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Summary at a glance 

 

We investigated determinants of exercise tolerance in lung cancer patients after resection 

surgery. This study is the first to identify quadriceps strength and quadriceps endurance 

capacity as a strong determinant of exercise tolerance in these patients, suggesting the need 

for routine lower-limb muscle function assessment and targeted interventions. 

 

Abstract 

 

Background and objective. This study aims to investigate the association between exercise 

tolerance, pulmonary function and lower-limb muscle function in patients with lung cancer 

that underwent lung resection surgery in the previous year.  

Methods. Sixty-four patients (age 67 ± 11 years, 66% male)performed a symptom-limited 

incremental cycle test to define peak oxygen consumption (VO2peak) and peak workload 

(Wpeak). The best of two six-minute walking distance (6MWD) tests was also included. 

Isometric quadriceps strength and isokinetic quadriceps endurance were measured. Post-

bronchodilator spirometry, lung volumes and diffusing capacity (DLco) measurements were 

assessed. Univariate correlation analysis and multiple regression analyses were performed. 

Results. VO2peak, Wpeak and 6MWD showed moderate to strong correlations with 

quadriceps strength/endurance and DLco while weak to moderate correlations were found 

with FEV1, FRC and body weight. Multiple regression showed that peak isometric quadriceps 

strength (p<0.001) and DLco (p<0.001) were significant predictors of VO2 peak (explained 

variance R2 0.67), while quadriceps endurance (p=0.0015) and DLco (p<0.0001) were 
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significant predictors of W peak (R2 0.61).  Quadriceps endurance capacity (p=0.013) but not 

DLco significantly contributed to the 6MWD model (R2 0.29). 

Conclusions. We identified a strong significant relationship between peak aerobic capacity 

and quadriceps muscle function and lung diffusing capacity. Six-minute walking distance was 

significantly related to quadriceps muscle function but not to pulmonary function. These 

findings suggests that accurate assessment of lower-limb muscle strength has a role in the 

accurate interpretation of exercise tests and in selecting optimal candidates for resistance 

training interventions targeting the lower-limb muscles after resection surgery.  
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1. Introduction 

Lung resection surgery is often the only available curative treatment option in patients with 

early stage lung cancer(1). After lung resection surgery, patients experience on average a 25% 

decrease in maximal exercise tolerance during the first months after surgery(2, 3). This 

decrease can partly be explained by a loss in ventilatory capacity. However, Granger et al. 

reported that exercise tolerance declines further during a period of six months following lung 

cancer treatment, in line with observed decreases in lower-limb muscle function and daily 

physical activity levels(4). These changes may be associated to the observed long-term 

increase in  symptoms of fatigue and dyspnea and impairment of health-related quality of life 

in these patients(5, 6).  

It is important to understand the physiological mechanisms leading to physical impairment in 

patients treated for lung cancer. Knowledge about the relative contribution of pulmonary 

function deficits and lower-limb muscle dysfunction could allow the development of 

individually tailored interventions aimed to improve exercise and functional capacity during 

and after cancer treatment. 

Therefore, this cross-sectional study investigated the association between exercise tolerance, 

pulmonary function and lower-limb muscle function in patients with lung cancer after lung 

resection surgery.  
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2. Methods 

Data were collected as part of an standardized three-day multidisciplinary assessment in 

patients referred for comprehensive pulmonary rehabilitation at CIRO+ (Horn, the 

Netherlands). Research ethical approval was not indicated because all of the tests were done 

as part of the routine initial assessment, and analyzed retrospectively. The Board of Directors 

of CIRO approved the use of de-identified patients' records.   

 

2.1 Patients 

All patients were referred for assessment based on clinical indication by their chest physician. 

Measurements were performed within one year after lung resection surgery. The exact time 

frame between surgery and assessment is not known due to ethical constraints. No formal 

exclusion criteria were used besides the inability to perform exercise and muscle function 

testing. 

 

2.2 Measurements 

Peak oxygen consumption (VO2 peak) and peak workload (W peak) were assessed using a 

symptom-limited incremental cycle test (Corival 400, Lode, Groningen, The Netherlands). 

Normative values published by Jones et al were used(7). 

Patients performed two six-minute walking distance (6MWD) tests according to international 

guidelines(8); the best was used for analysis. Data were compared with normative values 

developed by Troosters et al(9). 

