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Abstract 
 
Introduction: Quadriceps muscle weakness has been associated with increased mortality in 
individuals with chronic obstructive pulmonary disease (COPD). Pulmonary rehabilitation 
routinely assesses and improves quadriceps muscle strength. Nevertheless, a cut-off of 
quadriceps muscle weakness assessed by the 1 repetition maximum test (1RM) associated 
with mortality has never been established. Objective: To determine cut-off points of 
quadriceps muscle strength assessed by the 1RM that are associated with 4-year mortality in 
patients with COPD. Methods: Retrospective four-year follow-up study. Knee extensor 
muscle strength was assessed by the 1RM test. Cut-off points with discriminatory capacity 
(Receiver Operational Characteristic Curve) to identify patient’s quadriceps muscle weakness 
were determined to 1RM in kg and adjusted by Body Mass Index (BMI) [1RM/BMI] and 
weight [1RM/Weight]. Thereafter, Cox regression and Kaplan-Meier analysis were used to 
investigate its association with mortality. Results: 204 individuals with COPD (52% men, 
66±8 years, FEV1 46[33-57]% pred) were included. Cut-off points identifying subjects with 
COPD with reduced quadriceps muscle strength were obtained (0.456 ≤ AUC ≤ 0.669); 
however, only 1RM/Weight ≤31% was associated with mortality (P=0.044, Univariate Cox 
Regression; P=0.040, Log-Rank test). Multivariate analysis showed higher mortality risk in 4-
year follow-up among subjects with quadriceps weakness (Hazard ratio: 2.73 [1.14-5.46]; 
P=0.005), independent of sex, age and lung function. Conclusion: Quadriceps muscle 
weakness assessed by the 1 repetition maximum test (1RM) and adjusted by weight 
[1RM/Weight] presents increased 4-year mortality risk in subjects with COPD. A Cut-off point 
of 1RM/Weight <31% might be useful to identify quadriceps weakness which is associated 
with mortality.   
 

Keywords: Chronic Obstructive Pulmonary Disease; Mortality; Muscle Strength; Quadriceps 
Muscle. 
 
 
Introduction 

In addition to respiratory impairment characterized by the sensation of dyspnea due 

to lung hyperinflation and abnormalities in gas exchange, individuals with Chronic 

Obstructive Pulmonary Disease (COPD) also present extrapulmonary manifestations1. 

Musculoskeletal dysfunction is common in patients with COPD and is characterized by 

reduced endurance and/or reduced muscle strength1,2. Reason for this dysfunction are a 

modified proportion of different muscle fiber types, i.e., less oxidative fibers and more 

glycolytic fibers. This change in the fiber type profile may partly explain the low mechanical 

efficiency of these muscles2,3. In the clinical context, the muscles have the capacity to 

generate strength and are essential during daily activities. Consequently, clinical 



 

 

impairments such as low exercise capacity, physical inactivity, changes in body composition 

and respiratory and peripheral muscle dysfunction may be present in this population4,5. In 

addition, peripheral muscle weakness and atrophy have been associated with increased 

fatigue and use of healthcare services and consequently higher morbidity and mortality in 

patients with COPD6.  

Although muscle strength of the upper limbs is relatively preserved compared with 

lower limbs, the latter is more vulnerable to atrophy3,7 and is the main reflex of the whole-

body muscle mass loss in COPD8. The evaluation of quadriceps femoris muscle strength 

mainly activates the knee extensor, which is composed by the rectus femoris, vastus 

lateralis, vastus medialis and vastus intermedium. Quadriceps femoris assessment is widely 

performed in patients with COPD due to the functional abnormalities previously described, 

as well as because these muscles are mainly related to locomotion3,9,10.  

Based on the current scientific literature, several clinical modifications that affect 

physical health of patients with COPD are recognized as factors that directly and indirectly 

interfere in their risk of mortality11-14. In this context, it has been described that individuals 

with COPD with higher quadriceps muscle strength, as measured by the maximum voluntary 

contraction test > 120% body mass index, presented lower mortality risk (Hazard Ratio = 

0.91)15.  

