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ABSTRACT 

(Word count 200) 

Rationale and objectives:  

Quadriceps strength relates to exercise capacity and prognosis in chronic obstructive 

pulmonary disease (COPD). We wished to quantify the prevalence of quadriceps 

weakness in COPD, and hypothesised that it would not be restricted to patients with 

severe airflow obstruction or dyspnoea. 

Methods:  

Predicted quadriceps strength was calculated using a regression equation (incorporating 

age, gender, height and fat-free mass), based on measurements from 212 healthy 

subjects. The prevalence of weakness (defined as observed values 1.645 standardised 

residuals below predicted) was related to GOLD stage and Medical Research Council 

(MRC) dyspnoea score in two cohorts of stable COPD outpatients recruited from the 

United Kingdom (n=240) and the Netherlands (n=351). 

Main results:  

32% and 33% of UK and Dutch COPD patients had quadriceps weakness. A significant 

proportion of patients in GOLD stages 1 and 2, or with an MRC dyspnoea score of 1 or 2, 

had quadriceps weakness (28% and 26% respectively). These values rose to 38% in 

GOLD stage 4, and 43% in patients with an MRC Score of 4 or 5.  

Conclusion:  

Quadriceps weakness was demonstrable in one-third of COPD patients attending hospital 

respiratory outpatient services. Quadriceps weakness exists in the absence of severe 

airflow obstruction or breathlessness. 



INTRODUCTION 

Patients with chronic obstructive pulmonary disease (COPD) may exhibit cachexia or 

skeletal muscle dysfunction (1). Reduced quadriceps strength contributes to poor exercise 

performance (2) and has been linked to increased health care utilisation (3) and mortality 

(4). Whilst the pathophysiology of skeletal muscle dysfunction and wasting is multi-

factorial, inactivity is likely to play a key role. Reduced muscle strength is more readily 

demonstrable in the lower limbs (5, 6) of COPD patients and a “downward disease spiral” 

has been hypothesised, in which advancing dyspnoea leads to a sedentary lifestyle and 

de-conditioning of the locomotor muscles, and thus further inactivity (7). Reduced exercise 

capacity has been related to increased dyspnoea measured by the Medical Research 

Council (MRC) dyspnoea scale (8) in the presence of preserved whole body fat-free mass 

indices (9). Improved quadriceps muscle strength and endurance are thought to underlie 

much of the increased exercise capacity observed following multidisciplinary pulmonary 

rehabilitation for COPD (10). Access to such programmes remains challenging (11); 

international guidelines recommend pulmonary rehabilitation for patients only with a 

Medical Research Council (MRC) dyspnoea score of 3 or above (12). 

 

Isometric maximum voluntary contraction strength (QMVC) is commonly used to quantify 

quadriceps strength and is typically reduced in moderate-to-severe COPD patients by 

approximately 30% when compared with age and gender matched healthy subjects (5, 

13). However, quadriceps strength varies widely in such healthy subjects; in the classic 

description of QMVC measurement, strength was normalised to body weight (14). 

Predictive equations have been applied to COPD cohorts, but these were derived from a 

small number of healthy subjects (15). This study aimed to identify the lower limit of normal 

quadriceps strength adjusting for anthropometric factors across an age range comparable 

to that typically observed in COPD, and estimate the prevalence of quadriceps weakness 



in two independent patient cohorts. We wished to quantify the prevalence of quadriceps 

weakness in COPD, and hypothesised that it would not be restricted to patients with 

severe airflow obstruction, dyspnoea or fat-free mass loss. 

 

METHODS 

Patients and study design 

Isometric quadriceps maximum voluntary contraction force (QMVC) was measured in 212 

healthy volunteers (aged 40-90) who had participated in research studies at the Muscle 

Laboratories at King’s College Hospital and Royal Brompton Hospital, between October 

2002 and July 2008. Raw data from some subjects has contributed to previous work (5, 

16, 17). Subjects were recruited by advertisement or from a register of healthy elderly 

volunteers maintained on the King’s Hospital campus by the Department of Elderly 

Medicine. Although healthy volunteers had an FEV1>80% predicted and FEV1/FVC ratio 

>70%, they included both never and ex-smokers. All reported no respiratory symptoms 

and no co-morbidity affecting the legs. QMVC measurements were related to 

anthropometric variables of age, gender, height, and fat-free mass (FFM), and a 

regression equation derived to predict QMVC.   

