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// do remember one thing. 
ItIt took hours and hours but.. 

byby the time I was done with it, 

II was so involved, I didn't know what to think. 

II carried it around with me for days and days.. 

playingplaying little games 

likelike not looking at it for a whole day 

andand then., looking at it. 

toto see if I still liked it. 

II did. 

Kingg Crimson 

Indiscipline,Indiscipline, 1981 
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5.11 Abstrac t 

Functionall exercise tolerance in patients with chronic obstructive pulmonary disease 

(COPD)) is often assessed by the six minute walking test (6MWT). To assess if the use of 

multiplee factors adds to walking distance in describing performance in the 6MWT, an 

exploratoryy factor analysis was performed on physiological measurements and dyspnea 

ratingss recorded during testing. 

833 patients with mild to severe COPD performed repeated 6MWTs before inpatient 

pulmonaryy rehabilitation. Factor analysis on 15 variables yielded a stable 4-factor 

structuree explaining 78.4% of the total variance. Recorded heart rate variables 

contributedd to factor 1 ('heart rate pattern'); walking distance, heart rate increase and 

decreasee contributed to factor 2 ('endurance capacity'); oxygen desaturation variables to 

factorr 3 ('impairment of oxygen transport') and dyspnea and effort variables to factor 4 

('perceivedd symptoms'). Walking distance decreased in half of the 53 patients measured 

post-treatment,, but self-perceived change in exercise tolerance improved in 84% and 

wass explained by change in walking distance, by less desaturation and less dyspnea 

(R2=0.55,, p=0.005). Qualitative analysis showed that 29 of 53 patients improved in 3 

orr 4 factors. 

Performancee in the 6MWT can be described with four statistically independent and 

clinicallyy interpretable factors. Because clinically relevant changes consist of more than 

onlyy walking distance, assessment of functional exercise tolerance in patients with 

COPDD improves by reporting multiple variables. 

5.22 Introduction 

Impairmentt of functional exercise tolerance (FET) is an important feature of chronic 

obstructivee pulmonary disease (COPD). Physical deconditioning and impaired lung 

functionn are the main causes of decreased FET [1 ;2]. Self-pacing is suggested as another 

majorr contributor to performance in daily activities [3]. An important treatment goal in 

pulmonaryy rehabilitation is improvement of FET by exercise training and training of self-

pacingg skills [1;3]. However, exercise training and training of self-pacing skills may have 

contradictingg effects on outcome parameters for FET. FET is usually assessed by timed 

walkingg tests such as the six or twelve minute walking test because of the relevance of 

walkingg to daily activities [2;3]. The usual measure of performance in the six minute 

walkingg test (6MWT) is the walking distance. FET encloses more than walking distance 

andd additional information on other aspects such as dyspnea, oxygen saturation, 

cardiovascularr fitness and walking technique is needed [3;4]. However, changes in these 
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aspectss of FET, which may be of equal importance for a patient, are only seldom used to 

reportt results of walking tests [5;6]. In our opinion the effect of rehabilitation will be 

underestimatedd or misunderstood if the walking distance is the only outcome parameter 

forr FET, especially in programs with attention for self-pacing skills. Performance in an 

exercisee test should be described with multiple, responsive factors to give a more 

completee picture of (changes in) FET. 

Inn several studies with patients with COPD the statistical method of factor analysis has 

beenn used to characterize the pathophysiological condition of COPD [7-10]. Factor 

analysiss is a data-reduction method that reduces multiple interrelated variables to a few 

clinicall interpretable factors [11]. 

Thee first aim of our investigation was to describe baseline performance in the 6MWT 

withh more factors than only walking distance. These factors were derived from multiple 

variabless obtained from walking tests in patients with COPD. An exploratory factor 

analysiss has been performed on physiological measurements, dyspnea ratings and 

walkingg distance recorded during pre-treatment 6-minute walking testing. The second 

aimm was to assess if the use of multiple factors adds to walking distance in describing 

changee in performance after inpatient pulmonary rehabilitation (IPR). For this purpose, 

changee in the composite factors and recorded variables was compared with self-

perceivedd change in exercise tolerance. Change in health status was recorded to assess 

thee overall effectiveness of the IPR. 

5.33 Pa tien ts and methods 

5.3.11 Patients and program 

Wee studied patients with mild to severe COPD referred to the two-week diagnostic 

periodd preceding our 3 to 6 month inpatient pulmonary rehabilitation program (IPR). 

