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4 4 
Imputatio nn of missin g data and 

sensitivit yy  analysi s in an outcom e stud y 
off  inpatien t pulmonar y rehabilitatio n 

Henkk F. van Stel 



AliceAlice hastily corrected herself. 7 meant it the other way. 

'It's'It's too late to correct it/ said the Red Queen; 

whenwhen you've once said a thing, that fixes it, 

andand you must take the consequences.' 

Lewiss Carroll 

AliceAlice in Wonderland, 1865 
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4.11 Introductio n 

Thee outcome of pulmonary rehabilitation for patients with chronic obstructive pulmonary 

diseasee (COPD) has been studied extensively in recent years. Both outpatient and inpatient 

pulmonaryy rehabilitation programs show short- and long-term improvements in health 

statuss and exercise capacity when compared to a control group [1 -33. A number of studies 

onn the outcome of inpatient pulmonary rehabilitation (IPR), including the study described 

inn chapter 2 and 3 of this dissertation, are affected by high dropout rates, causing missing 

dataa [4-12]. There are two problems associated with missing data [13]. The first is loss of 

statisticall power because there are fewer observations: several statistical techniques, such 

ass multivariate analysis of variance, exclude cases with a missing value. The second, often 

moree important problem is that missings may bias the results of a study. There is more bias 

whenn there are more missings and when the missings are not at random (selective dropout) 

[14].. This bias threatens the internal validity and generalizability of the study findings, so 

analysiss of missing data is required. 

Somee studies on the outcome of I PR assessed whether the dropout was selective [9; 10]; but 

otherss ignored up to 50% missings [7;12]. None of the outcome studies on IPR tested the 

robustnesss of the findings by imputingthe missing data. Therefore, missing data analysis was 

donee on the outcome study of IPR described in chapter 2 and 3, which had a substantial 

dropoutt both during the treatment phase and the follow-up phase. 

Missingg data analysis consists of documenting the reasons for missings, analysing covariates 

thatt explain variability in outcome and in missings, imputing of the missing values, and 

performingg sensitivity analysis [13]. The use of imputation is to check if something changes 

inn the magnitude and significance of the observed difference when all data are used [15]. 

However,, imputation is always an estimate, so sensitivity analysis is required, especially 

whenn simple imputation methods are used [16]. Simple imputation, such as imputing 

missingss with the mean of the non-missings ('mean substitution') and last value carried 

forwardd (LVCF), ignore available information and attenuate variance [15]. Fairclough gives 

ass a reason for doing sensitivity analysis, that it is difficult to choose between the numerous 

potentiall methods of imputation and analysis [17]. 

Thee approach in the current study is different from other imputation studies. While most 

imputationn studies search for the method that has the least bias, in this study the possible 

outcomess for the dropout patients dictate the imputation method. Imputation is done for 

thee two most important outcome measures of IPR for patients with asthma or COPD (see 

chapterr 2 and 3): the change in health status (from pre- to post-treatment) and the 

differencee in hospitalization in the year pre-IPR compared to the year post-IPR. There are 

severall possibilities for what could have happened to the dropouts in the remainder of the 
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study-period:: they could have improved, stayed the same or could have deteriorated. Two 

typess of dropout are distinguished in this study: treatment- or illness-related dropout and 

study-relatedd dropout. The sensitivity analysis comprises four scenarios, ranging from 

optimisticc to pessimistic. The construction of these scenarios was based on the outcome 

possibilitiess and the dropout type. The scenarios consists of decision rules for each group 

off dropouts, and an imputation method for each decision. Furthermore, missings were 

imputedd using multiple imputation software. The robustness of the findings in the patients 

whoo completed the outcome study was then analysed by performing a significance test on 

thee difference between the pre-treatment data and each set of imputed post-treatment 

data. . 

4.22 Method s 

Chapterr 2 and 3 describe an outcome study of I PR for patients with moderate to severe 

asthmaa or COPD. 56 patients with asthma and 84 patients with COPD were included in 

observationall outcome study with follow-up at 6 and 12 months post-IPR. The major 

outcomee measures of this study were health status, exercise capacity, hospitalization before 

andd after IPR, emotional well-being, and use of medication. Both the patients with asthma 

andd the patients with COPD improved significantly in all these outcome measures except 

exercisee capacity. Because of the high dropout during this study, the findings needed testing 

off their robustness by performing missing data analysis. Because reducing hospital 

admissionss and improving health status are the most important goals of the I PR-programme, 

theyy were selected for missing data analysis. 