 

Two COPD cohorts were analysed retrospectively; predicted QMVC strength was 

calculated from the healthy regression equation. As with controls, raw data from some 

patients has previously been reported (5, 16-18). The first COPD cohort of 240 subjects 

comprised stable community dwelling patients who had accessed hospital outpatient 

services and participated in physiological research at the UK centers above. The second 

COPD cohort comprised 351 patients attending their first clinical assessment at a Dutch 

rehabilitation hospital (Ciro, Center of Expertise for Chronic Organ Failure, Horn, NL) 

between December 2005 and October 2007, following referral from their treating 



respiratory physician. UK healthy volunteers and patients included all those in whom both 

QMVC and a complete set of anthropometric variables had been measured. Dutch 

patients were identified from patients in whom non-volitional assessment of quadriceps 

strength had additionally been performed. All centers had local ethical committee approval 

and participants gave written informed consent. 

 

The prevalence of quadriceps weakness was calculated in the UK and Dutch COPD 

cohorts according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage. 

(19). The role of exertional dyspnoea in the aetiology of quadriceps weakness and the 

relationship with other prognostic variables was explored using additional data (MRC 

dyspnoea score (8) and BODE index (20)) available for the Dutch COPD cohort.  

 

Measurements  

Both clinical centres participated in the 2003-6 ENIGMA project (QLK6-CT-2002-02285) to 

investigate muscle function in COPD (18, 21), and measured supine isometric QMVC with 

the knee joint at 90°, using apparatus described by Edwards et al. (14); measurement 

techniques were standardized by reciprocal visits at the start of the project. QMVC was the 

highest mean force that could be sustained over 1 second. We accepted the greatest of at 

least 3 reproducible efforts and care was taken to immobilize the hip joint. Fat-free mass 

(FFM) was estimated using 50Hz electrical bioimpedance (Bodystat 1500, Bodytstat, 

Isle of Man, UK) (22) in the non-fasted state. Spirometry and pulmonary function tests 

(diffusing capacity for carbon monoxide (DLCO), lung volume estimation by body 

plethysmography and arterial blood gas analysis) were performed according to European 

Respiratory Society and American Thoracic Society (ERS/ATS) recommendations (23-25). 

Additional measurements in the Dutch cohort included whole-body and regional (lower-

limb) lean mass by dual energy x-ray absorbtiometry (DEXABODY and DEXALEG) (26). Non-



volitional strength assessment used supramaximal magnetic femoral nerve stimulation to 

generate the quadriceps twitch response (TwQ) (27). Unpotentiated quadriceps twitches 

were obtained using a 70mm figure of eight coil (Magstim Co. Ltd, Whitland, UK), following 

20-minutes of rest on the same apparatus as that described for the QMVC; the mean of a 

minimum of 5 reproducible twitches was used for analysis. The six-minute walk distance 

(6MWD) was measured according to published guidelines after a practice walk (28). Peak 

cycle work (Wpeak) was measured by symptom-limited cycle ergometery. 1-minute of 

unloaded cycling was followed by 10 W/minute increments. Patients cycled at 60 

revolutions per minute until exhaustion (29). Health related quality of life was measured by 

the St. George’s Respiratory Questionnaire (SGRQ) (30).  

 

Statistical analysis 

Analyses used SPSS Version 16.0 (SPSS Inc., Chicago, Illinois, USA) or GraphPad 

Prism Version 5.0 (GraphPad Software Inc., San Diego, California, USA). Between-

group comparisons used analysis of variance (ANOVA), with post-hoc analysis 

(Bonferonni) for more than 2-groups. Correlations were described using Pearson 

coefficients to 2 decimal places. Multiple linear regression using a single entry step of 

anthropometric co-variables correlated with QMVC strength, analysed the dependence of 

QMVC in healthy subjects on height, FFM, age and gender. Weakness was defined in 

patients as a QMVC below 1.645 standardised residuals from the healthy predicted value. 

%predicted FEV1 was added as a co-variable in a similar analysis of all COPD patients. 

