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Chapter 1 Introduction 

An estimated 10% of the world’s population experience some form of disability. The number of peo-

ple with disabilities is increasing due to population growth, ageing, emergence of chronic diseases 

and medical advances that preserve and prolong life.1 The severity of illnesses can be measured 

using a wide range of physiological parameters, for example blood tests and imaging techniques. 

These parameters can often be measured very accurately and experienced clinicians find them easy 

to interpret. However, these parameters do not tell the whole story about how the disease process 

affects patients and their life. Since these limitations are recognized interest has moved towards 

more patient-relevant outcomes. 

In order to structure and describe disease outcomes in a systematic and hierarchical manner the 

World Health Organization developed the International Classification of Impairments, Disabilities, 

and Handicaps (ICIDH) (in 2001 replaced by the International Classification of Functioning, Disability 

and Health (ICF)).2,3 The domains contained in the ICIDH can be seen as health-related domains 

and distinguishes impairment, disability and handicap. Impairments, as a direct manifestation of the 

disease, reflect organ dysfunctions or abnormalities of body structure, such as paresis or dysarthria 

after stroke. Disabilities refer to the consequences of impairments in terms of the patient’s functional 

performance (e.g., immobility). Handicaps are concerned with the societal disadvantages resulting 

from impairments and disabilities, for example the loss of economic independence.

In an effort to develop an even more complete view of the consequences of disabling conditions, 

some investigators have called for greater examination of how those conditions affect the patients’ 

quality of life.4 Over the years health-related quality of life (HRQL) has been defined in many ways. 

A broad consensus has emerged that the concept of HRQL is multidimensional and at least four 

dimensions should be included in HRQL assessment: physical, functional, psychological and social 

health. These dimensions show substantial overlap with the elements of the ICIDH / ICF model. 

Physical aspects refer to impairments, functional aspects are defined in terms of disabilities, while 

the social aspects reflect the handicap dimension. The main difference between both models is that 

HRQL places a stronger accent on the subjective health perception of the patient. 

In this thesis the central theme is the disability concept as defined in the ICIDH / ICF model. This in-

cludes mobility, basic activities of daily living (BADL), and instrumental activities of daily living (IADL). 

BADLs are activities in the personal care domain, such as; eating, toileting, transfers, dress and 

bathe. IADLs on the other hand are necessary for independent living in society, for example; prepare 

own meals, do light housework, manage own money, and shopping. In short, BADLs are necessary 

for survival, IADLs for maintaining a participant in a given socio-cultural setting.5

 

Classical Test Theory

So far, numerous generic and disease-specific instruments measuring disability have been deve-

loped. Most of these instruments are multi-item questionnaires, constructed by using the classical 

test theory (CTT). In spite of the popularity of the CTT sum based approaches, there are several 

problems associated with their use. Firstly, responses to all items on a scale are required to calcu-

late a sum score. To make these scales more practical they are often shortened which results in 

less detailed scales.6 Detailed estimates of the status of patients spread across the whole range of 

functional levels can only be obtained with long questionnaires (e.g., the 136-item Sickness Impact 

Profile (SIP)).7 This may cost patients, clinicians and researchers an excessive amount of time to 

complete such instruments. Shorter instruments either cover a wide range of possible functional 

status (e.g., the 20-item Health Assessment Questionnaire Disability Index (HAQ-DI))8 or remain de-

tailed, but cover a smaller range of functional levels (e.g., the 10-item Barthel Index (BI))9 measuring 

basic ADL activities (Figure 1). Secondly, since sum scores are dependent on the items included 

in the instrument, it is difficult to compare scores obtained on different instruments, even if they 

measure the same disability concept.10 Thirdly, the ordinal nature of sum scores makes it difficult to 

interpret a given difference in scores on the scale. A difference in scores at one point on the scale 

does not necessarily represent the same amount of functional change as an identical difference at 

another point on the same scale (e.g., a change in disability status on the HAQ-DI from 1 to 1.5 is 

not the same change as from 2 to 2.5).  

Figure 1.     Measurement range of three different disability scales. 

 

The Barthel Index (BI) is a short questionnaire covering only BADL, the Sickness Impact Profile (SIP) and Health 
Assessment Questionnaire Disability Index (HAQ-DI) both covers the whole range of disability level, were the SIP 
remains detailed but is long, and the HAQ-DI is less detailed but short. 
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Item Response Theory

Currently, there is a lot of interest in the flexible framework offered by item response theory (IRT). 

IRT measures at the item level, in contrast to the sum score methods, which are based on a whole 

instrument.11 This means that disability status can be assessed in a much more flexible way and that 

each patient can be presented with a smaller selection of items than is possible using sum score 

based methods. With IRT models, which are very similar to logistic regression models, it is possible 

to analyze response patterns of patients to estimate both item difficulty and patient ADL ability. 

Using this approach it is possible to place (calibrate) items on a hierarchical difficulty with linear mea-

surement properties. The units of the scale are the regression coefficients and are expressed in log-

odds or logits. The ADL ability of patients is expressed on the same linear scale as the items (Figure 

2).10 As a consequence there are a number of advantages to the use of IRT in clinical measurement. 

One of the most interesting, is the implementation of an adaptive testing procedure, in which more 

difficult ADL items (e.g., ‘walk for more than 15 minutes’) are presented to less disabled patients and 

easier items (e.g., ‘get out of bed into a chair’) to more severely disabled patients. The estimates of 

disability level will be detailed and are completely comparable, even if patients are offered different 

selections of items. Adaptive testing can only be applied if an item bank is available. An item bank 

is a collection of items, which have been calibrated by obtaining psychometric information on the 

measurement properties of the items from large groups of patients. (for methodological details see 

Appendix 2). 

Figure 2.     Adaptive testing using the AMC Linear Disability Score item bank.

 

The AMC Linear Disability Score item bank 

The Academic Medical Center (AMC) Linear Disability Score (ALDS) project aimed to construct an 

item bank to measure the disability status of patients with a broad range of diseases.12 The intention 

of the ALDS is to be used both in daily patient care and clinical research. The methodology and IRT 

statistics of constructing this item bank has already been described in depth.13 Other papers have 

examined technical14 and practical15 aspects of methods to deal with missing item responses and 

the use of a ‘not applicable’ response category for the items. Items for inclusion in the ALDS item 

bank were obtained from a systematic review of generic and disease-specific ADL scales.10 A total 

of 190 items were identified and then described in detail. 

Patients are asked whether they can, rather than do, carry out the activities. Phrasing questions in 

terms of capacity may overestimate the disability level. On the other hand, phrasing items in terms 

of actual performance, may underestimate the disability level, since actual performance also de-

pends on personal characteristics and interests.16 Moreover, measuring actual performance places 

patients in an unnatural ‘laboratory’ situation.17  

The ALDS uses two response options: ‘I can carry out the activity’ and ‘I can not carry out the 

activity’. Patients are asked to rate if they are able to carry out the activities at this moment when 

they are at home or in their own area. When the patient is able to perform the activity independent, 

without any help from anybody else, the response ‘I can’ is recorded. Aids or devices are allowed. 

If a person is physically not able to perform an activity, needs help from somebody else or if the 

symptoms would increase, the response should be ‘I cannot’. If patients had never had the op-

portunity to experience an activity a ‘not applicable’ response is recorded. For example, responses 

from patients who have never held a driver’s license to the item ‘driving a car’ are recorded in this 

category. Responses in the category ‘not applicable’ are statistical treated as if the individual items 

had not been presented to the individual respondent.14

In the development phase of the ALDS data was collected from over 1000 disabled patients with a 

broad range of conditions including stroke, Parkinson’s disease and chronic pain. The respondents 

were interviewed during a visit to inpatients’ or outpatients’ clinics, at the AMC. Also residents of 

supported housing, residential care or nursing homes were interviewed. Those geriatric patients had 

(co)morbid conditions such as movement and skeletal disorders, urologic, endocrine, gastrointesti-

nal, pulmonary, cardiovascular and neurological diseases. The respondents attending an outpatient 

clinic for chronic pain filled in the ALDS questionnaire by themselves. All other respondents were 

interviewed by specially trained nurses or doctors.