4.2.11 Outcome measures 

Healthh status was assessed with the Quality of Life for Respiratory Illness Questionnaire 

(QoLRIQ)) [18], a validated outcome measure for both patients with asthma and patients 

withh COPD. The QoLRIQ is divided in 7 domains; a total score is computed from all 55 

items.. The QoLRIQ uses a 7-point response scale; a higher score represents more 

impairment.. The minimal important difference is estimated at 0.5 points, within a range 

fromm 0.4 to 0.6 (see chapter 6 of this dissertation). The post-IPR QolRIQ-total score was 

selectedd for imputation. 

Numberr of hospital admissions and days in the year pre-IPR were taken from the patient's 

self-reportt and checked with the medical chart. Post-IPR hospitalisation was taken from the 

patient'ss self-report at the 6 month and 12 month follow-up assessments. Imputation was 

donee for both admissions and days, at 6 months and 12 months post-IPR. 



imputationimputation of missing data in outcome of tPR 83 3 

4.2.22 Missing data analysis 

Generally,, three types of missings are distuingished [13;14]: (1) missing completely at 

randomm (MCAR, missing is independent of both unobserved and observed data), (2) missing 

att random (MAR, missing depends on observed data, such as a previous value, but not on 

unobservedd data), and (3) missing not at random (MNAR, missing depends on observed 

dataa and on the missing value itself). Patients who dropped out of this study were labelled 

ass being a study-related dropout or a treatment/illness-related dropout The main reasons 

forr study-dropouts were organisational problems; refusal to cooperate with the study any 

further;; no contact with the patient despite several attempts (eg. patient moved). The main 

reasonss for treatment/illness-related dropouts were discharge to another hospital because 

off (new) comorbidity; preliminary termination of the I PR program; death; too ill to 

participatee or in hospital at the per-protocol assessment moment. The study dropouts are 

assumedd to be MCAR or MAR, butthe treatment/illness-related dropouts are clearly MNAR. 

Stepp one of the missings data analysis was to describe the dropout pattern. Step two was 

too identify variables that are associated with dropout, by assessing if there were differences 

betweenn completers, treatment/illness-related dropouts and study dropouts using analysis 

off variance with post-hoc testing (Tukey's HSD), distinguishing between dropout during the 

treatmentt phase and dropout during the follow-up phase. The following variables were 

tested:: age; gender; diagnosis; disease severity; forced expiratory volume in 1 second; 

numberr of hospitalisations pre-IPR; days in hospital pre-IPR; self-assessed health status at 

baseline;; emotional well-being and experienced invalidity at baseline (from the Medical 

Psychologicall Questionnaire for Lung Patients [19]); QoLRIQ-domains at baseline; number 

off steroid courses / antibiotic courses / combined steroid-antibiotic courses for 

exacerbations;; baseline dose of oral steroids and baseline dose of inhaled steroids; change 

inn QoLRIQ-domains; change in self-assessed health status. Step three was to imputate 

missingss (see below); step four was to perform dependent t-tests to assess the significance 

off the change from pre-IPR to post-IPR in each scenario. 

4.2.33 Imputation methods 

Imputationn was done in two ways: according to the decision model described in detail 

below,, and by using the free software program NORM version 2.03 by J.L. Schafer 

(Departmentt of Statistics, Pennsylvania State University, http://www.stat.psu.edu/~jls/ 

misoftwa.html).. NORM is a program for multiple imputation of incomplete multivariate 

data.. The program uses information in other variables (multivariate prediction model) for 

estimatingg parameters (means, variances, and covariances) and for imputing missing values. 

Onee of the assumptions of multiple imputation in NORM is that the missings are MAR. 

http://www.stat.psu.edu/~jls/
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Strictlyy spoken, treatment/illness related dropout, which is MNAR, should not be imputed 

usingg NORM. This was a major reason to develop the decision model. 