Quadriceps strength was measured on a standardized dynamometer (Biodex Medical 

Corporation, Shirley, NY).  Isometric strength was assessed by performing  three 3-second 

maximal voluntary contractions. The highest peak torque was used for analysis. Isokinetic 
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quadriceps function was assessed by performing 30 maximal repetitions at 90°/s; peak torque 

values were calculated for every repetition. Isokinetic strength was defined as the average of 

the two highest peak torque values. Isokinetic endurance was defined as the total amount of 

work delivered during 30 repetitions. Normative values developed by Borges et al were 

used(10). 

Routine post-bronchodilator spirometry, lung volumes and diffusing capacity (DLco) 

measurement were performed according to international recommendations(11, 12). The 

presence of chronic airflow limitation was determined by post-bronchodilator forced 

expiratory volume in one second (FEV1)/ forced vital capacity (FVC) < 0.7. 

Body weight was assessed to the nearest 0.1 kg using a calibrated weighing scale. 

 

2.3 Statistical analyses 

All statistical analyses were performed with SAS 9.4. Variables were expressed as mean ± 

standard deviation (when continuous) or absolute number and proportion (when nominal). 

Univariate correlation analysis was performed using Pearson correlation coefficients and point 

biserial correlations (when assessing the relationship with gender). Multiple linear regression 

models were developed to estimate VO2 peak, W peak and 6MWD in 46 out of 64 patients 

(due to missing values of DLco). Age, gender, body weight, isometric quadriceps strength, 

isokinetic quadriceps strength, isokinetic quadriceps endurance, FEV1 and DLco were used as 

independent variables. When multicollinearity was present in the model (condition index > 

30), highly related variables were identified and only the variable showing the highest 

univariate relationship with the dependent variable was included in the model(13). The level 

of significance was set at 0.05 for all statistical tests.  

  



7 
 

3. Results 

Seventy-four patients went through multidisciplinary assessment in our center. Sixty-four 

patients performed muscle testing and at least one exercise test (incremental cycle test or 

6MWD test) and were included in the analysis. 6MWD (n=1), W peak (n=2), VO2 peak (n=7), 

spirometry values (n=1) and DLCO (n=16) were not available in a subset of patients. All patients 

had non-small cell lung cancer. Patients underwent a lobectomy (n=48), bi-lobectomy (n=3) 

or pneumectomy (n=13). Eleven patients received adjuvant chemotherapy, while three 

patients received combined adjuvant treatment (chemotherapy and radiotherapy). Baseline 

characteristics are summarized in Table 1.  Patients (age 67 ± 11 years, 66% male) showed a 

decreased FEV1 (71 ± 21 %pred) and diffusing capacity (DLco;  57 ± 16 %pred). On average, 

peak isometric quadriceps strength was slightly decreased (89 ± 24 %pred). 

Maximal exercise tolerance during cycle ergometry was markedly decreased (VO2 peak 70 ± 

26 %pred; W peak 67 ± 24 %pred). Peak heart rate reached 84 ± 13% of age-predicted maximal 

heart rate and peak ventilation equaled 70 ± 19% of maximal voluntary ventilation. Borg 

scores at peak exercise were 7 ± 2 (dyspnea) and 5 ± 3 (leg fatigue).  Oxygen saturation 

decreased from 97 ± 1% at rest to  92 ± 9% at peak exercise. Similarly, 6MWD was decreased 

to 75 ± 17 %pred.  Borg scores at the end of the test were 3 ± 2 (dyspnea) and 3 ± 2 (leg 

fatigue).  Oxygen saturation decreased from 97 ± 1% at rest to 92 ± 5%  at the end of the 

6MWD test. 

 

Table 2 includes correlation coefficients between absolute measures of exercise tolerance 

(VO2 peak, W peak, 6MWD) and age, weight, quadriceps function and pulmonary function. 

VO2 peak, W peak and 6MWD show moderate to strong correlations with isometric and 

isokinetic quadriceps strength, quadriceps endurance capacity and DLco while weak to 
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moderate correlations are found with FEV1, FRC (except for VO2 peak) and body weight 

(except for 6MWD).  Isometric quadriceps strength, isokinetic quadriceps strength and 

isokinetic quadriceps endurance capacity show similar relationships with outcomes of exercise 

tolerance. 