Pulmonary rehabilitation (PR) is an essential treatment for the management of 

people with COPD and it has been shown to increase significantly quadriceps muscle 

strength11,14. Prescription of quadriceps muscle strength training in PR is commonly based on 

1-repetition maximum (1RM) assessment, given its simplicity and low cost application. 

However, it is not known whether is possible to identify a cut-off of quadriceps muscle 

weakness associated with mortality in this population. 

Therefore, due to the characteristics of patients with COPD and its increasing 

prevalence and mortality worldwide16, it is important to investigate simple predictive factors 

with a good discriminative capacity of increased mortality risk in this population to prioritize 

interventions. Thus, the aim of the study was to determine cut-off points for knee extensor 

muscle weakness (based on 1RM) which are associated with 4-year mortality in patients with 

COPD. 



 

 

 

Methods 

 

Study design and sample 

This was a longitudinal retrospective study developed at the Laboratory of Research in 

Respiratory Physiotherapy (LFIP) at the State University of Londrina (UEL), Paraná. The study 

has been reported according to the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines17. 

Participants diagnosed with COPD have been assessed to participate in a research 

project which offered an exercise training program since 2006. Those interested to 

participate signed the informed consent and participated in a 12 weeks (3 times a week) 

exercise training programme18.  

Inclusion criteria of the study were: diagnosis of COPD according to international criteria 

of the Global Initiative for Chronic Obstructive Lung Disease (GOLD)1; no exacerbations in the 

least 3 months; absence of bone-neuromuscular changes that could interfere or limit the 

performance of the proposed tests; not having participated in a exercise training program in 

the last year; and having results available for the main proposed variables. 

Assessments were taken before and after the exercise training programme, as 

previously described18 and the most recent participant data were used in in the present 

study. A survey of the current vital status of all evaluated patients until 2014 was made 

including those who completed or not the physical training program. 

 

Assessments 

Patients were initially evaluated for anthropometric characteristics using a stadiometer 

and a calibrated scale (Filizolamodelo 31, Filizola Brasil). Body mass index (BMI) was 

calculated using the weight/height2 formula. In addition, patients were also assessed 

regarding body composition, lung function, exercise capacity, degree of limitation due to 

dyspnea in daily life, and peripheral muscle strength. Finally, vital status of each subject was 

identified retrospectively in a 4-year follow-up. All these assessments are described in more 

details below. 



 

 

 

Lung function 

 Lung function assessment was performed by a spirometer (Spirobank G®, MIR, Italy) 

with the technique according to the guidelines of the American Thoracic Society (ATS)19, 

based on the post-bronchodilator values of the forced expiratory volume in the first second 

(FEV1), forced vital capacity (FVC) and FEV1/FVC ratio.  Reference values for the Brazilian 

population were used20. 

 

Exercise capacity 

 Functional exercise capacity was assessed using the 6-minute walk test (6MWT) 

according to international recommendations21 and reference values were calculated for 

Brazilians as described by Britto et al222. 

 

Dyspnea in daily life 

 The Medical Research Council (MRC) scale was used to assess the sensation of 

dyspnea in daily life, in which the patient chooses an item, between 1 and 5, which 

corresponds to how much dyspnea limits his/her daily life23. The higher the score, the 

greater the limitation by dyspnea. 

 

Body composition 

 Body composition was assessed using the electrical bioimpedance (Biodynamics 

model 310). Patients were instructed to avoid exercise and to refrain from coffee, tea, 

chocolate or alcoholic beverages for at least 12 hours before the assessment and for at least 

4 hours. During the test, the patients were on lying down position and were placed with 

surface electrodes on their right hemibody at dorsal regions of their wrist and foot24. The 

values of fat-free mass index (FFMI) were estimated by the Kyle’s equation and patients 

were classified as sarcopenic or not according to the 10th percentile proposed25,26. 

 

Quadriceps muscle strength 



 

 

   Quadriceps muscle strength was assessed by the 1RM test for all participants and a 

subgroup of participant was also assessed by maximal voluntary isometric contraction. 