In the calibration phase of the ALDS project the collected data was fitted using the two-parameter 

More difficult items are presented to more able patients, whereas easier items are presented to more severely 
disabled patients.  
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logistic IRT model.18 This model was chosen because it allows a more realistic model for the data 

to be built than the more restrictive one-parameter logistic model.19 Additionally, the one-parameter 

model has been shown to be unsuitable as a final model for describing data resulting from disability 

items because it is to restrictive.13,20,21 (for more methodological details see Appendix 2)

An important IRT assumption is that the items included in an item bank have the same measure-

ment characteristics for subgroups in the population. Differential item functioning (DIF) occurs when 

patients in two groups have different probabilities to respond to an item in a given way, even though 

they have the same level of disability status. If DIF is ignored, inaccurate measurements are obtained 

and true differences between patient groups may be obscured and non-existent differences ‘cre-

ated’. For example, ‘preparing a meal’ may be easier for women than for men, the opposite may 

be true for ‘lifting heavy objects’. If these items are used to measure the disability status of a group 

of patients, the results for men and women are not completely comparable. Therefore, items with 

different measurement characteristics for younger and older, and for male and female patients were 

removed from the item bank.22

Outline of this thesis

The main subject of this clinimetric thesis is the clinical application of the ALDS item bank in a 

variety of diseases. But first, in Chapter 2, we investigate if the disability continuum is the most 

appropriate patient-reported outcome in clinical efficacy studies. Disability and HRQL both reflect 

the consequences of diseases on personal level. However, they are conceptually different and not 

synonymous as is often thought by clinical researchers. The decision to use one of these measures 

can have important implications for the interpretation of the study results. Using a meta-analytic ap-

proach we examined the interchangeability of these two measures by comparing their association 

patterns with disease-related impairment measures in patients with a variety of conditions.

In Chapter 3 we present the content and the psychometric properties of the ALDS item bank in its 

present state. Chapters 4 to 7 examine the use of the ALDS item bank in patients with rheumatoid 

arthritis (RA) and neurological diseases. Chapter 4 concerns the clinimetric properties of the ALDS 

item bank in a population of RA patients in comparison with the HAQ-DI. The HAQ-DI has become 

the most frequently used and validated functional disability scale in rheumatology. A new instrument, 

such as the ALDS, should not only be shorter, and better on theoretical basis, but it must also have 

clinimetric properties at least as good as the original HAQ-DI. 

The first part of Chapter 5 focuses on the metric behavior of the ALDS in patients with newly di-

agnosed Parkinson’s disease compared to the often used Schwab & England scale. Whereas the 

second part of Chapter 5 includes a short communication concerning the concurrent validity of the 

ALDS with the ‘gold standard’: the ADL section of the Unified Parkinson’s Disease Rating Scale.

Although most stroke intervention trials use disability outcome measures, several problems with the 

existing scales remain. None of the currently used instruments are sensitive across the entire con-

tinuum of stroke severity.23 Therefore, in general, in acute stroke another disability scale is preferred 

than six months post stroke. In Chapter 6 the use of different subsets of items from the ALDS item 

bank in patients in the acute phase and six months post stroke are examined.

Treatment outcomes in stroke trials are generally dichotomized reflecting ‘poor’ versus ‘good’ out-

come. Concerns over dichotomized endpoints concentrates on the insensitivity for changes which 

are clinical relevant and using different cutoff points on a scale may lead to different interpretations 

of trial results. Using a sensitive range of ALDS items the clinical meaning of dichotomizing a well-

known stroke outcome scale, the modified Rankin scale, is investigated in Chapter 7.

When comparing outcomes of the ALDS between patients groups, item characteristics of the ALDS 

should be consistent across groups. To investigate the generic character of the ALDS item bank, 

Chapter 8 provides a differential item functioning analysis were the item difficulties in a group of 

patients with various disorders has been compared. 

Finally, Chapter 9 presents a general discussion on the strengths and weaknesses of the ALDS 

item bank and suggestions are given for future research using IRT based outcome measurements 

in general and the ALDS in particular. A summary in English and Dutch concludes this thesis.
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Abstract 

Background: To investigate the interchangeability of measures of disability and health-related qua-

lity of life (HRQL) by comparing their associations patterns with disease-related impairment measu-

res in patients with a variety of conditions.

Methods: A systematic literature search of MEDLINE, EMBASE, Web of Science and a hand search 

of reference lists through January 2006. Studies were included if they reported associations pat-

terns between impairment and disability and between impairment and HRQL. Correlation coeffi-

cients were transformed to Fisher’s z effect size (ES(z)). Weighted averages were reported as pooled 

ES(z) with 95% confidence intervals (CI).

Results: The relationship between impairment and disability was stronger (pooled ES(z) = 0.69; 95% 

CI, 0.66 – 0.72) than between impairment and HRQL (pooled ES(z) = 0.38; 95% CI, 0.36 – 0.41). 

The physical component score (pooled ES(z) = 0.43; 95% CI, 0.39 – 0.47) and disease-specific 

HRQL (pooled ES(z) = 0.46; 95% CI, 0.40 – 0.51) were stronger associated with impairments than 

the mental component score (pooled ES(z) = 0.28; 95% CI, 0.20 – 0.36) and generic HRQL (pooled 

ES(z) = 0.36; 95% CI, 0.33 – 0.39).

Conclusions: This study shows measures of disability and different HRQL domains were not equal-

ly related to impairment. Patient’s impairments are better reflected in disability measures, than in 

HRQL instruments. There are many outcomes of interest and precisely defining them and measu-

ring them will improve assessing the impact of new interventions.

Background

Choosing an outcome measure for use in clinical research is a complex process. If the outcomes 

are chosen inappropriately, a study may provide unreliable results.1 Frequently used outcomes mea-

sures are mortality rates, number of events (recurrent myocard infarction) or disease activity (lesion 

load on MRI).

Besides biological measures other levels of clinical measurement can be considered in clinical stu-

dies: impairments, disability and health-related quality of life (HRQL). Impairments are the direct or-

ganic manifestations of the disease such as consciousness and paresis.2,3 Disability can be defined 

as limitations in carrying out activities of daily living, such as self-care, mobility and activities inside 

or outside the home.2,3 HRQL refers to a broad spectrum of consequences of disease. Although this 

concept also includes elements of impairments and disabilities, it has a strong focus on patient’s 

social functioning and perceived health status and well being.4,5 Hence, impairment measures are 

closely related to the patient’s disorder, whereas the other outcome measures focus on the patient’s 

level of functional health. Each subsequent level of clinical measurement is increasingly less disease-

specific and more relevant to the patient.

Recently, patient-relevant outcomes in terms of disability and HRQL have become more important.6 

Although both functional outcomes reflect the consequences of diseases on personal level, they are 

conceptually different and not synonymous as is often thought by clinical researchers. Consequent-

ly, the decision to use one of these measures can have important implications for the interpretation 

of the study results. The objective of this systematic review is to investigate the interchangeability 

of measures of disability and HRQL by comparing their association patterns with disease-related 

impairment measures. 

Methods

Data sources

We conducted a systematic literature search of MEDLINE from 1966 through January 2006, EM-

BASE from 1980 through January 2006 and Web of Science from 1988 through January 2006 to 

identify studies addressing the relation between outcome measures. A search strategy using Me-

dical Subject Heading, text words and Publication Types Impairment or Body function (Publication 

date from 2001) or Body structure (Publication date from 2001) and Disability (Evaluation) or Activity 

or Disabled Persons or Activities of Daily Living and Health-related quality of life combined with As-

sociation or Evaluation Studies or Comparative Study or Validation Studies was used. Studies from 

English, German and French literature were included. The electronic search was supplemented by 

hand searching the investigators files, and retrieval of references cited in available literature. The 

search strategy was composed by one of the authors (NW) in consultation with a clinical librarian. 

Study selection

A set of explicit criteria, composed by three investigators (NW, RdH, MV), were used for selection of 

the literature. Articles were included if they focused on methodological or metric aspects of patient-

based outcomes (for example, methods of evaluating such measures, psychometric or clinimetric 

assessment of measures, comparative studies of measures). 

Studies were included in which both the association between impairment and disability, and 

between impairment and HRQL were calculated by means of correlation coefficients or other as-

sociation measures, regardless of the disease with the exception of psychiatric disorders. Hence, to 

improve the comparability between the correlation patterns between the different health concepts, 

Impact of impairments on disability and HRQL: a systematic reviewChapter 2
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only studies were included in which the three types of health outcomes were assessed in the same 

patient population. The measurement instruments were questionnaires or observation lists. When a 

multi-scale questionnaire focuses on more than one concept we only included the sub-scale for the 

health domain in question. In case of double publication we selected the first publication in time. 

