, forced vital capacity; ns, not significant; TNM, tumor nodal metastasis; 
VATS, video assisted thoracic surgery.
*Sublobar includes wedge and segmentectomy for early stage lung cancer <2 cm.
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At univariate analysis, the following other factors were 
then analyzed as potential risk factors for complications: 
age (P =.06), sex (51% in males vs 21.6% in female, P = 
.21), performance status (P =.01), respiratory comorbidities 
(P = .15), cardiac comorbidities (P = .18), diabetes (P = 
.7), chronic kidney disease (P = .2), BMI (P = .4), FEV1% 
(P = .36), FVC% (P = .6), TLCO% (P = .1), side of dis-
ease (P = .7), surgical access (P = .2), type of resection (P 
= .6). Only performance status correlated specifically with 
respiratory complications (P = .008), but not age (P = .16).

At multivariate analysis, performance status (P = .004, 
OR 1.267, 95% CI 1.096-1.437) and physical activity (P = 
.001, OR 0.700, 95% CI 0.501-0.899) were independent 
prognostic factors for postoperative complications.

Each quartile had 1 re-admission for varied reasons includ-
ing: confusion, wound infection, episodes of absence and pain 
management. There was no difference in re-admission rate 
between the groups (P = .99).

Secondary Outcomes

The median length of chest drain and hospital stay was 
2 days (range 1-20) and 5 days (range 1-30), respectively in 
the study population. High physical activity groups had a 
shorter length of stay (median values of 4 and 5 days for 
groups 3 and 4, respectively) compared to low physical 
activity groups (median values of 6 days for groups 1 and 
2), although the difference between groups was not signifi-
cant (P = .36 for all comparisons). There was also no sig-
nificant difference in the length of chest tube drainage 
post-operatively between groups 1 and 4 (2.78 days vs 
3.89 days, P = .22).

The number of patients who developed a prolonged air 
leak was comparable (P = .5) between the high physical 
activity groups (n = 3 patients in groups 3 and 4) and the low 
physical activity groups (n = 4 patients in groups 1 and 2).

Table 2.  Postoperative Complications Divided by Quartiles of Physical Activity.

Quartile of physical activity

Group 1 Group 2 Group 3 Group 4

P valueN = 20 N = 19 N = 19 N = 20

Respiratory complications 10 7 3 3 .04
  Pneumonia/atelectasis 8 4 1 2 .03
  Prolonged air leak 2 3 2 1 .4
Cardiac complications 1 3 2 1 .6
  Arrhythmia 1 3 2 1 .6
  Ischemic event — — — — —
Post-operative bleeding 1 1 — 1 .5
Ileus 1 — — —  
Patients with complication* 12 (60) 11 (57.9) 4 (21) 4 (20) .007
30-day re-admission rate 1 1 1 1  

*Some patients may more than one complications: 1 patient in group 1, 3, and 4 has a pneumonia and arrhythmia during the in hospital stay respectively.
Bold values indicate statistically significant differences.

Discussion

Level of physical activity and performance status correlate 
with survival in cancer patients. As recently shown by 
Cavalheri and Granger,15 exercise training reduces compli-
cations rate, but no objective data on physical activity are 
provided to stratify the patients who may benefit more from 
those interventions before surgery.

To the best of our knowledge this is the first study inves-
tigating the association between preoperative levels of 
physical activity, without direct preoperative intervention, 
and post-operative complications after anatomical lung 
resection. It is widely accepted that poor preoperative per-
formance status is an independent predictor of poor out-
come in cancer patients,6 and this was also confirmed in our 
series. However, it has been shown that the assessment of 
performance status may differ between nurses and physi-
cians due to intra- and inter-observer variability.16 The 
majority of patients who undergo lung cancer surgery has a 
performance status of 0 to 1, but physical activity can help 
to further stratify those patients to possibly predict which 
patients have an increased risk of postoperative morbidity 
and mortality. We showed in the present study that preop-
erative physical activity is an independent prognostic factor 
for post-operative complications in patients with similar 
performance status. This tool may be used in the future to 
decide which patients may benefit from a preoperative ded-
icated rehabilitation program, also known as “prehabilita-
tion.” Significant emphasis has been placed on optimizing 
preoperative fitness, however not without significant hur-
dles. A systematic review by Garcia et al17 suggested that 
prehabilitation may lead to a reduction in hospital stay and 
in post-operative complications. It was suggested that a 
rehabilitative intervention should begin 8-12 weeks prior to 
surgery, with length of treatment proportional to size of 
improvement. Prehabilitation programs require significant 
resources and time and it may be difficult to accommodate 
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them into a cancer pathway when surgery cannot be delayed 
of 2 to 3 months. In U.K., patients are to be assessed and 
treated within 62 days of urgent referral.18 Patients’ percep-
tion of delaying treatment due to preoperative prehabilita-
tion is also another important limitation and the adoption of 
a formal program may, understandably, cause distress and a 
lack of compliance if patients feel that their definitive treat-
ment is being delayed. A study by Benzo et  al19 stopped 
recruitment after a year, as patients did not want to delay 
surgical intervention to allow for 4 weeks of rehabilitation. 
In our study, physical activity within 2 weeks before surgery 
was evaluated as a tool to assess the impact in real life of 
physical activity on postoperative outcome in patients wait-
ing for surgery. Two week physical activity level had an 
impact on post-operative complications and length of hos-
pital stay. Patients in groups with low physical activity had 
a significantly higher number of respiratory complications, 
mainly chest infection and atelectasis. In the groups with 
low physical activity there were 17 respiratory complica-
tions vs only 6 in the groups with high physical activity. In 
thoracic surgery, the respiratory complications are the main 
cause of prolonged hospital stay and readmission in hospi-
tal. The length of stay was not significantly different 
between the groups, but it was shorter in patients with high 
physical activity. Our study suggests that 2 weeks seem to 
represent a convenient time to evaluate physical activity 
and it can be considered enough to begin a possible inter-
vention to increase physical activity level avoiding delays 
in treatment and improving postoperative outcome, how-
ever, further comparison is required. Maddocks’20 study 
examined activity levels and steps taken over a week in a 
more heterogeneous population of lung and pleural cancers, 
with more advanced disease (100% Stage IIIB or IV). All 
patients were assessed as ECOG performance status score 
0-2, however we had a larger proportion of patients with 
performance status score 0 (50% vs 19%). They recorded an 
average of 4200 steps per day and showed a significant dif-
ference in steps taken between performance status groups. 
Our data showed no significant difference between perfor-
mance status groups, probably because our patients had 
limited disease.