The 1 RM test (through the knee extension movement) was performed in a multi-

station weight training device (CRW 1000, Brazil) and aimed to determine the maximum 

weight that could be lifted in just one movement of the muscle group tested throughout full 

range of motion and without compensatory movements27,28. To perform the 1RM test, 

individuals were initially seated with support for the trunk, knees flexed at 90º, and both 

hands resting on thighs, and were instructed to perform the maximum knee extension 

without compensation. 

The test was performed by a properly trained evaluator. The load was initially 

estimated individually and was increased until the individual could not complete the 

movement or presented compensations. Then, the load previously lifted, without 

compensation, was considered the 1RM load. One-minute rest was given between attempts 

to avoid fatigue.  

Assessment of peak quadriceps femoris muscle force by measuring maximal 

voluntary isometric contraction of knee extension was performed with a hand-held 

dynamometer (MicroFET 2; Hoggan Health Industries, West Jordan, UT, USA)29. The hand-

held dynamometer was attached to the arm of the knee extension chair of a multi-station 

unit and positioned above the ankle joint of the patient's dominant limb. Participants were 

positioned seated with their hips flexed at 90º and their hands resting on thier thights. 

Assessment consisted of maximal voluntary isometric contraction of quadríceps femoris for 

six seconds at a knee joint angle of 60º30. A minimum of four and maximum of ten 

measurements were conducted by a properly trained evaluator and with standardized verbal 

encouragement31. 

Patients were classified as decreased muscle strength (<80% of predicted) or 

preserved muscle strength (≥ 80% of predicted), according to Decramer's predicted 

percentage32. 

 

Vital status 



 

 

The vital status of all patients who underwent initial assessments until 2014 was initially 

verified with data from the Mortality Information Center (NIM), which is the official 

responsible for recording all death events in the municipality. The outcome used in the study 

was all-cause mortality after a 4-year follow-up. The most recent evaluation carried out in 

the research laboratory was considered as a reference for follow-up time. Confirmation of 

the vital status of patients without a death record in the NIM was carried out by telephone 

contact and/or in person during routine evaluation. 

 

Statistical analysis  

The Shapiro-Wilk test was used to analyze data distribution. Descriptive analysis was 

performed using mean ± standard deviation for data normally distributed or median 

[interquartile range 25-75%] for data non-normally distributed.   

Receiver operating characteristic (ROC) curves were used to identify cut-off points for 

quadriceps muscle strength. Muscle strength values used for the analysis were those 

obtained directly in the 1RM test (kg) and also the values adjusted by the body mass index 

(BMI [kg / m2]; 1RM / BMI [%]) and weight (kg; 1RM / weight [%]). Two different criteria 

were used in the ROC curves analysis. The classification of all participants according to 

exercise capacity assessed by the 6MWT (cut-off < 479 m, as suggested by Rodrigues et 

al.)18, as well as the classification of a subsample according quadriceps muscle weakness 

assessed with quadriceps maximal voluntary isometric contraction (cut-off < 80% of 

predicted as suggested by Decramer et al)32 . The values of the area under the curve (AUC), 

with the best sensitivities (SE) and specificities (EP) were determined to identify quadriceps 

muscle weakness as assessed with 1RM test.  

Both the Kaplan-Meier and the Log Rank tests were used to verify associations with 

mortality in a 4-year follow-up between individuals classified as 'normal muscle strength' or 

'reduced muscle strength' according to each identified cut-off point with the ROC curve. Cox 

Regression, using the Stepwise method and the Hazard Ratio (HR) estimate was used to 

analyze whether the identified cut-off points had significant prognostic values of mortality in 

4-year follow-up in univariate analysis and to confirm whether the cut-off points remained 

associated with mortality even after adjustment for confounding factors such as gender, age 



 

 

and FEV1, as well as whether the patient completed exercise training program or not in 

multivariate analysis. For data tabulation and statistical analysis, the software used was the 

statistics package for the social sciences (SPSS) 22.0. The level of significance was set at P 

<0.05. 