Thee duration of the IPR depends on the specific problems and individually tailored 

treatmentt goals of a patient (see §5.8.1.1). The main reasons for referral were an 

unstablee disease pattern and/or a high burden of disease, characterized by frequent 

hospitalization,, high medication usage and/or psychosocial problems. The inpatient 

programm aims at optimizing functioning in daily life. The key components of the program 

aree exercise training, optimizing the medication regimen, education, extensive 

psychosociall support and training of self-management skills, including self-pacing. Based 

onn previous experience and treatment goals, we expected a high variety in change in 

FET:: patients who improve in one aspect of FET may have worse scores on other 

aspects. . 
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Diagnosiss was done according to ERS-criteria [12] by the attending pulmonologist. All 

patientss gave their informed consent. The study protocol was approved by the medical 

ethicss committee. 

5.3.22 Assessments 

833 patients (see §5.8.1.2) were consecutively included in this study from March 1996 to 

Decemberr 1997 (including 3 younger patients having asthma with major irreversible 

airfloww obstruction). Pre-treatment assessments were done in the diagnostic period 

precedingg the inpatient pulmonary rehabilitation program. Post-treatment data were 

collectedd in 53 (see §5.8.1.3) out of 83 patients in the week prior to discharge. Lung 

functionn (see §5.8.1.4) values are expressed in %predicted [13]. Self-reported dyspnea 

wass assessed with the 5-point MRC dyspnea scale (range 1 - 5 ) [14]. Self-perceived 

changee in exercise tolerance was assessed at discharge with a global rating of change 

question,, using a 5-point response scale ('much worse', 'worse', 'the same', 'better', 

'muchh better'). Change in health status was assessed with the Quality of Life for 

Respiratoryy Illness Questionnaire (QoLRIQ) [15]. 

5.3.33 Walking test protocol 

Thee walking test protocol (see §5.8.1.5) was modified from Steele [3]. No 

encouragementt was given [16] as not to interfere with self-pacing. Transcutaneous 

oxygenn saturation (St02) and heart rate were measured with a portable pulse oximeter 

(N20-PA,, Nellcor Puritan Bennett, Pleasanton, USA). Perceived dyspnea and perceived 

effortt were rated with the modified Borg scale (range 0 — 10) [17]. 

5.3.44 Statistical analysis 

Statisticall analysis (see §5.8.1.6} included assessment of normality; summarizing baseline 

data;; significance testing for change in factors and in health status domains; computation 

off standardized response means (SRM) for health status domains; rank correlation 

coefficientss and forward stepwise multiple regression analysis to assess predictors for 

changee in walking distance. 

Ann exploratory factor analysis (see §5.8.1.7) [11] was performed on variables recorded 

duringg the last baseline test and on derived variables describing increase, decrease, 

minimumm and maximum. Factor analysis is a data reduction technique that exists of two 

steps:: clustering of variables with shared variance which yield 'factors' and then 

simplifyingg the factor structure by 'varimax rotation' which improves interpretability. 

Wee selected one original variable for each factor, based on a high factor loading and 

clinicall relevance [7]. The pattern of change in these selected variables was qualitatively 
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analysedd by dichotomising change scores to improvement (larger walking distance, 

higherr minimal saturation, less dyspnea, lower maximal heart rate) and deterioration. 

5.44 Results 

Patientt characteristics including anthropometric data, lung function variables and MRC 

dyspnea-scoree are presented in table 5.1. Most variables, except for the saturation 

variables,, were not normally distributed. Median and range of the variables used in the 

analysiss are listed in table 5.2. The minimal St02 is lower than the preset stop-criterion 

off 86%; this is caused by patients who continued to desaturate after stopping. There 

weree no significant differences at baseline between the groups with and without post-

treatmentt assessments. 

Tabl ee 5.1: Patien t characteristic s 

paramete r r meann (SD) Range e 

gender r 
male e 

female e 

age,, yr 

portablee oxygen / walking aidH 

both h 
onlyy walking aid 

onlyy oxygen 

MRC-scoree (range 1 - 5 ) 

FEVVV L 

FEV„„ %predicted 

FVC,, % predicted 

TLC,, %predicted 

RV,, %predicted 

42 2 
41 1 

60.4(12.0) ) 

20 0 

266 — 82 

4.6(0.7) ) 

1.04(0.45) ) 

36.9(12.8) ) 

72.6(19.7) ) 

116.7(22.2) ) 

185.8(48.2) ) 

2 --

0.38--

15.0--

2 8 . 0 --

7 0 . 0 --

110.9--

- 5 5 

- 2 . 4 6 6 

- 7 0 . 0 0 

-122.7 7 

-166.9 9 

-311 .0 0 

Abbreviations:: MRC = Medical Research Council dyspnea score; FEV, = forced expiratory 
volumee in one second; FEV,%pred = FEV, as percent of predicted value; FVC = forced 
vitall capacity; TLC = total lung capacity; RV = residual volume 
** walking aids: wheeled walker (26), walking stick (1), wheelchair (1) 

Thee principal components analysis yielded a 5-factor structure explaining 85.7% of the 

variancee in the data set. Because the 5th factor contained only one variable (dyspnea at 