Excluded were studies which valuated HRQL in terms of utilities7 or composite scores of conceptual 

different measures. 

Data extraction

All data were independently abstracted by two investigators (NW, RdH) through use of a list of 

the criteria composed by three investigators. After study selection, measures were categorized 

according the definitions of the WHO International Classification of Impairments, Disabilities, and 

Handicap version2 and the revised International Classification of Functioning, Disability and Health.3 

Outcome measures were classified into one of the following categories: impairment, disability, and 

HRQL. The latter was further categorized into generic HRQL, disease-specific HRQL, mental com-

ponent of HRQL and physical component of HRQL. When there was doubt on the classification of 

the health domain a third reviewer (MV) was consulted. 

 

A first draft synthesizing the data was produced by the first author of this review (NW) and extensively 

criticized by two other authors. The following information was abstracted: author, year of publication, 

sample size, disease, type of impairment and disability scales, distinction between generic or disease-

specific and mental or physical HRQL, and the associations with impairment. Studies reporting repeated 

measures only baseline data was abstracted. Disagreements in abstracting were solved by discussion. 

Statistical analysis

The correlations coefficients (r) published were converted using Fischer’s variance stabilizing z trans-

form (ES(z)).8

    ES(z) = ½ loge [1+r/1-r]

were the asymptotic variance was:

    

    v ES(z) = 1/n-3

Mean ES(z) were calculated for studies reporting multiple correlations between the concepts stu-

died.9 The ES(z) were combined using a fixed or random effects model, when appropriate. The 

weight for each study was inversely proportional to the square root of the number of patients inclu-

ded in the study. The methods for obtaining the pooled ES(z) and its 95% confidence interval (CI) are 

described in detail elsewhere.10 We labeled the strength of the ES 0.20 as small, 0.50 as medium 

and 0.80 as large.11 The pooled ES(z) were converted back to a correlation coefficient:12

    r = tanh(ES(z))    

in which we labeled the strength of the association; absolute values of r, 0.00-0.19 is regarded as 

very weak, 0.20-0.39 as weak, 0.40-0.59 as moderate, 0.60-0.79 as strong and 0.80-1.00 as very 

strong correlation.13 The backward transformed correlation coefficients were also expressed in vari-

ance explained (r2). The square of the correlation coefficient tells us what proportion of the variance 

of one variable can be explained by the linear correlation with the other. 

Statistical heterogeneity was measured using the Cochrane Q statistics; p ≤ 0.10 was conside-

red representative of significant statistical heterogeneity. To establish the effect of heterogeneity 

between studies on meta-analysis conclusions, we performed several subgroup analyses: impair-

ment in relation to generic or disease-specific HRQL and impairment versus the physical or mental 

aspects of HRQL. 

We constructed normal quantile plots to assess whether the ES(z) estimates are (approximately) 

normal distributed and to search for publication bias.14 With regard to the presence of publication 

bias we also used the Spearman’s rho rank correlation method12 to test the relationship between the 

standardized ES(z) and sample size (p < 0.05 indicates significant publication bias) and a fail-safe 

number approach. A fail-safe number is the number of non-significant, unpublished, or missing stu-

dies that would need to be added to the meta-analysis in order to change the results of the analysis. 

If this number is relative large to the number of observed studies, the observed results, even with 

some publication bias, can be treated as a reliable estimate of the true effect.15 All analyses were 

performed in Meta-Win, version 2.0.

 

Results

Study characteristics

Our initial search yielded 434 potentially literature citations (Figure 1). Of these, 125 were excluded 

based on title (70 were investigating a psychiatric disorder, 44 were review articles, nine articles mea-

sured caregiver burden, one article reported data about a composite score and one reported HRQL in 

terms of utilities). Abstracts from 309 articles were retrieved and additional 188 articles were excluded 

(134 studies did not measure all three health domains, 49 did not report concrete associations 

between the health domains, three were investigating a psychiatric disorder, one reported data 

about a composite score and one reported HRQL in terms of utilities), leaving 121 articles for full 

review. Of these, 90 were excluded (44 did not report association patterns, 34 articles measured 
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A total of 31 studies, with an average sample size of 401 (range 38 – 6497) persons, were found to 

conform to our inclusion criteria (Table 1).16-46 Seven studies reported data on outcome measures 

in patients with arthritis, six on Multiple Sclerosis, three on Parkinson’s disease, two on stroke, two 

on spinal cord injury, four on a variety of joint diseases (knee, patella, elbow, shoulder), one cervical 

dystonia, one diabetic neuropathy, one facial nerve paralysis, one AIDS, one chronic dysphonia, one 

chronic obstructive pulmonary disease, and one on psoriasis. 

The studies included a wide range of disease-related impairment measures, as well as a variety of 

disability measures (Table 1), in which the Functional Independence Measure (FIM) was the most 

often used. With regard to the HRQL measures, 17 studies used the SF-36 (or SF-20), 12 studies 

reported both the physical component and mental component scores, in two studies37,42 the mental 

health dimension was considered as mental HRQL. Other scales that were considered as a mental 

component of HRQL were the psychosocial dimension of the Sickness Impact Profile (SIP),21,22,34 

psychological well-being and the General Health Questionnaire (GHQ),26 the mental dimension of 

the Multiple Sclerosis HRQL scale (MSQL),36 the social well-being dimension of the Facial Disability 

Index (FDI),28 the Overall Rating of Life satisfaction (ORLS),20 and the emotional subscale of the Voice 

Handicap Index (VHI).43

Overall the studies included 86 correlations between impairment and disability and 104 correlations 

between impairment and HRQL. Five studies reported only one single correlation,24,25,28,33,44 for the 

remaining studies mean ES(z) were calculated for each health domain. Table 2 presents effect sizes 

of the 31 studies included. Thirteen studies (42%) reported large ES(z) between impairment and 

disability (≥ 0.81), whereas 81% of the ES(z) related to HRQL was small to moderate (≤ 0.50). The 

ES(z) between impairment and the different types of HRQL were on average small to moderate, 

except for disease-specific HRQL; 50% of the studies reported moderate to large ES(z) (0.51 – 

0.80).

not all three domains, in five articles impairment measures were no scale score, four articles used 

composite scores, one reported utility based HRQL, one concerned a proxy measure and one a 

double publication).

Figure 1.     Summary description of the studies included and 

       excluded in the meta-analysis. 

434 Citations identified and screened

125  excluded
 70 psychiatric disorders
 44  reviews
 9  caregiver burden
 1  composite score
 1 utility

188 excluded
134  not all three health domains
 49  no association
 3  psychiatric disorders
 1  composite score
 1  utility

 90  excluded
 44 no association
 34 not all three health domains
 5 no scale scores
 4 composite scores
 1 utility
 1 proxy
 1 double publication

309 Abstracts retreived for detailed 
evaluation

121 Full text articles retreived for detailed 
information

31 Articles included
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Table 1.       Information on the 31 studies included in the analysis ordered by disease.