  

Result and Discussion 

 

In total, 204 participants diagnosed with COPD were included in the study. 58% (n = 

108) of patients have completed the 3 months exercise training program. There were no 

differences between the initial assessments of patients who completed or not completed 

exercise training regarding body composition (BMI, FFMI), lung function (FEV1, FEV1 / FVC, 

FVC), exercise capacity (6MWT), dyspnea in daily life (MRC) and peripheral muscle strength 

(1RM of knee extensors), (P> 0.06 for all).  

The sample consisted of 6% of patients classified according to BMI as low weight, 

36% with normal weight, 32% classified as overweight and 26% classified as obese33. In 

addition, 63% of the sample was classified with sarcopenia26. The degree of airflow 

obstruction varied from mild to very severe1. In addition, patients were commonly 

symptomatic during performance of activities of daily living, assessed by the MRC scale. All 

data concerning the total sample characterization are described in table 1. 

The 6MWT was performed by the whole-sample and 48% (n = 98) was classified as 

presenting worse exercise capacity (<479m). Whereas, only 67 participants performed 

quadriceps muscle strength assessment with maximal voluntary isometric contraction and 

69% (n = 46) presented quadriceps muscle weakness (<80% predicted).    

Cut-off values for 1RM (kg), 1RM/BMI (%) and 1RM/Weight (%) according to both 

criteria are presented in Table 2. All cut-offs reached AUC greater than 0.60, except of 1RM 

derived from quadriceps maximal voluntary isometric contraction. It is worth mentioning 

that best cut-off values for quadriceps muscle strength in 1RM/Weight (%) was very similar 

according to both criteria (i.e. 30.5 and 31.6%); therefore, 0.31 was suggested as cut-off. 

In total, 153 participants underwent initial assessments until 2014 and had their vital 

status assessed after at least four years (male=55%; 67±8 years; BMI 26±6; FEV1 %pred 



 

 

44±16). The 4-year follow-up period from the evaluation in the research laboratory until the 

last contact identified 29% of death (n=44). Unfortunately, 16% (n= 25) of the sample was 

censored due to loss of contact; however, analyzes of mortality were performed including all 

153 participants, as recommended, and the last contact within the 4-year follow-up period 

was considered.     

From all cut-off values described in table 2, only 1RM/Weigh <31% presented 

significant association with mortality in univariate Cox regression. Multivariate Stepwise Cox 

Regression adjusted for sex, age, FEV1 and whether exercise training program was 

completed or not showed that 1RM/Weight <31% remained significant (HR: 2.73; P = 0.005) 

(Table 3).  

The Kaplan-Meier method showed significant differences in survival time (log rank 

test, P = 0.040) regarding participants classified as 'reduced muscle strength' using the new 

cut-off point of 1RM/Weight < 31% (Figure 1). 

Through this study, a simple way of identifying individuals with COPD who have quadriceps 

muscle weakness associated with mortality was proposed. 1RM/Weight < 31% was 

associated with increased 4-year mortality risk independently of sex, age, airway obstruction 

and participation on previous exercise training program.  

It is well established that subjects with COPD have a musculoskeletal system 

dysfunction5,34. Quadriceps muscle strength is commonly assessed in this population and the 

1RM test is a simple, low cost, and largely used tool for prescription of quadriceps muscle 

strength training in PR. Therefore, a simple adjustment of the 1RM (kg) by weight would be 

fundamental to prioritize interventions.  

In the scientific literature, a previous study identified quadriceps weakness as a 

predictor of mortality in healthy individuals35. Other studies have already shown that 

weakness in patients with COPD is more pronounced when compared to healthy 

individuals8,15,36. In addition, Seymour and colleagues compared a cohort of healthy 

individuals and patients with COPD and showed that there is a reduction in quadriceps 

muscle strength assessed by maximum voluntary contraction which is related to increased 

mortality and reduced exercise capacity in subjects with COPD. In addition, the value found 

for muscle strength was normalized for lean mass34. In the present study, it was possible to 



 

 

identify similar results regarding the association of reduced muscle strength with mortality 

when using another method of assessing muscle strength (i.e. 1RM test adjusted for weight 

(1RM/Weight). It is worth mentioning that methods to assess the 1RM test, BMI and weight 

values are simple and have low cost, which favors its wide use not only by researchers, but 

also in clinical practice. 