0')) a four-factor structure was forced. This resulted in essentially the same factor 

structure,, explaining 78.4% of the total variance, with the one variable of the 5th factor 

contributingg to the 4 lh factor. The stability of the factor structure was checked by 

conductingg additional factor analyses. The structure remained the same and the 

percentagee explained variance and values and significance of the factor loadings did not 



multivariablemultivariable assessment of 6MWT 103 3 

appreciablyy change when excluding the 6 patients with mild COPD; by excluding the 

patientss with asthma; by excluding the patients without post-treatment measurements; 

byy using a different extraction method (maximum likelihood procedure); by use of other 

rotationn procedures such as oblique rotation; or by using the mean values of the three 

baselinee 6MWTs instead of the values of the last 6MWT. 

Thee significant factor loadings of the four-factor solution after rotation are listed and 

groupedd by factor in table 5.3. The heart rate at 0', 6', +2' and maximal heart rate 

loadedd significantly on factor 1. The walking distance, the heart rate increase while 

walkingg and heart rate decrease in the recovery period loaded on factor 2. St02 at 0' 

andd 6', minimal St02 and decrease in St02 loaded on factor 3. Dyspnea at 0' and 6', 

increasee in dyspnea and the perceived effort loaded on factor 4. Heart rate at 0' also 

hadd a moderate (>0.4) but non-significant loading on factor 2. The equations for the 

compositee variables are listed in table 5.4. Using the values of the baseline test with the 

highestt walking distance gave a small difference in the factor structure: heart rate at 6' 

andd maximal heart rate had also a significant loading (0.6) on factor 2, while the non-

significantt loading of heart rate at 0' disappeared. 

Tabl ee 5.2: Variable s used in the facto r analysi s 

paramete rr  media n rang e e 
HR0',, bpm 

HRR 6', bpm 

HRR +2' , bpm 

HRR max, bpm 

HRR increase, bpm 

HRR decrease +2 ' , bpm 

St022 0', % 

St022 6', % 

St022 minimum, % 

St022 decrease, % 

Dyspneaa 0' (range 0-10) 

Dyspneaa 6' (range 0-10) 

Dyspneaa increase 

Perceivedd effort (0-10) 

6MWD,, meters 

92 2 

109 9 

96 6 

113 3 

15 5 

-8 8 

95 5 

91 1 

93 3 

-3 3 

3 3 

4 4 

1 1 

3 3 

311 1 

611 —133 

800 — 17 4 

611 —141 

844 — 1  7 4 

-66 — 8 5 

-50—18 8 

900 — 10 0 

844 — 10 0 

833 — 9 9 

-1 22 — 1 

0 —5 5 

00 — 8 

-1—6 6 

00 — 1 0 

722 — 84 0 

Abbreviations:: HR = heart rate; HR max = maximal observed heart rate; HR+2' 
== heart rate after 2' recovery; HR increase = heart rate increase during walking 
test;; HR decrease +2 ' = heart rate decrease in 2'-recovery period, St02 = 
transcutaneouss oxygen saturation; 6MWD = six minute walking distance 
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Tabl ee 5.3: Significan t facto r loading s after rotatio n 

paramete r r 1 1 

Facto r r 

22 3 

HRO' ' 

HR6 ' ' 

HRR + 2' 

HRR maximum 

HRR increase 

HRR decrease +2' 

6MWD D 

St022 0' 

St022 6' 

St022 minimum 

St022 decrease 

Dyspneaa 0' 

Dyspneaa 6' 

Perceivedd effort 

Dyspneaa increase 

0.82 2 

0.91 1 

0.88 8 

0.87 7 

# # 

0.86 6 

0.83 3 

0.77 7 

0.66 6 

0.96 6 

0.99 9 

0.78 8 

0.66 6 

0.97 7 

0.90 0 

0.69 9 

Eigenvalu e e 

%% explaine d varianc e 

3.16 6 

21.0 0 

2.78 8 

18.5 5 

3.04 4 

20.2 2 

2.80 0 

18.7 7 

Onlyy significant factor loadings (>0,572) are listed. Non-significant factor loadings 
betweenn 0,4 and 0,57 are marked with # . Recalculated eigenvalues after rotation 
aree listed. For abbreviations see table 5.2. 

Tabl ee 5.4: Computatio n of composit e facto r variable s 

Facto rr  name Equatio nn usin g facto r scor e coefficient s 

Heartt rate pattern 

Endurancee capacity 

Impairmentt of oxygen 
transport t 

Perceivedd symptoms 

0.27*(HR0')) + 0.30*(HR 6') + 0.29*(HR+2') + 0.29*(HR-maximum) 

0.28*(6MWD)) + 0.31 *(HR increase) + 0.30*(HR decrease) 

0.22*(StO22 0') + 0.32*(StO, 6') + 0.33*(StO2 minimum) + 
0.26*(StO22 decrease) 

0.25*(dyspneaa 0') + 0.36*(dyspnea 6') + 0.34*(perceived effort) + 
0.26*(dyspneaa increase) 

Forr abbreviations see table 5.2 

Analysiss of the pre/post-treatment change in 53 patients was performed on both the 

compositee variables and the selected variables (1 for each factor). The results of 

significancee testing were similar for the composite and selected variables. For clarity only 

thee results of the selected variables are presented. Only minimal St02 showed a 

significantt improvement (mean 90.4% to 91.8% p=0.00008, range -2% to +4%). 