The use of pedometers or other electronic activity mon-
itors to monitor physical activity offers a more accurate 
and objective measurement of daily activity to objectively 
evaluate the preoperative performance status. Numerous 
studies have validated electronic activity monitors as 
accurate tools10,11 and research is on-going regarding the 
use of activity data in determining patient’s performance 
status and fitness for surgery.17,21 A criticism of pedome-
ters is that there is inherent variation between subject’s 
gaits in factors such as stride length and speed, however 
Kelly’s review paper detailed a number of studies where 
consumer pedometers and electronic activity monitors 

were validated as accurate when compared to gait video 
analysis and direct observation of step count.10

Coats et  al.22 showed that a home-based exercise pro-
gram improved muscle strength and exercise tolerance in 
16 pre-operative patients. However, they loaned and deliv-
ered exercise bikes to their patients, generating significant 
costs and making this approach challenging to replicate. In 
order to minimize the costs and increase the effectiveness of 
any intervention preoperatively, physical activity as mea-
surement of prehabilitation while waiting for surgery should 
be carefully evaluated. Also, during a global pandemic, like 
the current COVID19 pandemic, where social distancing 
and restricting non-essential travel are necessary to mini-
mize the viral spread, home-based activity monitoring may 
have additional benefit in pre-operative risk stratification.

There is no an ideal way to assess the functional status 
and in the literature, preoperative tests have been used to 
estimate the performance status and the postoperative risk 
of complications. Correlation between exercise capacity 
measured with 6 minute walking test or cardiopulmonary 
exercise test and complications is well established.23 Those 
more sophisticated and objective tests may further delay 
surgery and may increase the cost and pressure on hospital 
facilities. A simple measurement of the physical activity as 
we used in our study, can be used in daily clinical practice 
as a valid surrogate of clinical tests to stratify patient risk, 
containing costs and delays.

Previous studies showed that average daily steps can be 
combined with the diffusing capacity of the lungs for car-
bon monoxide percentage (DLCO) to accurately predict the 
V02Max in patients undergoing lung resection.24 In addition 
Varela’s group used age, activity levels and DLCO to create 
an estimated V02Max score, which was more predictive for 
the incidence of complications than an actual V02Max score.25 
The majority of our patients did not meet the clinical crite-
ria in order to undergo cardiopulmonary exercise testing, 
hence we did not perform this analysis. However, there was 
no significant variation in patients’ characteristics and spi-
rometry values between quartiles, suggesting that cardio-
pulmonary exercise testing may not have added weight for 
comparison in our study population. Moreover this pilot 
study aimed to create a simple reproducible measurement 
with minimal impact on cost and tests before surgery.

There are inherent limitations within this study, which 
must be taken into account. Firstly, despite standard 
instruction, it is unclear whether the pedometers had an 
indirect impact on patient physical activity. This activity 
monitor has not been used in other studies and has to be 
further evaluate. Also 12 patients could not be evaluated 
due to not utilizing the pedometer regularly. Secondly, 
despite having the largest cohort of patients for compari-
son the effect stated requires further investigation with a 
larger patient population.
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Conclusion

In conclusion, we observed an association between greater 
preoperative physical activity and fewer post-operative 
respiratory and cardiac complications. The use of pedome-
ters offers an inexpensive and readily available tool to 
extrapolate and objectivize patients’ preoperative levels of 
activity, which can be utilized as a surrogate or added to 
complement the preoperative assessment. Furthermore, the 
use of pedometers could help setting a target of exercise 
tailored to each individual patient, potentially also serving 
as encouragement to optimize their performance in order to 
reduce morbidity and improve outcomes.
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