The prevalence of QMVC weakness between COPD cohorts and genders was compared 

by the Chi-squared test; logistic regression was used to assess the likelihood of 

quadriceps weakness being present according to co-variables of disease severity (FEV1 or 

GOLD Stage) and/or dyspnoea (MRC Dyspnoea Scale). GOLD or MRC classes were 

combined with the next level of severity if fewer than 50 patients were counted. Statistical 



significance was accepted for P values below 0.05. Additional comparisons were made 

between patients with weak and normal quadriceps strength in the Dutch cohort. The 

effect of weakness on 6MWT distance and Wpeak was analysed using multiple linear 

regression, adjusting for anthropometric and pulmonary function co-variables that differed 

significantly between these groups. Volitional and non-volitional quadriceps strength 

normalised for leg muscle mass, were also compared.  

 

RESULTS 

Quadriceps strength in healthy subjects  

Participant characteristics are shown in Table 1. In healthy subjects, QMVC was greater in 

males (+13.3kg, 95% CI: +10.5kg to +16.1kg, p<0.001) and correlated with age (r=0.29, 

p<0.001), height (0.56, p<0.001) and FFM (0.68, p<0.001). The regression equation 

describing predicted QMVC force (r2=0.51) in kg was: 

56.2 – (0.30xage in years) + (0.68xFFM in kg) – (0.15xheight in cm) – (3.42 if female) 

 

Multiple linear regression analysis identified age and FFM as statistically independent 

factors (Table 2). All covariables had a calculated tolerance greater than 0.1, suggesting 

none was redundant in the above equation. The residual standard deviation from the 

analysis was 8.58 kg: therefore patients with an [(Observed QMVC - Predicted 

QMVC)/8.58] less than -1.645, were considered weak.  8% of healthy subjects had weak 

quadriceps based on this cut-off. Predicted QMVC was similar in the COPD groups (UK: 

74.8(20.5)%; NL: 72.2(18.2)%, p=0.353). Allowing for the dependence of quadriceps 

strength on the anthropometric variables reported in healthy subjects, each percentage 

point loss of FEV1 in COPD was associated with a reduction in QMVC of only 47g (95% 

CI: -13g to -82g, P=0.007, Table 2).  

 



Quadriceps strength and GOLD stage 

The overall prevalence of quadriceps weakness was 32%, and was statistically similar in 

men and women, and between COPD cohorts (Table 3). The prevalence of weakness in 

COPD according to GOLD stage is illustrated in Figure 1. 28% of UK patients and 34% of 

Dutch patients in the combined GOLD stage 1/2 category demonstrated quadriceps 

weakness. Unsurprisingly the highest prevalence of weakness was observed in those with 

the most severe airflow obstruction (38% in GOLD stage 4), however, there was no 

significant difference in prevalence between GOLD categories shown in Figure 1.  

 

This study did not include GOLD “stage 0” subjects; however, 107 healthy subjects (50%) 

had smoking histories in excess of 1-pack year. Healthy subjects were re-analysed post-

hoc, adding prior or current smoking status as a group variable. In addition to the 

dependence of QMVC on the variables previously described, a smoking history was 

independently associated with a lower QMVC (-3.4kg, 95%CI: -5.7kg to -1.0kg, p=0.005). 

There was no correlation between QMVC and self-reported pack years; current smoking 

status did not affect the QMVC in COPD patients.  

 

Quadriceps weakness in COPD and the relationship with a low FFMI 

Gender-specific cut-offs to describe a low FFMI in COPD have been proposed (31, 32). 

Despite the relationship between QMVC and FFM described in Table 3, neither the 

proposed lower limit of normal FFMI (10th percentile) previously reported from a large well-

described Danish cohort (31) nor that observed among healthy subjects in this study, was 

predictive of quadriceps weakness in COPD.  

 

 

 



Quadriceps strength in relation to dyspnoea and BODE score in Dutch patients 

26% of Dutch patients with mild breathlessness (MRC Dyspnoea Scores 1 or 2) 

demonstrated quadriceps weakness (Figure 2). The highest prevalence of weakness was 

observed in subjects with the most severe dyspnoea (MRC dyspnoea score 4 or 5). The 

odds-ratio (OR) for quadriceps weakness among MRC dyspnoea scores of 4 or 5 

compared to scores of 1, 2 or 3, was 2.46 (95%CI: 1.54 to 3.94, p<0.001). When adjusted 

for the severity of airflow obstruction, the presence of severe dyspnoea (MRC scores 4 or 

5) remained an independent predictor of quadriceps weakness in the Dutch cohort (OR 

2.21; 95% CI: 1.32 to 3.71, p=0.003). The prevalence of quadriceps weakness in the 

Dutch cohort divided according to the BODE quartiles previously reported by Celli et al 

(10), is illustrated in Figure 3. Quadriceps weakness was present in one-fifth of patients in 

the BODE quartile associated with the best prognosis (a BODE score of 0 to 2).  