 

Multiple regression modeling shows that isometric quadriceps strength (p<0.001) and DLco 

(p<0.001) are significant predictors of VO2 peak (explained variance R2 0.67), while quadriceps 

endurance capacity (p=0.0015) and DLco (p<0.0001) are significant predictors of W peak (R2 

0.63).  Quadriceps endurance capacity (p=0.013) but not DLco significantly contributes to the 

6MWD model (R2 0.37). Details of the regression models can be found in table 3. 
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4. Discussion 

 

This study investigated to what extent exercise tolerance is related to muscle function and 

pulmonary function in patients that underwent lung resection surgery for lung cancer. We 

identified a strong significant relationship between VO2 peak and both quadriceps function 

and DLco. 6MWD was significantly related to quadriceps function but not to pulmonary 

function. 

 

Exercise tolerance was markedly impaired in our patient sample (25-35% of decrease 

compared to normative values in different measures). Granger et al. reported a similar 

decrease of 31% in six-minute walking distance in patients six months after lung resection 

surgery(4). Peak oxygen consumption was similar to findings of Nagamatsu et al. during the 

first months after surgery(3). The observed impairment in exercise tolerance is reported to be 

induced by the cancer treatment (including surgery and associated immobility), but to some 

extent deficits in exercise tolerance are likely to be apparent before surgery(2-4).  

 

England et al. investigated different factors related to exercise performance during an 

incremental shuttle walking test in patients with incurable thoracic cancer(14). In line with our 

findings they identified a relationship between leg extensor power and exercise tolerance, but 

the strength of the relationship was rather weak (r=0.39). The observed association between 

muscle function and exercise tolerance in patients with lung cancer is not surprising, as similar 

observations have been done previously in chronic lung and heart disease(15, 16).  Even 

though average muscle function is only slightly reduced (89% of predicted isometric strength), 

the high accompanying standard deviation (25%) suggests that large heterogeneity in muscle 
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function exists across the patient sample.  It is likely that muscle (dys)function plays an 

essential exercise-limiting role in a subset of patients (i.e. the weaker patients) while in other 

patients, pulmonary deficits might be more important to determine postoperative exercise 

tolerance. Unfortunately, our sample is too small to perform sub-analyses allowing further 

exploration of this hypothesis.  

Interestingly, DLco is significantly related to VO2 peak (obtained during incremental cycling) 

but not to 6MWD. The former is in line with findings of Brunelli et al. showing that DLco is 

independently related to VO2 peak in postoperative lung cancer patients(17). The observation 

that submaximal self-paced walking exercise is less closely related to pulmonary function than 

maximal incremental cycle exercise is in line with observations in COPD(15), suggesting that 

deficits in pulmonary function are of less significance during submaximal exercise. 

Gender and age were not related to measures of exercise tolerance. Even though surprising, 

this finding can be explained by the limited number of women and the homogenous 

distribution of age in our sample. 

 

This study has some limitations that need to be addressed. Firstly, our data were collected as 

part of clinical routine and analyzed a posteriori. Consequently, it is difficult to reconstruct the 

exact reason underlying missing data. Nevertheless, all data were collected as part of a well 

standardized test battery, performed by experienced biometrists. The clinical setting of the 

assessment ensures that patients sampling was not biased by their willingness to participate 

in a clinical trial. Secondly, DLco measurements were only available in about 75% of included 

patients. As we considered this variable an important potential determinant of exercise 

tolerance, we decided to limit our multivariate analysis to patients with DLco measurement. 

However, our analysis appears to have sufficient power to provide an answer to the research 
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question. Thirdly, our sample consists of patients who were referred for screening in light of 

a pulmonary rehabilitation program. Selection bias in favor of patients with impaired exercise 

tolerance and muscle function cannot be ruled out. Fourthly, the cross-sectional design does 

not allow interpretation whether the relationship between quadriceps function and exercise 

tolerance was already present prior to surgery. It would be interesting to know to what extent 

changes in muscle function after surgery boost the importance of muscle function as a 

determinant of exercise tolerance. 

 

Given the use of VO2 peak as a screening tool to evaluate eligibility for surgical resection, the 

close relationship between quadriceps function and VO2 peak indicates that quadriceps 

function must be considered as an explaining variable in the interpretation of VO2 peak results 

in pre-operative screening. Furthermore, assessment of quadriceps function allows the  

identification of patients that would benefit from targeted resistance training interventions. 

This might be specifically relevant in settings where comprehensive evaluation of exercise 

tolerance (including cardiopulmonary exercise testing) is not feasible. Future research should 

confirm whether improved muscle function translates into enhanced maximal oxygen 

consumption in this subset of patients. 
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Table 1 Patient characteristics. 