Thee prediction model for 6-month post-IPR hospital admissions in patients with COPD 

includedd the following variables: 6-month pre-IPR hospital admissions, 6-month post-IPR 

hospitall admissions and the dropout reason (completer, illness-related dropout, study 

dropout).. This model gave unlikely, counter-intuitive results: all illness-related dropouts 

wouldd have had zero post-IPR admissions (which was set as the lower border), and all study 

dropoutss would have had three post-IPR admissions (which was set as the upper border). 

Inclusionn of improvement in QoLRIQ-total score in the prediction model did not change 

thesee results. Similar results were found for the 12-month imputation and for imputing 

missingg hospital admissions in patients with asthma. These unreliable results are not further 

reported. . 

AA model with gender, disease severity, age, IPR-dropouttype, pre-IPR QoLRIQ total score 

andd post-IPR QoLRIQ total score to impute missings in post-IPR QoLRIQ total score also 

resultedd in quite unbelievable values: only mininal and maximal scores (i.e. 1's and 7's). 

Gender,, age and disease severity appear to be bad predictors because of their low 

correlationss with post-IPR QoLRIQ total score. The final model for imputing the post-IPR 

QoLRIQ-totall score included only IPR-dropouttype (completer, treatment dropout, study 

dropout)) as a dummy variable and both the pre- and post-IPR QoLRIQ-total score (with 

logitt transformation which allows to set borders, at 0.99 and 7.01). This model gave sensible 

values,, that is, somewhere in the range between 1 to 7 and clinically plausible for each 

patient. . 

4.2.44 Decision model for imputation of missing data 

Generall information: 

 four different scenarios: optimistic, realistic, sombre, pessimistic; 

 patients who died remain missing in imputation analysis; 

 treatment dropouts include both treatment dropouts (IPR-phase) and illness-related 

follow-upp dropouts; 

 study dropouts include both study dropouts (IPR-phase) and other reason follow-up 

dropouts; ; 

 all imputation is done by hand; 

 LVCF = last observation carried forward. 
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Scenari oo 1, Optimistic : treatment dropouts and study dropouts show similar improvement 

asas study completers 

A.. imputed value post-IPR QoLRIQ-total O: 

1.. asthma: 0.7 * pre-IPR QoLRIQ-total score 

2.. COPD: 1.22 + 0.41 * pre-IPR QoLRIQ-total score 

B.. imputed value number of hospital admissions and admission duration in follow-up 

period: : 

1.. dropouts without admissions pre-IPR get zero admissions post-IPR 

2.. dropouts with admissions pre-IPR: pre-IPR rate divided by diagnosis-specific 

ratee of decline in hospital admissions © © 

Scenari oo 2, Realistic : treatment dropouts have not improved; study dropouts show similar 

improvementimprovement as study completers 

A.. imputed value post-IPR QoLRIQ-total: 

1.. treatment dropouts: imputing pre-IPR QoLRIQ-total score (LVCF) 

2.. study dropouts, asthma: 0.7 * pre-IPR QoLRIQ-total score O 

3.. study dropouts, COPD: 1.22 + 0.47* pre-IPR QoLRIQ-total score © 

B.. imputed value number of hospital admissions and admission duration in follow-up 

period: : 

1.. treatment dropouts: imputing pre-IPR number of admissions and admission 

durationn (LVCF) 

2.. study dropouts: pre-IPR number of admissions and admission duration 

dividedd by diagnosis-specific rate of decline in hospital admissions © O © 

Scenari oo 3, Sombre : both treatment dropouts and study dropouts have not improved 

A.. imputed value post-IPR QoLRIQ-total: for both treatment dropouts and study 

dropoutss the pre-IPR QoLRIQ-total score (LVCF) 

B.. imputed value number of hospital admissions and admission duration in follow-up 

period:: number of pre-IPR admissions (LVCF) © 

Scenari oo 4, Pessimistic : treatment dropouts have deteriorated; study dropouts have not 

improved improved 

A.. imputed value post-IPR QoLRIQ-total: 

1.. treatment dropouts: pre-IPR QoLRIQ-total score + 2 * 0.5 (0.5 = minimal 

importantt difference) 

2.. study dropouts: pre-IPR QoLRIQ-total score (LVCF) 

B.. imputed value number of hospital admissions and admission duration in follow-up 

period: : 
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1.. treatment dropouts: imputing doubled number of pre-IPR admissions and 

admissionn duration (with a maximum of 183 days in 6 months or 365 days in 

122 months) 

2.. study dropouts: imputing number of pre-IPR admissions (LVCF) © 

OO change in QoLRIQ total score based on regression analysis in the patients who 

completedd IPR. 