It is known that the decrease in lean mass and peripheral muscle strength, especially 

in the lower limbs, are common characteristics of chronic diseases, such as COPD36, and the 

measurement of quadriceps muscle strength can be used to identify peripheral muscle 

dysfunction3,27. In the present study, the use of the ratios 1RM/BMI and 1RM/Weight to find 

new cut-off points was proposed because the quadriceps muscle strength has a close 

relationship with body weight, therefore, normalize muscle strength by this characteristic is 

recommended37. 

Unlike, some studies which suggest normalization of muscle strength by body weight, 

the study by Swallow et al used BMI to normalize this variable assessed by maximum 

voluntary contraction. The authors discussed that muscle quality is more important than 

quantity; moreover, although height do not vary considerably, muscle strength test 

normalized by BMI was associated with mortality15. Thus, the present study chose to 

investigate the best cut-off considering both normalizations, in addition to the absolute 

muscle strength measurement, however, the cut-off value proposed by the present study 

was adjusted for weight.  

In this population, it is believed that lower limbs strength may have a greater 

prognostic value than upper limbs due to the great loss of muscle function of the former, 

which generates a physical inactivity scenario36. In addition, it is known that other 

mechanisms related to lower limb muscle dysfunction can be associated with the patient’s 

clinical condition, such as physical inactivity3. In fact, several related disease factors may also 

contribute to peripheral muscle dysfunction in patients with COPD, such as negative energy 

balance, hypoxia and pharmacological therapy with corticosteroids38. This might occur in 

patients frequently exposed to systemic corticosteroids since its chronic use can potentiate 

muscle atrophy and weakness in patients with COPD39. Moreover, there are other factors 

that also influence the survival of patients with COPD and was not evaluated in this study. An 



 

 

example is the occurrence of exacerbations through the time, since lower limbs muscle 

function is further compromised during exacerbation episodes in patients with COPD.  

The 1RM test is usually performed at the baseline assessment of exercise training 

program, and the present study hypothesized that it would be possible to identify individuals 

with the highest chance of mortality from patients’ physical characteristics. Kovarik et al. 

have already shown that dynamometric parameters, assessed by hand grip endurance test, 

relates to clinical status and prognosis of patients with COPD better than the 6MWT40. 

Although muscle strength is commonly impaired in this population, the BODE index, which is 

one of the most important tools to detect disease prognosis, does not include this 

characteristic as a predict factor41. Interestingly, Camillo and colleagues studied the effects 

of pulmonary rehabilitation (PR) on mortality of patients with COPD and identified that 

although the 6MWT improvement after a PR program is a strong predictor of mortality, 

other responses to exercise are also related to mortality of these patients, such as 

improvement in muscle strength of knee extensors, which is directly related to longer 

survival42. These findings corroborate with the present study and reinforce the message that 

the values determined as cut-off points for peripheral muscle strength in this study might 

help to detect patients who have a higher mortality risk, regardless of having participated on 

PR. However, future research is welcome to investigate whether the effects of PR are similar 

or not for patients classified in the group with the highest mortality risk from the cut-off 

point proposed in the present study. 

This study adds new information for the scientific literature with clinical applicability, 

in addition to reflecting a typical sample referred to PR programs. Some limitations are 

noted such as a retrospective design, with a relatively small sample, with cut-off points 

studied in only one cohort and with the absence of exacerbation information. Although the 

values of muscle strength assessed by 1RM test are similar in some studies43,44, which 

indicates the representativity of the sample, Daabis and colleagues showed a 5% variation in 

the quadriceps muscle strength values in subjects with COPD in relation to the present 

study. Therefore, future studies are needed to test the proposed cut-off points on 

independent samples. 

 



 

 

Table 1. Characteristics of the patients included in the study. 