Variable N  

Age (yrs) 64 67 ± 11 

Male gender (n(%)) 64 42 (66) 

Weight (kg) 64 77 ± 18 

BMI (kg/m2) 64 26,5 ± 4,8 

FEV1 (l) 63 1,97 ± 0,62 

FEV1 (%pred) 63 71 ± 21 

FVC (%pred) 63 86 ± 21 

FEV1/FVC 63 66 ± 12 

Obstructive disease (FEV1/FVC < 0.7) 63 39 (61) 

FRC (%pred) 56 91 ± 25 

DLCO (%pred) 46 57 ± 16 

VO2 peak (ml/min) 57 1303 ± 377 

VO2 peak (%pred) 57 70 ± 26 

W peak (%pred) 62 67 ± 24 

6-minute walking distance (m) 63 486 ± 108 

6-minute walking distance (%pred) 63 75 ± 17 

Quadriceps isometric strength (Nm) 64 132 ± 40 

Quadriceps isometric strength (% pred) 64 89 ± 24 

Quadriceps isokinetic strength (Nm) 64 95 ± 29 

Quadriceps isokinetic endurance (J) 64 1720 ± 596 

Data are presented as mean ± standard deviation or number (percentage). N = number of patients,  yrs = years, 
BMI = body mass index, FEV1 = forced expiratory volume in 1 second, %pred = percentage of the predicted value, 
FVC = forced vital capacity, FRC = functional residual capacity, DLco= diffusing capacity, VO2 peak = peak oxygen 
consumption during an incremental cycle test, W peak = peak workload during an incremental cycle test, Nm = 
newtonmeter, J = Joule. 
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Table 2 Simple correlation analysis. 

 

 VO2 peak W peak 6MWD 

Age -0.03 -0.13 -0.14 

Gender 0.25 0.24 0.04 

Weight 0.53* 0.37* 0.20 

Quadriceps isometric strength 0.52* 0.64* 0.59* 

Quadriceps isokinetic strength 0.66* 0.72 0.60 

Quadriceps endurance 0.66* 0.74* 0.63* 

FEV1 0.43* 0.59* 0.46* 

FRC 0.17 0.29* 0.35* 

DLco 0.76* 0.72* 0.46* 

Data are Pearson correlation coefficients or point biserial correlations (gender); * indicates that the correlation 
is significant at the 0.05 level. 
VO2 peak = peak oxygen consumption during an incremental cycle test, W peak = peak workload during an 
incremental cycle test, 6MWD = six-minute walking distance, FEV1 = forced expiratory volume in one second, FRC 
= functional residual capacity, DLco = diffusing capacity. 
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Table 3. Multiple linear regression analysis 

Variable Parameter Estimate Standard Error P-value 

VO2 peak model in ml/min (adjusted R2 0.67) 

DLco (mmol/min/kPa) 147.67 24.32 <0.0001 

Quadriceps isometric strength (Nm) 2.28 1.05 0.036 

Gender (male=1) 129.68 109.75 0.24 

Age (yrs) -0.76 3.9 0.85 

Intercept 234.20 310.30 0.46 

W max model in Watts (adjusted R2 0.63) 

DLco (mmol/min/kPa) 8.91 2.32 0.0004 

Quadriceps isokinetic endurance (J) 0.02 0.007 0.0041 

Gender (male=1) 14.12 7.94 0.083 

Weight (kg) -0.25 0.17 0.15 

Age (yrs) -0.41 0.32 0.22 

Intercept 52.72 23.79 0.033 

6MWD model in m (adjusted R2 0.37) 

Quadriceps isokinetic endurance (J) 0.083 0.029 0.0069 

Weight (kg) -1.23 0.73 0.099 

DLco (mmol/min/kPa) 14.57 10.44 0.1708 

Age (yrs) -0.0067 1.39 0.99 

Gender (male=1) 0.089 33.61 0.99 

Intercept 378.62 101.35 0.0006 

VO2 peak = peak oxygen consumption during an incremental cycle test, DLco = diffusing capacity, mmol = 
millimol, kPa = kilopascal, Nm = newtonmeter, yrs = years, J = Joule, W peak = peak workload during an 
incremental cycle test, 6MWD = six-minute walking distance. P-value in bold: p<0.05. 

 