 

Relationship between weakness and exercise performance in Dutch patients 

Table 4 compares Dutch COPD patients, with and without quadriceps weakness. FFM 

index was similar in both groups. Patients with quadriceps weakness had worse airflow 

obstruction (lower FEV1), increased hyperinflation (increased RV/TLC), reduced exercise 

capacity (as judged by the 6MWD) and impaired health-related quality of life (as 

determined by the SGRQ). Multiple linear regression analysis suggested that quadriceps 

weakness was associated with a reduction in 6MWD of 30m (95%CI: 8m to 52m, 

p=0.009), or Wpeak of 6W (95%CI: 1W to 11W, p=0.016), independent of the 

anthropomorphic variables related to these tests, FEV1 or RV/TLC. A diagnosis of 

quadriceps weakness was unsurprisingly associated with reduced lower-limb lean mass 

(DEXALEG), but also reduced QMVC (Figure 4) and TwQ per unit DEXALEG.  



 

Table 1.  
Baseline characteristics 
Baseline characteristics of the three cohorts studied. Values are mean (SD) unless indicated. Oral 
corticosteroid use defined as greater than 5mg of prednisolone per day. Key: “a”, statistically 
different compared to healthy subjects (p<0.05, ANOVA method); “b”, NL (Dutch) COPD cohort 
significantly different to UK COPD cohort. 

Healthy COPD  

(n=212) UK (n=240) NL (n=351) 

Age (years) 64 (9) 66 (8) 63 (10) 

Sex (%male) 44 73 a 57 ab 

Height (m) 1.67 (0.09) 1.69 (0.08) 1.67 (0.08) b 

FFM (kg) 47.6 (11.4) 46.7 (8.3) 44.3 (8.1) ab 

QMVC (kg) 39.5 (12.3) 32.0 (11.3) a 29.9 (10.4) ab 

Inhaled corticosteroid (%) - 75 83b 

Long acting beta agonist (%) - 74 82b 

Long acting anticholinergic (%) - 62 64 

Oral corticosteroid therapy (%) - 10 15 

Pack years 10 (17) 50 (24) a 36 (16) ab 

FEV1 (litres) 2.78 (0.64) 1.08 (0.51) a 1.21 (0.55) ab 

FEV1 (%predicted) 105 (13.9) 40.2 (18.9) a 44 (18) ab  

PaO2 (kPa) - 9.43 (1.45) 9.37 (1.45) 

PaCO2 (kPa) - 5.19 (0.81) 5.33 (0.70) b 

Abbreviations: FEV1, forced expiratory volume in one second; PaO2/CO2, arterial partial pressure of oxygen/carbon 

dioxide; BMI, body mass index; FFM(I), fat-free mass (index); QMVC, isometric quadriceps maximum voluntary 

contraction. 



 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Table 2.  
Dependence of QMVC on anthropometric factors in COPD 
Results of multiple linear regression analyses of healthy and COPD patients 
are shown. Regression coefficients indicate the change in QMVC force per 
unit change of each co-variable indicated. Gender difference represents 
females compared to males. P values <0.05 suggest statistically independent 
determinants in the regression equation. Gender did not reach the 
predetermined level of significance when COPD cohorts were analysed 
separately.  