©© diagnosis-specific rate of decline in number of hospital admissions and admission 

durationn is based on table 2.4 in chapter 2 ("change in hospital admissions"). 

©© except for treatment dropouts or study dropouts who missed only the last, 12-month 

post-lPRR assessment and had admissions in the first 6 months post-IPR: imputed 12-month 

valuee = number or days 6 months post-IPR -+- their own first half year pre-IPR number/days 

dividedd by diagnosis-specific decline rate. 

©© except for study dropouts who missed only the last, 12-month post-IPR assessment and 

hadd admissions in the first 6 months post-IPR: imputed 12-month value = their own pre-

IPRR number of admissions multiplied by their own post-IPR average admission duration 

(withh n (year pre-IPR admissions) >n (first half year post-IPR admissions). 

©© except for study dropouts who missed only the last, 12-month post-IPR assessment and 

hadd no admissions in the first 6 months post-IPR: imputed 12-month value = their own 

"firstt half year pre-IPR" number of admissions and admission duration divided by diagnosis-

specificc decline rate. 

©© except for dropouts who missed only the last, 12-month post-IPR assessment and had 

admissionss in the first 6 months post-IPR: imputed 12-month value = their own pre-IPR 

ratee multiplied by their own post-IPR average admission duration. 

©© except for dropouts who missed only the last, 12-month post-IPR assessment and had 

admissionss in the first 6 months post-IPR: imputed 12-month value = their own pre-IPR 

ratee multiplied by their own post-IPR average admission duration. 

4.33 Result s 

Generall characteristics of the patients are listed in table 4 .1 . The dropout pattern is 

decribedd in table 4.2. There were 20 treatment dropouts and 13 study dropouts in the 

inpatientt phase of the study, resulting in 107 patients with complete pre- and post-

treatmentt assessments. 29 patients dropped out at the 6-month follow-up (including 3 

deaths),, of whom 9 completed the 12-mo assessment. Another 28 patients missed the 12-

monthh follow-up. This results in 78 patients with complete data at 6 months post-IPR and 

500 patients at 12 months post-IPR. 
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Tabl ee 4.1: genera l characteristic s 

Asthma a COPD D 

totall patients 

diagnosiss mild/moderate/severe 

genderr (male / female) 

agee (years) 

FEVTT %predicted 

MRCC dyspnea (N with maximal score) 

patientss with hospital admission(s) 
inn year pre-1 PR 

admissionss per patient # 

dayss in hospital per patient # 

totall hospital days 

56 6 

4 / 2 5 / 2 7 7 

13 /43 3 

46(iqr26) ) 

77.11 (sd 23.4) 

433 (76.7%) 

37(66.1%) ) 

2.66 (sd 1.4) 

52.33 (sd 49.0) 

1917 7 

84 4 

5 // 15 /64 

4 4 / 4 0 0 

622 (iqr 15.5) 

36.66 (sd13.6) 

700 (83.3%) 

74(88.1%) ) 

2.55 (sd 1.4) 

53.00 (sd 39.4) 

3931 1 

Dataa are presented as N (percentage) or as median (interquartile range, iqr) or as mean (standard 
deviation,, sd). # in patients with admissions 

Tablee 4.2: Patter n of dropou t durin g IPR and follow-u p 

Pattern n 

assessmen tt  no . 