References N Disease Impairment Disability HRQL
 
      Generic Specific
 
Deyo, 198322 97 Arthritis Morning stiffness,  SIP physical, ARA SIP total, 
   Grip strength  SIP social 
Birrell, 199819 86 Arthritis OSRA HAQ SF-36 
Kvien, 199829 1030 Arthritis VAS pain, VAS fatigue MHAQ SF-36 AIMS2
Wolfe, 200045 1773 Arthritis Global GI severity HAQ SF-36 
Angst, 200416 43 Arthritis cASES pASES, DASH SF-36 
Angst, 200517 79 Arthritis cASES pASES, DASH SF-36 
Salaffi, 200539 244 Arthritis WOMAC-Pain,  WOMAC- SF-36
   WOMAC-Stiffness Function
Rothwell, 199737 42 Multiple sclerosis EDSS OPCS SF-36 
Sharrack, 199942 50 Multiple sclerosis EDSS, SNRS Barthel Index, FIM,  SF-36,  
     CAMBS dis., AI EuroQol VAS 
Schwartz, 199941 274 Multiple sclerosis SI  Disease steps, AI HSQ 
Miller, 200034 300 Multiple sclerosis EDSS, MSFC SIP physical SIP social, 
      SF-36 
Hobart, 200026 64 Multiple sclerosis EDSS Barthel Index, FIM SF-36, 
      Well-being, 
      GHQ 
Rasova, 200536 112 Multiple sclerosis Muscle performance,  Barthel Index  MSQL
   Pulmonary ventilation
Rubenstein, 199838 193 Parkinson’s disease H&Y, UPDRS motor FSQ (BADL, IADL) SF-36 
Schrag, 200040 79 Parkinson’s disease H&Y, UPDRS motor PDQ-39 ADL EuroQol VAS, PDQ-39
      SF-36
Franchignoni, 200523 70 Parkinson’s disease BBS, PCS UPDRS-ADL  PDQ-39
de Haan, 199321 81 Stroke Mathew, Orgogozo,  Barthel Index SIP 
   SSS, NIHSS, CNS
Gottlieb, 200125 100 Stroke Clas. Reding FIM LSI-a 
Fuhrer, 199224 140 Spinal cord injury ASIA FIM LSI-a 
May, 200233 98 Spinal cord injury ASIA FIM  QLI
Marx, 200132 42 Knee disorders AAOS, Lysholm  KOS-ADL SF-36 
Paxton, 200335 110 Patellar dislocation Fulkerson, Kujala,  Tegner  MFA
   IKDC, Lysholm
MacDermid, 200131 70 Elbow pathology ASES pain, PREE pain DASH SF-36 
Beaton, 199618 90 Shoulder disorder Elevation of the shoulder SST, pASES SF-36 
      (acute version) 
Lindeboom, 199830 64 Cervical dystonia Tsui, TWSTRS-P TWSTRS-D SF-20 
Vinik, 200544 262 Diabetic neuropathy TNS QOL-DN ADL  QOL-DN
Kahn, 200128 86 Facial nerve paralysis FaCE FDI – physical  FDI –
     functioning  well being
Cleary, 199320 189 AIDS Extreme pain,  FSQ (BADL, IADL) ORLS 
   Total symptom score  Mental Health 
Speyer, 200443 77 Chronic dysphonia Voice disorder severity Impairment daily living  VHI
Hu, 200527 58 COPD Breathlessness (VAS) BDI, PSFDQ-Act SF-36 
Zachariae, 200246 6497 Psoriasis PASI, Severity PDI  PLSI

Abbreviations (in alphabetic order):

AAOS: American Academy of Orthopaedic Surgeons sports knee-rating scale. AI: Ambulation Index. AIMS2: Arthritis Im-

pact Measurement Scales revised. ARA: American Rheumatism Association’s functional classes. ASIA: Total Motor Index 

Score. (p)cASES: (patient) clinical American Shoulder and Elbow Surgeons questionnaire. BBS: Berg Balance Scale. BDI: 

Baseline Dyspnea Index. CAMBS: Cambridge Multiple Sclerosis Basic Score. CNS: Canadian Neurological Scale. COPD: 

Chronic Obstructive Pulmonary Disease. DASH: Disability of the Arm, Shoulder and Hand questionnaire. EDSS: Kurtzke 

Expanded Disability Scale. FaCE: Facial Clinimetric Evaluation. FDI: Facial Disability Index. FIM: Functional Indepen-

dence Measure. FSQ: Functional Status Questionnaire (BADL: basic activities of daily life, IADL: instrumental activities of 

daily life). GHQ: General Health Questionnaire. Global GI severity: global gastrointestinal severity. HAQ: Stanford Health 

Assessment Questionnaire functional disability index. HSQ: Health Status Questionnaire. H&Y: Hoehn and Yahr. IKDC: 

International Knee Documentation Committee form. KOS: Knee Outcome Scale. LSIa: Life Satisfaction Index, version 

A. MFA: Musculoskeletal Function Assessment. MHAQ: Modified Health Assessment Questionnaire. MSFC: Multiple 

Sclerosis Functional Composite. MSQL: Multiple Sclerosis Quality of life scale. NIHSS: National Institutes of Health Stroke 

Scale. OPCS: Office of Population Census and Survey disability scale. ORLS: Overall Rating of Life Satisfaction. OSRA: 

Overall Status measure for Rheumatoid Arthritis. PASI: Psoriasis Area and Severity Index. PCS: Postural Changes Scale. 

PDI: Psoriasis Disability Index. PDQ-39: Parkinson Disease Questionnaire. PFSDQ-Act: Pulmonary Functional Status and 

Dyspnea Questionnaire. PLSI: Psoriasis Life Stress Inventory. PREE: Patient-rated Elbow Evaluation. QLI: Ferrans and 

Powers Quality of life Index. QOL-DN: Norfolk Quality of life Questionnaire-Diabetic Neuropathy. SF-20: Medical Outcome 

Study 20-Item Short-Form Health Survey. SF-36: Medical Outcome Study 36-Item. SI: Symptom Inventory. SNRS: 

Scripps Neurological Rating Scale. SSS: Scandinavian Stroke Scale. SST: Simple Shoulder Test. TNS: Total Neuropathy 

Score. TWSTRS-P(D): Toronto Western Spasmodic Torticollis Rating Scale-Pain(Disability). UPDRS: Unified Parkinson’ 

Disease Rating Scale. VHI: Voice Handicap Index. WOMAC; Western Ontario and McMaster Universities.
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Data synthesis

Review of the normal quantile plots (Figure 2 and 3) showed that one study46 substantially deviated 

from normality. Removal of this study revealed statistical homogeneity of the datasets for the as-

sociation between impairment and disability (Q statistics, p = 0.34), and between impairment and 

HRQL (Q statistics, p = 0.15). 

Table 2.       ES(z) of the studies included in the meta-analysis.

 ES(z)   
 impairment –                  ES(z) impairment - HRQL
 disability                               (n = 31)
 (n = 31)  

References  generic disease-specific physical mental
  (n = 23) (n = 10) (n = 13) (n = 21)
 
Deyo, 198322 0.23 0.31   0.32
Birrell, 199819 0.81 0.49  0.65 0.37
Kvien, 199829 0.50 0.39 0.42  0.41
Wolfe, 200045 0.35 0.38  0.47 0.29
Angst, 200416 0.60 0.07  0.29 -0.15
Angst, 200517 0.60 0.11  0.41 -0.17
Salaffi, 200539 1.00 0.46  0.41 0.51
Rothwell, 199737  1.30 0.15   0.05
Sharrack, 199942 1.05 0.48   0.21
Schwartz, 199941 0.50 0.68   
Miller, 200034 1.02 0.18  0.18 0.18
Hobart, 200026 1.33 0.06  0.34 0.14
Rasova, 200536 0.56  0.22 0.39 0.04
Rubenstein, 199838 0.73 0.40  0.48 0.31
Schrag, 200040 0.66 0.32 0.55 0.49 0.21
Franchignoni, 200523 0.79  0.71  
de Haan, 199321 0.87 0.52   0.37
Gottlieb, 200125  0.55 0.16   
Fuhrer, 199224 0.85 0.04   
May, 200233 1.26  0.06  
Marx, 200132 1.19 0.35  0.83 0.01
Paxton, 200335 0.35  0.49  
MacDermid, 200131 0.85 0.41  0.54 0.29
Beaton, 199618 0.40 0.28   
Lindeboom, 199830 0.23 0.21   
Vinik, 200544 0.66  0.59  
Kahn, 200128 0.87  0.78  0.78
Cleary, 199320 0.60 0.38   0.38
Speyer, 200443 1.05  0.55  0.44
Hu, 200527 0.46 0.45  0.29 0.60
Zachariae, 200246 0.44  0.40  

Figure 2.       Normal quantile plot for the ES(z) between impairment and disability.

The plot compares two distributions by plotting there quantiles against each other. One of the distributions is the 
standard normal distribution (X as) while the other is the distribution one wishes to compare it against (here the Y 
as is defined as ES(z)i /√vi ). The deviations from linearity indicate deviations in normality. Publication bias will tend to 
leave strange gaps in the plot or lead to strange curves.
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On aggregate level (Figure 4), there was a moderate to large association between impairment and 

disability (pooled ES(z) = 0.69; 95% CI, 0.66 – 0.72). The aggregated relationship between impair-

ment and HRQL was statistically significant smaller (pooled ES(z) = 0.38; 95% CI, 0.36 – 0.41). 