Regression coefficient (95% CI) 
P-value 

 

UK Healthy (n=212) UK and NL COPD (n=591) 

(Constant)  56.2 (15.1 to 97.4) 
P=0.008 

19.6 (0.21 to 39.1) 
P=0.048 

Age  
(years) 

-0.30 (-0.44 to -0.16) 
P<0.001 

-0.31 (-0.38 to -0.24) 
P<0.001 

Sex  
(F-M) 

-3.42 (-7.28 to 0.42) 
P=0.081 

-2.60 (-4.43 to -0.78) 
P=0.005 

Height  
(cm) 

-0.15 (-0.40 to 0.11) 
P=0.254 

-2.47 (-13.44 to 8.49) 
P=0.657 

FFM  
(kg) 

0.68 (0.45 to 0.91) 
P<0.001 

0.81 (0.68 to 0.91) 
P<0.001 

FEV1 
(%predicted) 

- 0.047 (0.013 to 0.082) 
P=0.007 

Model r2 0.51 0.52 



 

 

 

 

 

 

 

 

 

 

 

 

Table 3.  
Prevalence of quadriceps weakness in COPD 
Percentage (and absolute count) of patients diagnosed with quadriceps weakness, split 
by gender and disease cohort. BMI, FFMI and QMVC in each group shown for reference 
Key: “a”, significant difference (P<0.05) compared to healthy subjects; “b”, significant 
difference between UK and Dutch COPD patients; “c”, significant difference between 
males and females. 

COPD   UK 
Healthy UK NL UK and NL 

Male N=94 N=161 N=200 N=361 

BMI (kg/m2) 26.1 (3.3) 24.4 (4.8) a 24.2 (4.5) a 24.6 (4.4) a 

FFMI (kg/m2) 18.8 (2.0) 16.6 (2.2) a 16.6 (2.0) a 16.6 (2.1) a  

QMVC (kg)  46.9 (12.3) 35.2 (10.7) a 33.9 (10.6) a 34.4 (10.6) a  

COPD patients with 
weak QMVC % (N) 

- 28 (45) 34 (68) 31a(113) 

Female N=118 N=79 N=151 N=230 

BMI (kg/m2) 24.1 (4.2) c 24.4 (5.0) 23.2 (4.2) c 23.6 (4.6) a 

FFMI (kg/m2) 15.2 (1.2) c 15.4 (1.9) c  14.6 (1.5) abc 14.9 (1.9) ac  

QMVC (kg) 33.6 (8.4) c  25.7 (9.9) ac 24.6 (6.9) ac 24.9 (8.1) ac 

COPD patients with 
weak QMVC % (N) 

- 39 (31) 31 (47) 34 (78) 

Male and female N=212 N=240 N=351 N=591 

BMI (kg/m2) 24.9 (3.9) 24.4 (4.8) 23.8 (4.4) a 24.0 (4.6) a 

FFMI (kg/m2) 16.8  (2.6) 16.2 (2.2) a 15.7 (2.1) ab 15.9 (2.1) a 

QMVC (kg) 39.5  (12.3) 32.0 (11.3) a 29.9 (10.4) ab 30.7 (10.8) a 

COPD patients with 
weak QMVC % (N) 

- 32 (76) 33 (115) 32 (191) 



 

Table 4.  
Clinical characteristics of Dutch COPD patients with and without quadriceps 
weakness 
Values presented are mean (SD) unless otherwise specified. P-values were derived from 
ANOVA unless indicated. (Key: “a” indicates use of Fishers exact test) 

 Normal QMVC 
(n=236) 

Weak QMVC 
(n=115) 

 
P-value 

Age 63 (9) 63 (11) 0.487 

Sex (%male) 56 59 0.647a 

FFMI (kg/m2) 15.7 (2.1) 15.8 (2.1) 0.583 

DEXABODY LM (kg) 45.6 (9.2) 43.6 (8.7) 0.057 

DEXALEG LM (kg) 14.1 (3.2) 13.2 (3.0) 0.013 

QMVC/DEXALEG 2.38 (0.43) 1.71 (0.32) <0.001 

TwQ/DEXALEG 0.56 (0.16) 0.46 (0.14) <0.001 

%predicted FEV1 (%) 46.2 (18.2) 40.6 (17.0) 0.006 

%predicted DLCO (%) 51.3 (17.8) 48.4 (18.7) 0.237 

RV/TLC (%) 56.3 (10.8) 59.7 (11.2) 0.008 

PaO2 (kPa) 9.40 (1.36) 9.21 (1.48) 0.237 

PaCO2 (kPa) 5.29 (0.66) 5.39 (0.76) 0.192 

6MWT (m) 452 (119) 403 (108) <0.001 

Wpeak (W) 74(33) 62(29) 0.002 

 
SGRQ 
Score 

 

Total score 
Symptoms 
Activities 
Impacts 

52.8 (17.0) 
60.2 (20.3) 
68.3 (19.4) 
41.7 (18.9) 