Analysiss of change in walking distance showed that 25 patients improved (median +54 

m,, range +1 to +178) and 28 patients walked less (median -46 m, range -4 to -159) 

(seee table 5.5). 
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Tabl ee 5.5: Chang e in walkin g distanc e 

chang ee in 6MWD (m) 

-2000 — -150 

-1500 —-100 

-1000 —-50 

-500 — 0 

00 — 50 

500 — 100 

100100 — 150 

150150 — 200 

N N 

1 1 

5 5 

6 6 

16 6 

11 1 

8 8 

4 4 

2 2 

Dyspneaa at 6' changed in a similar way: 12 patients improved 2 or more points, 9 

patientss had a worser dyspnea score (>2 points). Qualitive analysis showed that 29 out 

off 53 patients improved in 3 or 4 variables and 7 patients deteriorated in 3 variables 

(seee table 5.6). 

Tablee 5.6: Qualitative analysis of change in selected variables 

6MWD D StO,, minimu m Dyspne aa 6' HRR maximu m NN patients 

11 1 

6 6 

3 3 

1 1 

2 2 

2 2 

changee scores are dichotomised into + and — : + stands for improvement: larger walking distance, 

higherr minimal saturation, less dyspnea, lower maximal heart rate; — stands for deterioration: smaller 

walkingg distance, lower minimal saturation, more dyspnea, higher maximal heart rate 
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500 patients reported self-perceived change in exercise tolerance (see table 5.7): 42 

reportedd improvement while 17 of the subjectively improved patients had a lesser 

walkingg distance at discharge. The group of patients with an individualized treatment 

goall on improvement of exercise tolerance (n = 17) had a non-significant mean 

improvementt of 10 m in walking distance, accompanied by significant improvements in 

minimall oxygen saturation during the walking test (92.8% to 94%, p=0.009), perceived 

exertionn (4.1 to 3.1, p=0.01) and perceived dyspnea (4.1 to 3.1, p=0.01). 

Tabl ee 5.7: Self-perceive d chang e in exercis e toleranc e 

self-perceive dd chang e in patient s wit h decrease d patient s wit h improve d 

exercis ee toleranc e 6MWD 6MWD 

muchh worse 1 0 

worsee 3 0 

thee same 4 0 

betterr 12 11 

muchh better 5 14 

Changee in walking distance was significantly correlated with change in desaturation 

(r=0.43,, p=0.005), with self-perceived change in exercise tolerance (r=0.56, 

p=0.00002)) and with change in several health status domains: general activities, ADL-

functioning,, social activities, total score (r=0.47, 0.36, 0.39, 0.41, all p<0.05) but not 

withh change in maximal heart rate, change in dyspnea at 6' or initial walking distance. 

Onlyy change in desaturation and self-perceived change in exercise tolerance remained 

significantt predictors of change in walking distance in multiple regression analysis 

{adjustedd R2=0.48, p = 0.001). Multiple regression analysis on self-perceived change in 

exercisee tolerance with other change variables as independent variables showed that 

self-perceivedd change is not only explained by change in walking distance (R2=0.31, 

pp = 0.004) but also by less desaturation (additional R2=0.12, p=0.04) and less dyspnea 

(additionall R2=0.11, p=0.04) (total adjusted R2=0.55, p=0.005). 

Alll domains from the QoLRIQ improved significantly (see table 5.8). Most domains 

showedd moderate (SRM>0.5) to large (SRM>0.8) clinically relevant changes, with 

generall activities and ADL showing the largest absolute changes. 
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Tabl ee 5.8: Chang e in healt h statu s 

107 7 

Domai nn name 

Breathingg problems 

Physicall problems 

Emotions s 

Generall activities 

Triggeringg situations 

Activitiess of daily life 

Sociall activities 

QoLRIQ-total l 

aa median score; 
bb SRM= change score 

baselin ee score a 

3.44 4 

3.38 8 

3.22 2 

4.50 0 

3.14 4 

5.14 4 

4.43 3 

3.87 7 

chang ee score a 

0.67 7 

0.67 7 

0.67 7 

1.50 0 

0.57 7 

1.00 0 

0.57 7 

0.72 2 

p-valu e e 
off  chang e 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.0004 4 