22 3 

Complete e 

Treatmentt dropouts 

Studyy dropouts 

50 0 

10 0 

4 4 

20 0 

1 1 

18 8 

16 6 

13 3 

8 8 

35.7 7 

7.1 1 

2.9 9 

14.3 3 

0.7 7 

12.9 9 

11.4 4 

9.3 3 

5.7 7 

xx indicates completed assessment, — indicates missing assessment 
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Dropoutt rates did not differ between patients with asthma and patients with COPD or 

betweenn levels of severity. Differences between completers, treatment dropouts or study 

dropoutss in health status and psychosocial functioning were only found in the treatment 

phase,, while clinical and physiological differences were only found within follow-up 

dropout.. From the few differences in health status and psychosocial functioning, only three 

reachedd significance at post-hoc testing. Study dropouts had a worse score than completers 

onn the QoLRIQ-domain triggering situations (asthma only, p=0.03), a worse score on self-

assessedd health status than treatment dropouts (asthma only, p = 0.02), and a better score 

onn experienced invalidity than both treatment dropouts and completers (COPD only, 

p=0.022 and 0.04). 

Theree were a few significant clinical / physiological differences between the follow-up 

dropoutss and completers. In patients with asthma, treatment dropouts had more combined 

steroid/antibioticc courses than completers (p=0.06). In patients with COPD, study dropouts 

showedd larger baseline use (p=0.02) and reduction (p=0.002) of short-acting 

bronchodilatorsthann completers; treatment dropouts had a higher fat-mass at baseline than 

bothh completers (p=0.02) and study dropouts (p=0.03). 

Imputationn of missing data and significance testing of the difference between the pre-

treatmentt data and each imputation method is shown in tables 4.3 and 4.4 (QolRIQ-total 

scores)) and tables 4.5 to 4.8 (hospitalization). 

Tabl ee 4.3: Chang e in QoLRIQ-tota l score , asthm a onl y 

Complet ee cases , n=3 8 

pre-!! PR 

post-11 PR 

Impute d d 

pre-IPR R 

post-11 PR, 

post-11 PR, 

post-11 PR, 

post-!! PR, 

post-11 PR, 

data* ,, n=5 6 

NORM-imputation n 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimisticc scenario 

meann (sd) 

3.566 (0.96) 

2.76(1.00) ) 

3.666 (0.98) 

2.811 (1.65) 

2.744 (0.91) 

2.977 (1.04) 

3.10(1.11) ) 

3.20(1.19) ) 

differenc e e 

0.80 0 

0.85 5 

0.92 2 

0.69 9 

0.56 6 

0.46 6 

p-valu e e 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

** pre-IPR data are not imputed but the original data of all patients 
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Tabl ee 4.4: Chang e in QoLRIQ-tota l score , COPD onl y 

meann (sd) differenc e p-valu e 

Complet ee cases , n=6 8 

pre-IPR R 

post-IPR,, original 

Impute dd data* , n=84 

pre-IPR R 

post-IPR,, NORM-imputation 

post-IPR,, optimistic scenario 

post-IPR,, realistic scenario 

post-IPR,, sombre scenario 

post-IPR,, pessimistic scenario 

3.900 (0.85) 

3.066 (0.97) 

3.877 (0.90) 

2.97(1.10) ) 

3.044 (0.90) 

3.14(1.00) ) 

3.18(1.03) ) 

3.244 (1.09) 

0.84 4 

1.09 9 

0.84 4 

0.74 4 

0.69 9 

0.64 4 

<0.0001 1 

<< 0.0001 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

pre-IPRR data are not imputed but the original data of all patients 

Tabl ee 4.5: Change in hospital admissions in 6 month period pre/post-IPR, asthma only 

Complet ee cases Asthma ,, 6-mont h period , n=29 

pre-IPRR post-IPR p change 

patientss with hospital admission(s) 

totall admissions 

totall hospital days 

12 2 

15 5 

495 5 

4 4 

4 4 

51 1 

0.02 2 

0.07 7 

0.02 2 

Impute dd data * Asthma ,, 6-mont h period , n=56 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimistic c 
scenario o 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

pre-IPR R 
original l 

98 8 

1224 4 

98 8 

1224 4 

98 8 

1224 4 

98 8 

1224 4 

post-IPR R 
imputed d 

15 5 

143 3 

23 3 

405 5 

44 4 

920 0 

56 6 

1212 2 

pp change 

<0.0001 1 

<0.0001 1 

0.0005 5 

<0.0001 1 

0.011 1 

0.004 4 

0.87 7 

0.57 7 

** pre-IPR data are not imputed but the original data of all patients 
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Tabl ee 4.6: Change in hospital admissions in 12 month period pre/post-1 PR, asthma only 