Backward transformation in correlation coefficients resulted in a moderate association between 

impairment and disability (r = 0.60; r² = 36%) and a weak association between impairment and 

HRQL (r = 0.36; r² = 13%).

Subgroup analyses

Table 2 presents the ES(z) per study used for the subgroup analyses. Figure 4 also depicts the 

various impairment – HRQL subgroup analyses. No statistical heterogeneity could be demonstra-

ted (range p-values of the Q statistics 0.35 – 0.44), with the exception of the association between 

impairment and the mental component of HRQL (p = 0.06). 

The pooled ES(z) between impairment and generic HRQL measures was 0.36 (95% CI, 0.33 – 0.39; 

r = 0.35; r² = 12%).16-22,24-27,29-32,34,37-42,45 The pooled ES(z) between impairment and disease-specific 

HRQL measures was significantly higher (pooled ES(z) = 0.46; 95% CI, 0.40 – 0.51; r = 0.43; r² = 

18%).23,28,29,33,35,36,40,43,44,46 Impairment measures were significantly higher related with the physical 

component of the HRQL measures (pooled ES(z) = 0.43; 95% CI, 0.39 – 0.47; r = 0.41; r² = 17%) 16,

17,19,26,27,31,32,34,36,38,39,40,45 than with the mental component (pooled ES(z) = 0.28; 95% CI, 0.20 – 0.36 

[random effects model]; r = 0.27; r² = 7%).16,17,19-22, 26-29,31,32,34,36-40,42,43,45

Publication bias

Review of normal quantile plots showed no clear indications for publication bias in both the analy-

ses for the relationship impairment and disability and for impairment and HRQL (Figure 2 and 3). In 

addition, publication bias was not evident when the Spearman’s rho rank correlation method was 

used (both p > 0.50). The fail-safe calculation by Rosenthal’s method retrieved for both analyses a 

large number of studies (n = 27077 / n = 9755) needed to be added in order to change the results 

of the meta-analysis. 

28,29

21,22

14,15

7,07

0,00
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Effect Size

The plot compares two distributions by plotting there quantiles against each other. One of the distributions is the 
standard normal distribution (X as) while the other is the distribution one wishes to compare it against (here the Y 
as is defined as ES(z)i /√vi ). The deviations from linearity indicate deviations in normality. Publication bias will tend 
to leave strange gaps in the plot or lead to strange curves.

Figure 3.     Normal quantile plot for the ES(z) between impairment and 

       health-related quality of life. 

Figure 4.     Meta-analysis for the ES(z) between impairment, disability, and health-

       related quality of life and the subgroup analyses.
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A shortcoming of this meta-analysis might be that there are probably more studies than the 31 we 

found. Our search strategy was based on the ICIDH and ICF terms and few researchers distinguish 

between the terms impairment, disability and HRQL. If they distinguished between these terms 

correlations between impairment and disability or between impairment and HRQL were given rarely 

for all three domains together. Another point of discussion may be the concern for publication bias. 

However, the normal quantile plots, Spearman’s rank correlation coefficient method and fail-safe 

calculation method do not give an indication for this type of bias. Finally and unfortunately, we were 

not able to perform subgroup analysis based on the methodological quality of the studies. This 

because the psychometric and clinimetric articles analyzed used a hotchpotch of research designs 

which made it impossible to formulate unequivocal methodological criteria in terms of, for example, 

appropriateness of the design chosen, sample size consideration, blind assessment of outcome 

parameters, statistical adjustment for confounders, or loss to follow-up.50

Conclusions

New drugs or new surgical or radiological treatments are developed from a pathophysiologic per-

spective and are primarily directed at reducing impairments. Traditionally, biological and impairment 

measures are preferred. Increasingly, it becomes evident that this type of outcome is not always 

relevant for patients.21,51 Our study shows that patient’s impairments are clearly better reflected in 

disability measures, than in HRQL instruments. The relatively low association between impairment 

and HRQL is found in patients with various disorders, therefore we conclude that to assess the ef-

ficacy of a new treatment, disability is an important functional endpoint in clinical studies.
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Abstract

Background: Currently, there is a lot of interest in the flexible framework offered by item banks for 

measuring patient relevant outcomes. However, there are few item banks, which have been deve-

loped to quantify functional status, as expressed by the ability to perform activities of daily life. This 

paper examines the measurement properties of the Academic Medical Center linear disability score 

item bank in a mixed population.

Methods: This paper uses item response theory to analyze data on 115 of 170 items from a total 

of 1002 respondents. These were: 551 (55%) residents of supported housing, residential care or 

nursing homes; 235 (23%) patients with chronic pain; 127 (13%) inpatients on a neurology ward 

following a stroke; and 89 (9%) patients suffering from Parkinson’s disease.

Results: Of the 170 items, 115 were judged to be clinically relevant. Of these 115 items, 77 were 

retained in the item bank following the item response theory analysis. Of the 38 items that were 

excluded from the item bank, 24 had either been presented to fewer than 200 respondents or had 

fewer than 10% or more than 90% of responses in the category ‘can carry out’. A further 11 items 

had different measurement properties for younger and older or for male and female respondents. 

Finally, 3 items were excluded because the item response theory model did not fit the data.

Conclusion: The Academic Medical Center linear disability score item bank has promising measu-

rement characteristics for the mixed patient population described in this paper. Further studies will 

be needed to examine the measurement properties of the item bank in other populations.

Background

Functional status is now seen as an important determinant of patients’ quality of life and a wide 

variety of instruments have been developed.1 Instruments for quantifying functional status tend to 

have a fixed length and administer all items to the whole group of patients under scrutiny. Currently, 

interest is moving towards the more flexible framework offered by item banks in conjunction with 

item response theory. An item bank is a collection of items, for which the measurement properties 

of each item are known.2,3 Since item response theory centers on the measurement properties of 

individual items, rather than the instrument as a whole, it is not essential for all respondents to be 

examined using all items when using an item bank. It is even possible to select the ‘best’ items for 

individual patients using computerized adaptive testing algorithms.4 This can reduce the burden of 

testing considerably for both patients and researchers. Furthermore, results from studies using dif-

ferent selections of items can be directly compared. Item banks measuring concepts such as quality 

of life,2,5 the impact of headaches,6 fatigue,7,8 and functional status9-12 have been described. 

Before an item bank can be implemented, it is essential to calibrate it. During the calibration pro-

cess, the measurement properties of the individual items and the item bank as a whole are in-

vestigated. In contrast to the procedures used when developing fixed length instruments, it is not 

essential to present all items to all respondents in the calibration sample. It is often more efficient to 

offer targeted sets of items to particular groups within the sample. The items in common between 

any two sets of items are known as anchors. This kind of design is known as an incomplete, ancho-

red calibration design and allows all items and patients to be calibrated on the same scale.13 These 

designs have been used widely in preparing item banks for educational testing and has had some 

recognition in the development of medical instruments.14,15 Developments in psychometric theory 

mean that it is now possible to perform the same types of analysis on data resulting from incom-

plete designs, as on complete designs.16-18 The consequences of the use of this kind of design in 

the development of the Academic Medical Center Linear Disability Score (ALDS) item bank have 

been discussed previously.14,19 If the primary aim of a study is to estimate the parameters of the 

two-parameter logistic item response theory model, as in this paper, little statistical information can 

be obtained from patients, whose functional status is much higher or lower than the difficulty of the 

items, with which they are presented.14,19 The respondents described in this paper were chosen to 

maximize the statistical information on, and hence minimize the standard errors of the estimates of, 

the parameters of the item response theory model. For this reason, they may not be representative 

of the populations described. 