<0.0001 1 

0.02 2 

<0.0001 1 

dividedd by standard deviation of change score 

SRMb b 

0.77 7 

0.84 4 

0.73 3 

0.95 5 

0.56 6 

0.79 9 

0.43 3 

0.94 4 

5.55 Discussion 

Thiss study presented a new, more detailed approach of analysing the 6MWT as a 

measuree of performance for patients with COPD. Encouragement was omitted from the 

walkingg test protocol as not to interfere with self-pacing. Factor analysis of a set of 

variabless with clinical relevance to FET yielded a stable 4-factor structure. The use of 

multiplee factors allowed a detailed assessment of change in FET: a) the major part of the 

patientss improved in two or more factors; b) patients with an individualized treatment 

goall on improvement of exercise tolerance improved significantly in all factors except 

walkingg distance; and c) the improvement in self-perceived exercise tolerance was 

explainedd by walking distance, less desaturation and less dyspnea, while the larger part 

off the patients showed a decrease in walking distance. 

5.5.11 Factor structure 

Besidess walking distance, measurements of physiological parameters and dyspnea 

ratingss were obtained from 83 patients with mild to severe COPD. Factor analysis 

reducedd the 15 selected variables to 4 factors explaining 78.4% of the total variance in 

thee data set. Our clinical interpretation of the factors is as follows. Factor 1 contains the 

heartt rate variables measured during testing. This factor describes the 'heart rate 

pattern'.pattern'. Factor 2 is made up of the walking distance and the two dynamic heart rate 

variables:: the increase while walking and the decrease in the recovery period. This 

factorr is interpreted as 'endurance capacity'. The variables for oxygen (de)saturation 
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belongg to factor 3; this can be interpreted as 'impairment of oxygen transport'. Factor 4 

containss the dyspnea and effort variables; this factor is named 'perceived symptoms'. 

Thee factor score coefficients resulting from the factor analysis were used to compute a 

compositee variable for each factor (see §5.8.2.1). Following the suggestion by Ries et a/. 

[7],, we selected for each factor the variable that represents most closely the conceptual 

meaningg of the factor. This variable should be a valid outcome measure and combine a 

highh factor loading with a clear clinical interpretation. We selected as follows: maximum 

heartt rate for factor 1 ; walking distance for factor 2; minimal saturation for factor 3; and 

perceivedd dyspnea at 6' for factor 4. 

5.5.22 Change in FET 

Inn this study we further assessed if the obtained factors added to walking distance in 

describingg change in FET after treatment in 53 patients. Only minimal StO, improved 

significantly.. Despite the lack of significant change in the other selected variables, 

moderatee to large, both positive and negative changes were seen. The qualitative 

analysiss showed a high variation in the pattern of change: most patients improved in two 

orr three variables but deteriorated in another variable. Although we neglected the 

magnitudee of the changes, this analysis suggests that patients with a lesser walking 

distancee are not necessarily deteriorated because they may have improved in other 

factors.. This suggestion is supported by three findings in this study: a) all health status-

domainss showed a statistically highly significant and clinically relevant improvement; b) 

patientss with an individualized treatment goal on improvement of exercise tolerance 

improvedd significantly in all factors except walking distance and c) the major part of the 

patientss with a lower walking distance at discharge perceived an improved exercise 

tolerance.. This last point was also found by Redelmeier et a/ [18]; their suggestion was 

thatt patients do not have perfect memory of their past functional status. We think that 

thee difference between objective and subjective change is mainly explained by change 

inn other factors related to FET. An advantage of our factor approach may be that in case 

off specific treatment goals, analysis of change may be focused on the factor related to 

thatt treatment goal, such as improvement of dyspnea or 02desaturation. 

5.5.33 Factor analysis in COPD 

Factorr analysis has previously been used in studies with patients with COPD [7-10]. 

Thesee studies selected several pathophysiological measurements and dyspnea 

assessmentss from clinical ratings and disease-specific health status measures in order to 

characterizee the pathophysiological condition of COPD. In contrast to these studies we 

selectedd only variables from one specific exercise test {the 6MWT). We excluded 

variabless related to FET that can not be recorded during testing. In our study walking 
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distancee and dyspnea ratings belong to different factors, which suggests that they are 

differentt aspects of FET [3]. In the study by Wegner et al [9] walking distance and 

dyspneaa ratings formed a factor together, apart from airway obstruction and pulmonary 

hyperinflation.. In factor analysis studies without walking distance, all dyspnea measures 

falll into one factor [8; 10]. The sample sizes of all studies using factor analysis in patients 

withh COPD, including our own study, are smaller than recommended [11]. Despite this 

thee factor structures are stable, which may be explained by the use of homogenous 

patientt groups. 