Complet ee cases Asthma ,, 12-mont h period , n = 18 

pre-IPRR post-IPR p change 

patientss with hospital admission(s) 

totall admissions 

totall hospital days 

9 9 

19 9 

326 6 

3 3 

3 3 

82 2 

0.04 4 

0.007 7 

0.008 8 

Impute dd data* Asthma ,, 12-mont h period , n=56 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimistic c 
scenario o 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

pre-IPR R 
original l 

98 8 

1917 7 

98 8 

1917 7 

98 8 

1917 7 

98 8 

1917 7 

post-IPR R 
imputed d 

17 7 

445 5 

35 5 

785 5 

66 6 

1365 5 

88 8 

1840 0 

pp change 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.0008 8 

0.0006 6 

0.37 7 

0.46 6 

** pre-IPR data are not imputed but the original data of all patients 
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Tabl ee 4.7: Change in hospital admissions in 6 month period pre/post-IPR, COPD only 

Complet ee cases COPD,, 6-mont h period , n=4 9 

pre-11 PR post-IPR pp change 

patientss with hospital admission(s) 

totall admissions 

totall hospital days 

35 5 

65 5 

1495 5 

7 7 

10 0 

312 2 

<< 0.0001 

<0.0001 1 

<0.0001 1 

Impute dd data 4 COPD,, 6-mont h period , n=82 t 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimistic c 
scenario o 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

pre-IPR R 
original l 

104 4 

2393 3 

104 104 

2393 3 

104 104 

2393 3 

104 4 

2393 3 

post-IPR R 
imputed d 

16 6 

492 2 

24 4 

753 3 

38 8 

1008 8 

48 8 

1310 0 

pp change 

<< 0.0001 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

0.0006 6 

** pre-IPR data are not imputed but the original data of all patients 
tt excluding 2 deaths 
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Tabl ee 4.8: Change in hospital admissions in 12 month period pre/post-IPR, COPD only 

Complet ee cases COPD,, 12-mont h period , n = 32 

pre-IPRR post-IPR p change 

patientss with hospital admission(s) 

totall admissions 

totall hospital days 

27 7 

76 6 

1363 3 

8 8 

13 3 

236 6 

<0.0001 1 

<0.0001 1 

<0.0001 1 

Impute dd data 4 COPD,, 12-mont h period , n = 78 + 

optimisticc scenario 

realisticc scenario 

sombree scenario 

pessimistic c 
scenario o 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

admissions s 

hospitall days 

pre-IPR R 
original l 

171 1 

3633 3 

171 1 

3633 3 

171 1 

3633 3 

171 1 

3633 3 

post-IPR R 
imputed d 

34 4 

871 1 

55 5 

1514 4 

79 9 

2029 9 

100 100 

2640 0 

pp change 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<0.0001 1 

<< 0.0001 

0.0001 1 

0.01 1 

** pre-IPR data are not imputed but the original data of all patients 
tt excluding 6 deaths 
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4.44 Discussion 

Theree was a substantial dropout in the outcome study of I PR described in chapter 2 and 3, 

bothh in the I PR-phase and in the follow-up phase of the study. About twenty percent of the 

patientss dropped out at each subsequent assessment, totalling up to 64% dropout. 

Theree were a few significant but clinically unimportant differences between completers and 

dropouts.. The only difference in the expected direction was the higher number of 

combinedd steroid/antibiotic courses in illness-related follow-up dropouts (asthma only) as 

comparedd to completers and study dropouts. The lack of selective dropout suggests that the 

short-- and long-term results are generalizible to the complete study group. 

Thee influence of dropout and the robustness of the study findings was assessed by 

combiningg sensitivity analysis and imputation of missing data. This showed that the dropout 

didd not distort the study findings. Even when assuming a pessimistic scenario, i.e. 

considerablee deterioration for the treatment dropouts and no improvement for the study 

dropouts,, the improvement in health status remained significant in both asthma and COPD. 

Thee change in health status was also clinically relevant (above the minimal important 

difference)) in all scenarios. In COPD, the difference in hospitalizations remained significant 

andd clinically relevant (at least 1000 less days in hospital) in all scenario's. In asthma, the 

significantt difference in hospitalizations remained up the sombre scenario (i.e. no 

improvementt for both treatment and study dropouts). 