57.6 (16.0) 
65.5 (19.5) 
74.1 (18.1) 
45.8 (18.7) 

0.018 
0.033 
0.012 
0.076 

Abbreviations: FEV1, forced expiratory volume in one second; DLCO, diffusing factor for carbon monoxide; RV/TLC, 
residual volume to total lung capacity ratio; PaO2, peripheral oxygen content of arterial blood; FFM(I), fat-free mass 
(index); DEXABODY and DEXALEG, dual energy absorptiometry measurement of whole body and lower limb lean mass 
(LM); QMVC, isometric quadriceps maximum voluntary contraction force; TwQ, twitch quadriceps force following 
magnetic femoral nerve stimulation; 6MWD, six-minute walk test distance; Wpeak, peak exercise capacity measured by 
incremental cycle ergometry; SGRQ, St Georges Respiratory Questionnaire (lower score denotes improvement). 



DISCUSSION 

Using predicted values generated from a cohort of middle-aged and older individuals 

without spirometric evidence of airflow obstruction, quadriceps weakness was observed in 

approximately one-third of COPD patients accessing hospital outpatient services, in two 

European countries. Quadriceps weakness was demonstrated in approximately one-

quarter of patients with only mild airflow obstruction (defined by the British Thoracic 

Society as an FEV1 > 50% (12), equivalent to GOLD Stage 1 or 2) or mild dyspnoea (MRC 

dyspnoea score of 1 or 2).  

 

Critique of the method 

The study was retrospective in design and the regression analyses derived using the 

healthy data would ideally be verified in a prospective cohort. Although participating 

centres employed common measurement protocols, they did not use extreme measures 

(e.g. transport of patients between centres as biological controls) to absolutely exclude 

measurement differences arising from technique or equipment.  However, a similar 

prevalence of weakness was found in two large COPD cohorts from two countries, despite 

differences in age and sex distribution, suggesting that differences arising from 

measurement technique were small. Both age and sex were considered when predicting 

quadriceps strength in patients, and may contribute to the observed similarity.  

 

Clearly additional factors exist that might determine quadriceps strength. For example, the 

age range of the healthy subjects was selected to be similar to that typically observed 

among patients presenting with COPD, however, the majority of women were likely to be 

post-menopausal. Whether the same predictive estimates extend to pre-menopausal 

women or younger men is unclear.  Another obvious limitation of a retrospective study is 

that of the data available. Objective measurements of activity levels (e.g. using 



accelerometry) are relevant to lower limb strength, but were unknown. Cardiovascular co-

morbidity is common in COPD, and the absence of left ventricular dysfunction or occult 

peripheral vascular disease, was not definitively excluded in all patients. This could be 

more relevant to the Dutch clinical population than UK research participants, in whom 

clinically overt disease was excluded. Recruitment bias toward patients with weakness or 

low activity levels should be recognised, particularly among patients referred to a 

rehabilitation hospital. However, as previously noted, the observed prevalence of 

weakness was similar in the community dwelling UK patients, many of whom had already 

received pulmonary rehabilitation. Prospective data from community dwelling COPD 

patients in the community not previously known to hospital physicians is required in order 

to estimate the prevalence of quadriceps weakness in both primary and hospital care. 

 

Significance of the findings 

The prevalence of weakness in the absence of a severely reduced FEV1 warrants 

discussion, as does the observation that prior smoking history may be associated with 

quadriceps weakness in apparently healthy subjects without dyspnoea or airflow 

obstruction. Since reduced physical activity in general leads to muscle atrophy we suggest 

that some COPD patients may adopt a state of reduced activity before the onset of 

significant airflow obstruction or symptoms. This proposition is supported by the data of 

Watz and colleagues who, using objective activity monitoring, demonstrated that only 26% 

of their cohort classified as GOLD stage 1 had a physical activity level considered “active” 

among healthy subjects (33). Evidence that patients fail to adopt a high activity lifestyle for 

behavioural reasons may be inferred by a recent study reporting increased physical 

activity levels with prolonged rehabilitation, without further gains in quadriceps strength, 

(the latter typically achieved over a shorter time frame) (34).  