5.5.44 Limitations 

Thiss study has several limitations. We already mentioned the rather small but apparently 

adequatee sample size. Our protocol for the walking test differed in several aspects from 

thee protocol proposed by Steele [3], most noticable in omitting standard phrases of 

encouragement.. We had two reasons for not providing encouragement. The first is that 

wee expected that the most severely impaired patients would need frequent resting 

duringg the walking test. We felt that an encouraging phrase while a patient is resting is 

unbecoming.. The second reason is that training of self-pacing skills is an important 

treatmentt goal in our IPR program. Encouraging may interfere with acquired self-pacing 

skill.. Because the effect of encouragement is large (about 30 m) [16], comparisons to the 

changee in walking distance found in the literature must be made with caution. The 

thresholdd for clinical relevant change in walking distance of 54 m suggested by 

Redelmeierr [18] may not be valid using this modified protocol. A different approach to 

computingg the size of clinically relevant change is the effect size [19]. Using the baseline 

standardd deviation of 152 meters (this study), a small effect size of 0.2 would be equal to 

aa difference of 30.4 meters. 

Ourr study showed no overall improvement in six minute walking distance. This is at 

variancee with the results of most pulmonary rehabilitation programs, both outpatient 

andd inpatient. This lack of significant change in walking distance may be partly 

explainedd by the absence of encouragement; partly by the focus on self-pacing skills (see 

§5.8.2.2)) and partly by the variation in the individualized treatment goals. 

Anotherr limitation is that we did not include several variables associated with self-pacing 

thatt may improve the clinical interpretability and explained variance of the factor 

analysis.. Alas, we recorded 'time spent resting' and 'frequency of resting' only in a small 

partt of the study group. 



110 0 chapterchapter 5 

5.5.55 Clinical relevance 

Inn our opinion, a multifactorial interpretation of the six minute walking test will be of 

valuee in the estimation of clinical efficacy of rehabilitation programs and in the 

assessmentt of FET. The main advantage of using multiple factors (or variables) to 

describee performance is the possibility to assess change in several aspects of FET 

simultaneouslyy instead of only in one aspect, which is one of the disadvantages of the six 

minutee walking test [20]. When assessing change in several variables simultaneously, a 

statisticall and a clinical problem arises. The statistical problem is the increased type I 

errorr due to multiple testing (see §5.8.2.4), which can be controlled by applying a 

Bonferronii correction. The clinical problem is to judge the importance of the observed 

changess in all factors together. It will depend on the specific treatment goal for a patient 

andd the size of the changes if the improvement in one factor outweighs the deterioration 

inn another factor. This judgment may be aided by assessing the self-perceived change in 

exercisee tolerance and the patient's satisfaction with that change. Reviewing several 

aspectss of FET simultaneously can be compared to analysing a multi-domain quality of 

life-questionnaire,, it is important to know if an overall improvement did occur, but it 

mayy be much more interesting to know which domains did improve and to analyse the 

patternn of improvement. Reporting multiple factors will be especially useful for 

(pulmonary)) rehabilitation programs with attention for training of self-pacing skills as a 

methodd to prevent dyspnea and exhaustion: a decrease in walking distance may be 

accompaniedd with less desaturation and less dyspnea or perceived effort, as was shown 

inn this study. 

Thee clinical relevance of multi-aspect reporting of FET lies both on programme and on 

patientt level. On programme level it is necessary to know if the observed change 

resembless the main treatment goals, if patients have improved in those areas that 

receivedd most attention, and if patients that worsened on an outcome measure such as 

walkingg distance, improved on other aspects of FET. This last argument is also important 

too individual patients. A worsening in walking distance may leave the patient 

disappointedd about the treatment result and probably confused if the patient 

experiencedd a subjective improvement in FET. Reporting change in FET in more detail, 

whilee comparing to the expected treatment results, may clarify this confusion in patients. 

5.5.66 Further research 

Severall topics addressed in this study need further investigation. The magnitude of 

clinicallyy relevant changes and valuing positive and negative changes simultaneously are 

basicc questions for all situations with multiple outcome measures. Furthermore, the 

analysiss of treatment effects with regard to the individual goals of a patient is essential for 

alll treatment programmes that employ individual adaptation of treatment based on the 
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specificc problems of the patient. Lastly, the factor structure found in this study should be 

confirmedd in other patient samples, including both in- and outpatients with COPD. 

5.66 Conclusion 

Too conclude, performance in six minute walking testing can be described by 4 statistical 

independentt and clinical interpretable factors: endurance capacity, heart rate pattern, 

perceivedd symptoms and impairment of oxygen transport. Assessment of change in 

performancee is improved by using selected variables representing these factors instead of 

merelyy walking distance. Reviewing change in all factors simultaneously may be useful 

bothh in clinical and in research settings. 
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5.88 Data supplement to: "Multivariable assessment of the six minute walking 

testtest in patients with COPD" 

AmAm J Respir Crit Care Med 2001; 163: 1567 - 1571 

5.8.11 Methods 

5.8.1.11 Individualized adaptations of the standard IPR-programme 

Becausee of the large variation in individual problems and the essential role of motivation 

inn pulmonary rehabilitation [1], individualized treatment goals are formulated by the 

multidisciplinaryy treatment team in consultation with the patient. The treatment goals 

aree based on the two-week multidisciplinary diagnostic period. 