4.4.11 Dropout 

Thee dropout rate of 64% is comparable to the dropout rates of 50% and 60% in studies on 

IPRR by Stewart et al. [12] and Van den Broek [7], but higher than in other studies on IPR 

(rangee 15 to 40%). In the current study, follow-up assessments were hindered by the supra-

regionall function of the asthmacentre and by illness of the main researcher. There was no 

convincingg evidence for selective dropout, as was found in the study of Ketelaars and 

coworkerss on IPR in patients with COPD [10]. In that study, reasons for non-response were 

mainlyy death and being too ill, with non-respondents having significantly worse quality of 

lifee scores post-IPR. Büchi et al. found that dropouts had a significantly worse health status 

(ass measured with the SF-36) than study completers, but found no difference in clinical, 

psychologicall or demographic variables [11]. Several studies found no differences between 

completerss and dropouts [6;8;9], although in the study by Bijl et al. [6] half of the dropout 

wass illness-related, as in our study. Other IPR-studies did not test [4;12] or report dropout 

[5]. . 

Youngg et al. studied non-adherence in outpatient pulmonary rehabilitation, and found no 

differencee in physiological measures, morbidity or health status between adhering and 

nonadheringg patients [20]. Nonadherent patients were more likely to be current smokers, 
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divorced,, living alone, living in rented accommodation and experienced less disease-related 

sociall support than adherent patients. 

4.4.22 Imputation 

Theree are some problems with simple imputation. Simple imputation methods, such as 

imputingg missings with the mean of the non-missings ('mean substitution')/ univariate 

regression,, or LVCF, ignore available information and attenuate variance [15]. As an 

example,, pre-and post-treatment scores are often significantly correlated. This information 

cann be used to obtain more realistic values for missings post-treatment. Multivariate 

predictionn models, such as in the multiple imputation program NORM which was used in 

thiss study, use the information in variables related to the missingness to impute the missing 

data.. However, when the dropout is non-random, that is, related to the missing value itself, 

NORMM should not be used. Furthermore, it is difficult to choose which imputation method 

iss best. The current study tries to address these problems by combining sensitivity analysis 

andd simple imputation methods, in addition to performing multiple imputation. The 

constructionn of different scenarios allows to distinguish the possible outcomes in both study 

dropoutss and treatment/illness related dropouts. 

Thee variables chosen for imputation represent the major goals of I PR: improvement of 

healthh status and preventingsevereepisodesof disease requiring hospitalization. The choice 

forr short-term change in health status was further directed by the finding that differences 

inn health status and psychosocial functioning between completers and dropouts only 

occurredd in the treatment phase. Similarly, differences in clinical variables were only found 

inn the follow-up phase, justifying the choice for imputing hospitalizations. Most other 

clinicall or physiological variables, except for use of oral corticosteroids, did not change 

sufficientlyy to test if change was robust. Imputation of missings in follow-up QoLRlQ scores 

wass not done because the available data already show a deterioration {see chapter 3). 

Imputationn will give a similar or larger deterioration, but will not change the existing 

conclusion. . 

Thee decision to exclude deaths from the imputation analysis is questionable. In cancer 

research,, death is one of the major reasons for dropout, and is therefore included in missing 

dataa analysis and imputation [21]. However, not including deaths allows to estimate the 

treatmentt result in the patients who are alive and may be clinically sensible. In this study, 

theree were a total of six deaths in the follow-up period, of which three were patients who 

droppedd out during the treatment phase. Some of these deaths were not related to the lung 

diseasee and could therefore be labeled as study dropouts. Including the deaths will not 

appreciablyy change the conclusions of the sensitivity analysis. 
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4.55 Conclusio n 

Thee improvements in health status and hospitalization after IPR in patients with asthma or 

COPDD remain significant and clinically relevant after imputation of missing data, even when 

assumingg that patients who dropped out of the study did not change or deteriorated. There 

wass no convincing evidence for selective dropout The combined approach of sensitivity 

analysiss and simple imputation methods is a useful method to test the robustness of change 

inn clinical trials with non-random missings, allowing to differentiate between 

treatment/illnesss related dropout and study dropout. 
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