 



The second hypothesis is that cigarette smoking itself causes skeletal muscle disease, 

which in turn causes reduced physical activity. A direct effect of cigarette smoke has been 

suggested by studies that demonstrate increased quadriceps fatigue in young smokers 

(35, 36). Abnormalities have also been reported in muscle biopsies from the vastus 

lateralis of smokers without COPD (37). Interestingly, we could not detect an additional 

effect of current smoking status on strength in COPD in the present study. 

 

Most studies investigating quadriceps strength have focused on cohorts of symptomatic, 

moderate-to-severe COPD patients. Although, as expected we found that increasing 

airflow obstruction classified by GOLD stage was associated with a trend toward a higher 

prevalence of quadriceps weakness, the association was not strong. The MRC scale 

describes dyspnoea in relation to general activity levels and its relationship with 

quadriceps weakness would tend to support a model whereby inactivity secondary to 

dyspnoea leads to muscle dysfunction. The contribution of dyspnoea appeared more 

predictive of quadriceps weakness than the degree of airflow obstruction.  

 

Importantly a low fat-free mass index did not identify subjects at risk of quadriceps 

weakness, and comparable levels of BMI or FFMI were observed in COPD patients with or 

without weakness. A consensus on what constitutes a low fat-free mass index in middle-

aged and elderly populations, and the significance of any differences between countries 

has yet to be established. Others have reported that the prevalence of lower limb muscle 

wasting exceeds that of whole body lean mass depletion (26, 38). The observation that 

quadriceps weakness in COPD occurs in the absence of FFM wasting suggests that such 

patients may benefit more from direct quadriceps intervention, such as pulmonary 

rehabilitation or neuromuscular electrical stimulation, than systemic anabolic therapies. 

 



Whilst maximal muscle strength is commonly considered a function of available muscle 

mass, the Dutch cohort provided evidence that phenotypical quadriceps weakness is more 

complex then simple atrophy alone. QMVC normalised for lower-limb lean mass 

(DEXALEG) was reduced in weak subjects, suggesting that both quality, as well as quantity 

of muscle may be altered. A similar finding for TwQ normalised for DEXALEG suggests that 

quadriceps weakness is not merely a deficit of voluntary muscle activation. This finding is 

at variance with smaller studies reporting a close relationship between bulk and strength 

(17, 39), but is perhaps unsurprising given the larger sample reported. In one of these 

studies, QMVC normalised for mid-thigh thigh cross-sectional area measured by CT was 

reduced in subjects taking oral corticosteroids (39). No effect of oral steroids was observed 

in the Dutch cohort, or indeed in a previous study reported by our group (40).  

 

Given that quadriceps strength can convey prognostic information in COPD, and is not 

always a direct surrogate of low BMI or vice-versa, QMVC may improve the prognostic 

power of indices such as the BODE score. In its original description, the BODE score was 

associated with a generalized r2 of only 0.21 for predicting death in COPD.  One-fifth of 

COPD patients in the BODE quartile associated with the best prognosis demonstrated 

quadriceps weakness; it is unknown if such patients may be at additional risk.  

 

Reduced quadriceps strength relates to increased mortality and reduced exercise capacity 

in COPD. Overt and undetected disease, represent a major public health challenge. This 

retrospective study demonstrates that quadriceps weakness is detectable in early disease 

as judged by predicted FEV1 or the MRC dyspnoea scale. Future studies of quadriceps 

function in community dwelling patients unknown to hospital services, and in apparently 

healthy ex-smokers are needed to determine how widely this observation can be 

generalised beyond secondary care.  Detection of weakness could in theory be achieved 



alongside spirometry screening programmes. Pulmonary rehabilitation can ameliorate 

skeletal muscle strength in COPD, but has conventionally been reserved for symptomatic 

patients (MRC Scores of 3 or above) (12). It seems likely that patients with quadriceps 

weakness but only mild airflow obstruction may benefit from exercise-based training, 

although determining to optimal mode of delivery of such training to patients who may still 

be working or caring for family members may require innovative methodology. 

 

In summary, we have derived a predictive equation for quadriceps strength from healthy 

subjects, that is suitable as a reference guide for patients with COPD, By applying this 

equation to two separate cohorts of COPD patients, we showed that approximately one 

quarter of patients with mild COPD had quadriceps weakness. We suggest that inactivity 

and quadriceps strength may be an early feature of COPD in some patients, and may be 

amenable to rehabilitation. 
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