The ALDS item bank was developed to quantify functional status in terms of the ability to perform 

activities of daily life. The ALDS item bank covers a large number of activities, which are suitable 

for assessing respondents with a very wide range of functional status and many types of chronic 

conditions. The items were obtained from a systematic review of generic and disease specific func-

tional health instruments.1 The methodology used to develop the ALDS item bank, including the 

use of incomplete calibration designs, has been described in depth.14 Other papers have examined 

technical20 and practical21 aspects of methods to deal with missing item responses and the use of 

a ‘not applicable’ response category for the items. It has been shown that some of the ALDS items 

may have different measurement characteristics for males and females and for younger and older 

respondents.22 The first results showed that the ALDS item bank had acceptable psychometric 

properties in a residential care population.9 

This study expands the results described in previous papers by examining the measurement proper-

ties of a selection of ALDS items, judged to be clinically relevant for a range of medical specialties, 

in a mixed population. The sample of respondents consisted of: residents of supported housing, re-

sidential care or nursing homes; patients attending an outpatient’s clinic for the treatment of chronic 
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Data collection 

The respondents attending a clinic for chronic pain filled in a questionnaire with a single set of 88 

items (set A). These items were chosen by one of the authors (MGWD) because they were clinically 

relevant for this patient population and spanned the whole range of functional status represented by 

the ALDS item bank. All other respondents were interviewed by specially trained nurses or doctors. 

The respondents who had a stroke were all presented with a single set of 21 items chosen by one 

of the authors (NW) to cover the lower end of the ALDS item bank (set B). The residents of suppor-

ted housing, residential care or nursing homes and the respondents with Parkinson’s disease were 

presented with one of four sets of 80 items (sets C, D, E and F), which were described previously.9 

In these sets, each of 160 items covering the whole range of levels of functioning represented by 

the item bank was randomly allocated to two sets. Items sets C and D have half their items in com-

mon, as do sets D and E, sets E and F and sets F and C. The data collection design is illustrated in 

Figure 1. The items that are in each set are indicated by the solid blocks. It can be seen that all sets 

except B contain items from the whole range of the item bank and that set B mainly contains items, 

which are from the lower end of the range of functional status represented by the ALDS item bank. 

Further details of the item sets are given in Table 1. The items that are in each set and the number 

of respondents, to whom each item was presented and the number responding in each category 

are indicated in Table 2.

pain; hospitalized stroke patients; or attending an outpatient’s clinic for Parkinson’s disease. These 

groups of patients were chosen because they have a broad range of chronic conditions and levels 

of functional impairment.

Methods

Respondents 

A total of 1002 respondents were included. The respondents were previously described9 residents 

of supported housing, residential care or nursing homes (551 respondents – 55%) and patients 

included in a number of studies in the Academic Medical Center, Amsterdam, the Netherlands. The 

studies were to examine: the effectiveness of treating patients with chronic pain in a specialized 

outpatients’ clinic (235 – 23%); the effectiveness of treatment of stroke in an academic setting (127 

– 13%); the progression of Parkinson’s disease when only standard medication is prescribed (89 

– 9%). The median age of the whole sample was 78 years (range 19 to 103 years) and 691 (69%) 

were female. Since the respondents described in this paper were chosen to minimize the standard 

errors of the estimates of the parameters in the item response theory model, they may not be truly 

representative of the populations described. This is particularly true for the residents of supported 

housing, residential care or nursing homes and for the stroke patients.

Items

Each item in the ALDS item bank describes an activity of daily life. Examples include: ‘Walking for 

more than 15 minutes’; ‘showering’; and ‘washing up’. The items were obtained from a systematic 

review of generic and disease specific instruments designed to measure functional health status.1 

Respondents were asked whether they could carry out each activity on their own at the present 

time. Each item has two response categories: ‘I could carry out the activity’ and ‘I could not carry 

out the activity’. Two response categories were used because it has been shown that this maximizes 

the reproducibility of scoring between time points and interviewers and increases clinical interpre-

tability.23 If a respondent had never had the opportunity to experience an activity, a ‘not applicable’ 

response was recorded. In the analysis, responses in the ‘not applicable’ category were treated as if 

the individual items has not been presented to the patients.21 During the data collection, the intervie-

wers signaled that some items were too ‘hospital’ based (‘washing oneself in bed’ for patients living 

at home or in residential care), had become ‘old-fashioned’ (‘using a public telephone’ and ‘using a 

carpet beater’) or were so alike that respondents could not differentiate between them (‘showering 

and washing ones hair’ and ‘showering, but not washing ones hair’). For this reason, all of the 170 

items included in the data collection were re-evaluated by two of the authors (NW and RJdH). A total 

of 115 items were judged to be actually suitable for inclusion in the ALDS item bank. 

Figure 1.       The items in each of the item set A to F.
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In step (a) items were excluded from further analysis if the item had been presented to fewer than 

200 patients or if fewer than 10% or more than 90% of the responses were in the category ‘can 

carry out’. In step (b), the items were examined using the one parameter logistic item response 

theory model26 to investigate whether the item difficulty parameter (i) was similar for male and fe-

male and for younger and older patients. This model was chosen because the parameters can be 

estimated using a smaller number of patients than are required to estimate the parameters in the 

two-parameter model satisfactorily.17 The cutoff point between younger and older patients was 78 

years, the median age. Items were excluded from further analysis if the difference in the value of the 

item difficulty parameters was more than half of the value of the standard deviance of the underlying 

distribution of ability parameters (). This is equivalent to a moderate effect size.27 

In step (c), estimates of the item parameters  (ai and i) were obtained. The fit of the model to the 

data from each item was assessed using G2 statistics.17 Items, for which the fit statistic had a p-

value of less than 0.01 were excluded from further analysis. In step (d), the dimensionality of the 

item bank was examined using item response theory based full information factor analysis.9,16,17 An 

exploratory factor analysis was carried out on each of the six item sets. To examine the population 

as a whole, a confirmatory factor analysis was carried out using the data from all 1002 respondents. 

In addition, Cronbach’s coefficient alpha was calculated for each of the six item sets and for all of 

the data.18,28 Steps (a), (b) and (c) were carried out in Bilog, version 3.017 using marginal maximum 

likelihood estimation techniques with an empirically obtained distribution of the person parameters 

(). Step (d) was carried out using TESTFACT, version 4.0.17

Results

Of the 115 items that were regarded as suitable for inclusion in the ALDS item bank, 38 were 

removed from and 77 were retained in the item bank. In step (a), a total of 24 items were remo-

ved from further analysis. Two items had been presented to fewer than 200 respondents, 1 item 

had fewer than 10% of responses in the category ‘can carry out’ and 21 items had more than 

90% of responses in the category ‘can carry out’. In step (b), a total of 11 items were removed 

from further analysis. Four items had different measurement characteristics for younger and older 

patients. Seven items had different measurement characteristics for male and female patients. In 

step (c), 3 items were removed from further analysis because their item fit statistic had a p-value 

less than 0.01. The item parameters (a and ) are given, with their standard errors, in Table 2. The 

probability that respondents with a range of levels of functional status can perform the items is 

illustrated in Figure 2. A histogram of the values of the difficulty parameters (i) is given in Figure 

3. It can be seen that the items cover the whole range of functioning, although there are more 

‘easy’ than ‘difficult’ items. 

Statistical analysis

The statistical analysis is has been developed from previous work14 and very similar to that in a 

previous paper.9 The analysis concentrates on the two-parameter logistic item response theory 

model.24 This model has been chosen because it allows a more realistic model25 for the data to be 

built than when the more restrictive one-parameter logistic model.26 In addition, the one-parameter 

logistic model has been shown to be unsuitable as a final model for describing data resulting from 

functional status items.9,14 In the two-parameter logistic item response theory model, the probability, 

Pik, that patient k responds to item i in the category ‘can’ is modeled using 

     

where  k denotes the ability of patient k to perform activities of daily life. The discrimination parame-

ter (a) and the difficulty parameter () describe the measurement characteristics of item i. 