Variable   

n (%) 204 (100) 

Male, n (%) 106 (52) 

Age, years 66 ± 8 

Weigth, kg 68 [56 – 78] 

BMI, kg/m2 26 [22 – 30]  

FFMI, kg/m2 16 [15 – 18]  

FVC, %pred 67 [57 – 84] 

FEV1, %pred 46 [33 – 57] 

FEV1/FCV 59 [49 – 74]  

GOLD 1, n (%) 3(1) 

GOLD 2, n (%) 82(40) 

GOLD 3, n (%) 80(39) 

GOLD 4, n (%) 39(20) 

6MWT, m 483 [421 – 530] 

6MWT, %pred 89 [79 – 98] 

MRC, 1 – 5 points 3 [2 – 4] 

1RM QF (kg) 18 [14 – 24] 

1RM/BMI (%) 70 [50 – 95] 

1RM/Weigth (%) 28 [21-37] 

BMI: body mass index; FFMI:  fat free mass index; FVC: forced vital capacity; FEV1: Forced 
expiratory volume in the first second; 6MWT: Six-minute walk test; MRC: Medical Research 
Council (2 patients had incomplete MRC data). Data recorded as mean ± standard deviation 
or median [interquartile range 25 - 75%]. * P<0,0 

 

Table 2. Cut-off point to identify patients with reduced muscle strength in knee extensors 

found by Receiver Operating Characteristics (ROC) curve analysis.  

 1RM 

(kg)a 

1RM 

(kg)b 

1RM/BMI 

(%)a 

1RM/BMI 

(%)b 

1RM/Weigh 

(%)a 

1RM/Weigh 

(%)b 



 

 

Cut-off 17.50 12.5 55.9 81.1 30.5 31.6 

Sensitivity 0.632 0.952 0.830 0.650 0.575 0.714 

Specificity 0.649 0.130 0.469 0.543 0.701 0.587 

AUC 0.676 0.456 0.677 0.604 0.669 0.655 

AUC: area under the curve; 1RM: 1-repetition maximum; BMI: body mass index. a Based on 
6MWT criteria b Based on quadriceps maximal voluntary isometric contraction  
 
 
Table 3. Risk of 4-year mortality due to any case using the cut-off points of muscle 

strength.  

  Univariate Multivariate 

  Hazard ratio (95%CI) P Hazard ratio (95% CI) P 

1 RM (17.5 kg)  1.68 (0.91 – 3.10) 0.099 - - 

1 RM (12.5 kg)  1.87 (0.99 – 3.48) 0.050 - - 

1RM/BMI (56%)  1.49 (0.81 – 2.75) 0.192 - - 

1RM/BMI (81%)  1.50 (0.77 – 2.93) 0.231 - - 

1RM/Weight (31%)  2.20 (1.02 – 3.99) 0.044 2.73 (1.14 – 5.46) 0.005 

1RM: 1-repetition maximum; 1RM / BMI: Ratio of 1-repetition maximum by body mass 
index; 1RM / Weight: Ratio of 1-repetition maximum by weight. Muscle strength was 
adjusted in multivariate analysis for the variables: gender, age, forced expiratory volume in 
the first second, and whether pulmonary rehabilitation was performed. Each cut-off point 
was tested using Cox regression model. 
  

 
 



 

 

 
Figure 1: Kaplan-Meier survival curve with Log-Rank test (P value indicated in the figure) 

during the 48-month follow-up period. Shorter dashed plot indicate reduced muscle strenght 

as defined by the 1-repetition maximum test / weight < 31%; longer dashed plot indicate 

preserved muscle strenght.  

 

Conclusion 

 

Quadriceps muscle weakness assessed by the 1 repetition maximum test (1RM) and 

adjusted by weight [1RM/Weight] is able to predict mortality in a follow-up period of 4 years 

in subjects with COPD independently of sex, age, airway obstruction and participation on 

previous exercise training program.  A cut-off value to identify subjects with COPD with 

reduced quadriceps strength which is associated with increased 4-year mortality risk was 

31% for the ratio 1RM / Weight and might be useful in clinical practice.  
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