5.8.1.22 Exclusion of patients 

99 patients were excluded because of one of the following exclusion criteria: poor 

languagee skill; musculoskeletal problems; cardiac problems or severe hypoxia (not 

reachingg an oxygen saturation of 86% at the start of the walking test while using 

additionall oxygen). 

299 out 83 patients used additional oxygen, a walking aid or both (see table 5.1) 

5.8.1.33 Post-treatment dropout 

111 patients were not eligible for the IPR, mainly because of psychosocial comorbidity or 

lackk of motivation; 2 did not complete the I PR; 4 were transferred to another hospital 

becausee of comorbidity; 2 had a prolonged exacerbation at discharge from the IPR; 4 

declinedd further cooperation; 2 patients started with additional oxygen during the IPR 

andd were not allowed to exercise without; 5 patients were not assessed at discharge due 

too other reasons. 

5.8.1.44 Lung function measurements 

FEV,,, FVC, TLC and RV were measured with a Lilly type pneumotachometer system and 

aa bodyplethysmograph (Masterlab, Jaeger, Hoechberg, Germany) and performed by a 

trainedd en experienced lung function assistant. 

5.8.1.55 Walking test protocol 

Thee walking test protocol was modified from Steele [2]. The walking test was performed 

threee times in five days (pre-treatment) and one time post-treatment in a quiet hospital 

corridorr of 40 meters length. The corridor was marked every meter for precise 

assessmentt of walking distance. The level of supplemental oxygen and the use of a 

walkingg aid were recorded before the first test and kept constant in subsequent tests. 

Afterr instruction about the goal of the test the patients were asked to cover as much 
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groundd as they could achieve during 6 minutes, without extreme breathlessness or 

fatiguee [3]. If needed resting was allowed; patients were asked to start walking again as 

soonn as they could. No encouragement was given [4] as not to interfere with self pacing. 

Thee time passed was mentioned every minute. Measurement of heart rate and 

transcutaneouss oxygen saturation (St02) was done with a portable pulse oximeter (N20-

PA,, Nellcor Puritan Bennett, Pleasanton, USA) at baseline (0'), every minute during 

testing,, at the end of test {6') and 2 minutes after stopping (+2 ' , recovery period). If St02 

decreasedd to 86%, the patient was asked to stop. The patient was asked to walk on as 

soonn as St02 reached 90%. Ratings of perceived dyspnea and perceived effort were 

obtainedd at baseline (dyspnea only) and immediately after stopping using the modified 

Borgg scale (range 0 — 10) [5]. The maximal heart rate and minimal saturation reached 

duringg testing were recorded. 

5.8.1.66 Statistical analyses 

Thee Shapiro-Wilk W Test was used to assess normality. Baseline data were summarized 

withh the mean and standard deviation or with the median and range. Significance of 

changee in health status domains was tested with the wilcoxon matched pairs test; 

clinicall relevance of these changes was assessed with the standardized response mean 

(SRM):: the change score divided by the standard deviation of that change score [6]. The 

SRMM is interpreted as an effect size: 0.2 represents a small clinically relevant change, 0.5 

aa moderate change and 0.8 or higher a large change. Rank correlation was computed 

withh Spearman's r. Testing of pre/post-treatment change of each factor was done 

univariatee with the dependent t-test or the Wilcoxon matched pairs test (a=0.01 after 

Bonferronii correction for multiple testing on 4 variables, overall a=0.039 [7]). Forward 

stepwisee multiple regression analysis was used to assess predictors for change in walking 

distancee and self-perceived change in exercise tolerance. 

Alll statistical analyses were performed with Statistica for Windows version 5.1 (Statsoft 

Inc.,, Tulsa, OK, USA, 1998). 

5.8.1.77 Factor analysis 

Ann exploratory factor analysis [8] was performed on variables recorded during the last 

baselinee test and on derived variables describing increase, decrease, minimum and 

maximum.. Variables with redundant information (e.g. heart rate and St02 at 2' to 5') 

weree excluded from the analysis. Because time spent resting was not assessed in all 

patientss it was also excluded from analysis. Factor analysis is a data reduction technique 

thatt exists of two steps: extraction and rotation of the factors. Principal components 

analysiss was used to extract (cluster) variables with shared variance. A cluster of variables 

iss called a latent variable or factor. Each factor is independent or uncorrected with the 
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otherr factors (orthogonality). The correlation of a variable with a factor is called 'factor 

loading'.. Only factor loadings >0,572 were included because this is the critical value for 

significancee with N = 80 [8], Eigenvalues provide a measure of the proportion of variance 

explainedd by successive factors. Factors with an eigenvalue >1 were retained (Kaiser-

criterion)) [8]. The obtained factors were rotated with the varimax normalized rotation 

procedure.. With varimax rotation a factor loads high on a few variables and low on all 

otherr variables. This simplifies the factor structure and improves interpretability. 