Table 1.       Characteristics of the 6 sets of items

Pik (ik)=
exp ( ai (k + i))

1 + exp ( ai (k + i))

n denotes the number of patients, who were presented with the item set
• RC denotes residents of supported housing, residential care or nursing homes
• PD denotes Parkinson’s disease
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   Number of responses 
   
Nr Item description Item n NA can can  s.e.() a s.e.(a) 
  sets   not

   Number of responses 
   
Nr Item description Item n NA can can  s.e.() a s.e.(a) 
  sets   not

1 Cycling for 2 hours ADE 556 22 448 86 -3.057 0.374 2.450 0.326
2 Vacuuming a flight of stairs ADE 556 21 387 148 -2.653 0.307 3.231 0.399
3 Walking upstairs with a bag AEF 532 13 364 155 -2.140 0.265 2.702 0.325
4 Cleaning a bathroom ACD 578 10 368 200 -1.959 0.188 3.071 0.332
5 Vacuuming a room (furniture) ACF 554 7 369 178 -1.879 0.166 2.455 0.223
6 Fetching groceries for >3 days CD 343 0 267 76 -1.633 0.246 2.439 0.456
7 Going for a walk in the woods ADE 556 17 345 204 -1.504 0.172 2.562 0.284
8 Traveling by bus or tram ADE 556 18 307 231 -1.230 0.145 2.864 0.277
9 Walking for more than 15 min ADE 556 2 298 256 -0.818 0.105 2.131 0.214
10 Carrying a tray ADE 556 12 316 228 -0.808 0.100 1.618 0.163
11 Walking up a hill/high bridge ADE 556 17 294 245 -0.781 0.094 1.993 0.165
12 Shopping for clothes CF 319 2 206 111 -0.723 0.167 3.401 0.570
13 Cutting toe nails AEF 532 4 286 242 -0.655 0.089 1.626 0.148
14 Filling a form in DE 321 3 225 94 -0.614 0.088 1.028 0.131
15 Going to a party DE 321 1 215 105 -0.560 0.092 1.407 0.171
16 Standing for 10 minutes ACF 554 6 274 274 -0.525 0.090 1.834 0.161
17 Going to a restaurant ACD 578 12 272 294 -0.481 0.085 1.975 0.173
18 Sweeping a floor AEF 532 11 235 286 -0.450 0.105 2.872 0.336
19 Hanging up the washing ACD 578 29 261 288 -0.445 0.092 2.257 0.248
20 Vacuuming a room A 235 7 50 178 -0.347 0.203 2.470 0.546
21 Moving a bed or table EF 297 1 184 112 -0.304 0.091 1.342 0.144
22 Using a washing machine DE 321 8 183 130 -0.234 0.106 2.072 0.271
23 Reaching into a high cupboard ACF 554 5 248 301 -0.234 0.071 1.525 0.145
24 Walking up stairs ACF 554 5 233 316 -0.192 0.082 2.190 0.241
25 Going to a bank or post office ABCF 681 2 328 351 -0.130 0.089 3.119 0.305
26 Walking down stairs AEF 532 4 204 324 -0.020 0.086 2.620 0.325
27 Going to a doctor DE 321 9 164 148 0.020 0.125 3.289 0.435
28 Using a dustpan and brush EF 297 2 159 136 0.083 0.108 2.503 0.422
29 Going for a short walk ABCF 681 3 309 369 0.071 0.074 2.059 0.171
30 Writing a letter BCD 470 4 245 221 0.175 0.068 0.862 0.092
31 Changing the sheets on a bed CF 319 3 154 162 0.209 0.093 1.560 0.218
32 Crossing the road CF 319 0 165 154 0.224 0.142 2.906 0.318
33 Opening a window DE 321 0 149 172 0.240 0.086 1.417 0.179
34 Fetching groceries for >1 days ABEF 659 2 276 381 0.291 0.088 2.529 0.230
35 Polishing shoes CF 319 11 146 162 0.342 0.107 1.899 0.267
36 Showering ABCD 705 6 243 456 0.657 0.077 1.950 0.183
37 Folding up the washing CD 343 13 122 214 0.698 0.113 1.595 0.205
38 Dusting AEF 532 18 141 373 0.702 0.100 2.391 0.267
39 Putting lace up shoes on BDE 448 1 193 254 0.759 0.097 1.584 0.180

40 Cleaning a toilet EF 297 1 115 181 0.779 0.122 2.102 0.293
41 Cutting finger nails AEF 532 2 113 417 0.901 0.092 1.519 0.153
42 Making a bed ADE 556 4 127 425 0.842 0.087 1.732 0.196
43 Reaching under a table CD 343 1 104 238 0.918 0.103 1.438 0.171
44 Heating tinned food ACD 578 10 143 425 0.922 0.107 2.572 0.265
45 Frying an egg ADE 556 8 134 414 1.022 0.134 3.083 0.378
46 Reaching into a low cupboard CF 319 0 90 229 1.092 0.134 1.513 0.206
47 Moving between two low chairs EF 297 1 76 220 1.144 0.139 1.381 0.197
48 Picking something up BEF 424 0 170 253 1.151 0.141 2.019 0.228
49 Cleaning a bathroom sink DE 321 6 107 208 1.180 0.174 2.783 0.451
50 Putting the washing up away DE 321 14 89 218 1.263 0.145 2.001 0.274
51 Reading a newspaper DE 321 1 56 264 1.278 0.135 0.902 0.144
52 Getting in and out of a car ADE 556 7 98 451 1.339 0.141 2.174 0.239
53 Making porridge ACD 578 20 110 448 1.369 0.144 2.441 0.283
54 Clearing a table after a meal CF 319 0 95 224 1.471 0.225 2.555 0.427
55 Peeling an apple ADE 556 8 62 486 1.498 0.112 1.200 0.122
56 Making breakfast or lunch AEF 532 8 87 437 1.517 0.173 2.273 0.300
57 Cleaning kitchen surfaces CF 319 2 90 227 1.765 0.249 2.955 0.462
58 Putting a chair up to the table ACF 554 3 75 476 1.777 0.186 2.060 0.277
59 Eating a meal at the table BCD 470 0 101 369 1.788 0.149 1.352 0.134
60 Washing up CD 343 1 74 268 1.863 0.223 2.244 0.309
61 Putting step-in shoes on ADF 539 2 58 479 1.930 0.208 1.899 0.277
62 Sitting up in bed EF 297 0 34 263 1.948 0.219 1.248 0.197
63 Getting a book off the shelf CF 319 0 45 274 2.106 0.264 1.672 0.250
64 Answering the telephone BDE 448 0 60 388 2.148 0.179 1.156 0.123
65 Hanging clothes up AEF 532 5 66 461 2.192 0.248 2.645 0.369
66 Making coffee or tea CD 343 0 58 285 2.348 0.298 2.316 0.332
67 Putting trousers on ACD 578 5 70 503 2.376 0.261 2.744 0.364
68 Making a bowl of cereal DE 321 2 55 264 2.280 0.297 2.292 0.335
69 Sitting on the edge of the bed BEF 424 1 52 371 2.674 0.298 1.452 0.183
70 Moving between 2 dining chairs DE 321 0 44 277 2.722 0.463 2.353 0.470
71 Washing lower body DE 321 0 57 264 2.777 0.470 3.027 0.587
72 Putting a coat on ABCF 681 3 99 579 2.859 0.308 2.392 0.291
73 Washing face and hands BEF 424 0 75 349 2.969 0.389 2.067 0.284
74 Getting out of bed into a chair ABEF 659 4 85 570 2.987 0.266 2.261 0.241
75 Going to the toilet ABCD 705 5 115 585 3.077 0.461 2.954 0.453
76 Washing lower body (taken) CD 343 1 52 290 3.235 0.580 3.140 0.616
77 Putting a T-shirt on EF 297 0 32 265 3.494 0.960 2.690 0.792

Table 2.       The 77 items and their measurement properties.
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In step (d), the value of Cronbach’s coefficient alpha varied between 0.92 and 0.97 for the six sets 

of items and was equal to 0.98 for the whole data set. The values for each set of items are given in 

Table 1. The data sets had between 1 and 3 latent roots larger than 1 and the whole data set had 5 

latent roots larger than 1. In general, there was one very large latent root and a number marginally 

greater than one. The percentage of variance explained by a single factor varied between 64% and 

78% for the item sets and was equal to 77% for the whole data set.

Discussion

In this study, an item response theory analysis of the ALDS item bank has been examined using 

an incomplete calibration design and a sample of 1002 respondents from: supported housing 

schemes, residential care or nursing homes (551); an outpatients’ clinic for patients with chronic 

pain (235); following a stroke (127); and an outpatients clinic for Parkinson’s disease (89). Each 

item in the analysis was presented to between 297 and 705 respondents. This is well above the 

minimum, of 200 respondents, regarded as necessary to implement the two-parameter logistic 

item response theory model.17

The resulting item bank contains 77 items representing a wide range of levels of functional status. 

Although there are a number of items, which have very similar item parameters or content, there 

is no need to reduce the number of items further. Since estimates of respondents’ functional sta-

tus are comparable, even when different sets of items are used to score them, researchers can 

choose items, which are particularly relevant to their ‘population’. In this way, accurate estimates 

can be obtained, whilst minimizing the burden of testing on both researchers and participants in 

clinical studies. 