Interpretationn and naming of the factors is done by examining which variables load 

significantlyy on a factor after rotation. 

5.8.22 Discussion 

5.8.2.11 Composite or original variables 

Whenn using the factor approach, a choice must be made between the use of a 

compositee variable and the use of one original variable for each factor. Although 

compositee variables can be easily computed from the factor score coefficients of the 

variabless contributing to that factor, we have several reasons to prefer the use of selected 

originall variables. Composite variables can not be interpreted as easily as an original 

variable;; the factor score coefficients may differ between populations which limits 

comparabilityy between studies; in clinical practice a composite variable cannot easily be 

usedd as a clinical measure; significance testing gave the same results for both the 

compositee variables and the selected variables. Following the suggestion by Ries et al. 

[9],, we selected for each factor the variable that represents most closely the conceptual 

meaningg of the factor. This variable should be a valid outcome measure and combine a 

highh factor loading with a clear clinical interpretation. The selection could be as follows. 

Maximumm heart rate for factor 1 (heart rate pattern); walking distance for factor 2 

(endurancee capacity); minimal saturation for factor 3 (impairment of oxygen transport); 

andd lastly perceived dyspnea at 6' for factor 4 (perceived symptoms). 

5.8.2.22 Lack of walking distance improvement 

Ourr study showed no overall improvement in six minute walking distance. This is at 

variancee with the results of most pulmonary rehabilitation programs, both outpatient 

andd inpatient. This lack of significant change in walking distance may be partly 

explainedd by the absence of encouragement, partly by the focus on self-pacing and 

partlyy by the variation in the individualized treatment goals. Although exercise training is 

aa major part of the common treatment programme, it depends on the specific problems 

off a patient which aspects of functional exercise tolerance receive the most attention. In 

aa large part of our patients, self pacing is an important treatment goal. Self pacing skills 
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aree necessary to prevent dyspnea and desaturation but may result in a lesser walking 

distance.. A smaller walking distance does therefore not imply a lack of treatment result. 

Thiss is supported by the improvement in ADL-functioning which is closely related to 

functionall exercise tolerance. The main predictors of change in walking distance were 

changee in self-perceived exercise tolerance and change in desaturation. 

5.8.2.33 Relation of walking distance with other variables 

Recentt studies using multiple regression analysis have shown that walking distance is 

significantlyy determined by anthropomorphic variables in healthy adults (age, height, 

weight)) [10] and by several physiological variables in patients with COPD. These 

variabless include maximal inspiratory pressure (Pimax) [11-13], peripheral muscle strength 

(quadricepss force) [13] and diffusing capacity (TLCO) [11;14;15] (although TLCO may be 

onlyy significantly related in univariate analysis [13]). We did not include these variables 

inn our analysis because they can not be measured during a walking test. The relationship 

off walking distance with FEV, is unclear: some studies found a significant correlation 

[111 ;12;14-16] but others found no relation [13;17;18]. Walking distance is also related 

too dyspnea in univariate analysis [11;12;15;19] although results of multiple regression 

analysiss contradict [11;12]. Walking distance is moderately correlated with the physical 

dimensionn of the Sickness Impact Profile [12;20] but not with emotional status [16] or 

thee fatigue, emotion and mastery domains of the Chronic Respiratory Disease 

Questionnairee [11]. The non-correlated factors in the current study confirm the finding 

off Mak et al [15] that 0 2 desaturation is not related to walking distance or degree of 

perceivedd exertion and breathlessness. 

5.8.2.44 Multiple testing 

Whenn testing multiple variables simultaneously, the type I error rises often above the 

acceptedd 5% level. A solution to the problem of increased type I error is multivariate 

significancee testing (multivariate repeated measures analysis of variance, MANOVA). 

Althoughh this approach could give a one-test solution to the question if significant 

changee happened in the combination of the four factors, there are several reasons why 

thee use of MANOVA is not valid in this study. Firstly, our data did not met the stringent 

assumptionss of MANOVA, such as multivariate normality and homogeneity of variance. 

Secondly,, multivariate testing may lack power if the dependent variables are 

uncorrelatedd [7], which in this is study was caused by orthogonal extraction of principal 

components.. Thirdly, the results of a MANOVA are difficult to interpret and the one-test 

answerr gives no insight in which factors did change and by how much. So we chose the 

otherr possible solution: applying a Bonferroni correction. 
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