Before the item response theory based analysis was carried out, 55 of 170 items included in 

the data collection design were removed from the item bank because they were judged to be 

unsuitable for inclusion in the ALDS item bank. The insight required to judge that some of the 

items were unsuitable for the ALDS item bank could only been obtained once the items had been 

presented to a wide range of respondents. In the future, when developing an entirely new item 

bank, it may wise to conduct a broad pilot study before embarking on the full calibration study. 

Previous results have shown that a proportion of items in the ALDS item bank have different 

measurement properties for men and women and for younger and older patients.9,22,29 These 

results have been confirmed in this paper. Ideally, potential differences between the measurement 

characteristics of the items for different patient populations, for different groups of raters and for 

the interview and self-report versions of the ALDS item bank should also be examined in the same 

Figure 2.     The probability that respondents with a range of levels of functional 

      status can perform the items.
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Figure 3.       A histogram of the values of the difficulty parameters (b).

Item difficulty parameter



48 49

The ALDS item bank: IRT analysis in a mixed patient populationChapter 3

way as the differences between age and gender based groups. However, this was not possible for 

two reasons. Firstly, the groups of respondents with Parkinson’s disease or acute stroke were too 

small to perform this analysis satisfactorily. Secondly, the levels of functioning in the respondents 

with chronic pain were much higher than those of the respondents living in residential care. This 

means that it was not possible to compare the groups at similar levels of functional status. Thirdly, 

all of patients in any given group were rated in the same way. Hence, it is not possible to separate 

differences caused by groups of raters and those caused by characteristics of the patient groups. 

The respondents described in this paper were chosen to maximize the statistical information on, 

and hence minimize the standard errors of the estimates of, the parameters of the item response 

theory model. For this reason, they may not be representative groups from the populations des-

cribed. This is particularly true for the residents of supported housing, residential care or nursing 

homes and for the stroke patients. 

This does not have any consequences for the interpretation and implementation of the estimates 

of the parameters of the item response theory model14 or the item response theory based factor 

analysis, but means that the values of Cronbach’s alpha should be confirmed in future studies. In 

addition, the results for patients after a stroke and with Parkinson’s disease need to be confirmed 

due to the small sample sizes used. Furthermore, in future studies it will be essential to examine 

whether the 77 items presented in this paper have the same measurement characteristics if they 

are presented to patients in an interview by nurses or by doctors or if patients respond to the 

items in a self-report situation. 

The results presented in this article are different to those presented in a previous article examining 

the data from the residents of supported housing schemes, residential care or nursing homes.9 

There are two main reasons for this. Firstly, the selections of items included in the analysis were 

different. Secondly, the data described in this paper were collected from a mixed population of 

respondents. Previous research has commented on the differences between the one-parameter 

and two-parameter logistic item response theory models. In this paper, the two-parameter logistic 

item response theory model has been used. This model was chosen because previous results 

have shown that the one-parameter logistic model is unsuitable for this type of data.9

Conclusion

The results in this paper have shown that the ALDS item bank has promising measurement cha-

racteristics for a mixed patient population. The authors feel that the item bank can be used as a 

reliable indicator of functional health status in residents of supported housing, residential care or 

nursing homes, patients with chronic pain, acute stroke or Parkinson’s disease. This paper has 

examined a mixed patient population, so the authors expect that the item bank will have good 

measurement characteristics for a wide range of other populations. However, care should be ta-

ken when using the ALDS item bank in other populations until these results have been confirmed. 

Although this examination of the ALDS item bank has concentrated on six sets of items, future 

applications of the item bank are not bound to these sets of items. If these results are confirmed in 

future studies, the ALDS item bank will form a good foundation for a computerized adaptive tes-

ting procedure.4 It would also be possible to select fixed length sets of items, specifically tailored 

to the level of functional status or clinical characteristics of a certain group of patients.
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Abstract

Objective: To determine the psychometric properties of the Academic Medical Center (AMC) Linear 

Disability Scale (ALDS) item bank in a population of patients with rheumatoid arthritis (RA).

Methods: 129 patients with RA completed the ALDS and Health Assessment Questionnaire Disa-

bility Index (HAQ-DI) at baseline, and after 8 and 16 weeks of anti-tumor necrosis factor-α treat-

ment. Disease activity assessments at these time points included serum levels of C-reactive protein, 

Disease Activity Score 28 (DAS28), morning stiffness and visual analog scales for global disease 

activity and fatigue. 

Results: Reliability of the ALDS was excellent (Homogeneity, Cronbach’s a = 0.95; test-retest, ICC 

= 0.93). The ALDS results at baseline were strongly correlated with the HAQ-DI (r = -0.75). With 

regard to known-group validity, both instruments discriminated between higher and lower disease 

activity (ALDS, p < 0.0001; HAQ-DI, p = 0.002) and between non-, moderate and good responders 

(ALDS, p = 0.002; HAQ-DI, p < 0.0001), indicating that both instruments differentiate between 

groups. The ALDS was moderate to highly responsive to change between baseline, and after 8 

weeks and 16 weeks of treatment (standardized response mean, range = 0.71-1.19). No substan-

tial floor or ceiling effects were found. 

Conclusions: Our results show that the ALDS is a promising new instrument, with at least equi-

valent psychometric properties compared to the HAQ-DI. Advantages of the ALDS item bank are 

its linear structure and an item bank can be used adaptively depending on the ability level of the 

patient. 

Introduction

The influence of a disease on the patient’s level of activities of daily living (ADL) is generally consi-

dered an important outcome measure in clinical studies.1,2 At present a lot of effort is put into the 

development of new measures to assess patients’ daily functioning and perception of illness. Deve-

lopments such as item response theory (IRT) based item banks and computer adaptive testing for 

the measurement of patient-reported outcomes are of increasing interest in the rapidly developing 

field of outcome assessment in rheumatology.3

The Health Assessment Questionnaire Disability Index (HAQ-DI) has become the most frequently 

used and validated functional disability scale in rheumatology.4,5 Although the HAQ-DI has shown to 

be an effective, reliable, and valid tool that is sensitive to change, a few issues remain. The HAQ-DI 

is a fixed-length instrument, meaning that all the items of the scale must be administered to all pa-

tients to calculate a total score irrespective of their level of disability, which means that able patients 

as well as more disabled patients will be presented the same items. This impractical approach may 

lead to ceiling and floor effects.6-8 Another disadvantage is that the HAQ-DI uses an ordinal instead 

of a linear scale, thus a similar change in HAQ-DI scores represents a different amount of change in 

function depending on where the patient is situated on the scale (e.g., a functional health change in 

HAQ-DI from 0.5 to 1.0 is not the same as a change from 2.0 to 2.5).9

 

Interest is currently moving from sum score-based methods toward the more flexible framework 

offered by item banks in conjunction with IRT.10 An item bank is a collection of items, for which the 

measurement properties of each item are known.11,12 Using psychometric methods based on IRT 

we developed an outcome scale which is not ordinal but linear and that identifies the full range of 

disability.13,14 The Academic Medical Center Linear Disability Score (ALDS) is a generic, non-disease 

specific item bank consisting of a large number of ADL items hierarchically ordered from simple to 

complex activities. By using a small number of items, tailored to the ADL level of patients, a suf-

ficiently detailed clinical picture can be obtained. Even if different sets of items are used for different 

groups of patients, ALDS scores can still be compared within or between medical specialties. 

The methodology used to develop the ALDS item bank has been analyzed in depth.14-18 We used 

subsets of items from the ALDS item bank and have expanded the psychometric evaluations to 

patients with rheumatoid arthritis (RA).

Methods

Patients

The patients with RA in our study were participants in a clinical trial with anti-tumor necrosis factor-a 

(TNF- a)  therapy (infliximab). As part of this study the course of functional status in relation to clinical 

response to anti-TNF-a therapy was studied. The data presented here was obtained at baseline 

assessment and follow-up after 8 weeks and 16 weeks of treatment. All patients were included in 

the study after failing at least 2 disease modifying anti-rheumatic drugs (DMARD) including me-

thotrexate (MTX), and having active disease defined as a Disease Activity Score 28 (DAS28) score 

≥ 3.2.19 Patients were taking maximal tolerable MTX treatment (5-30 mg/week), which had to be 

stable for at least 4 weeks prior to baseline. Oral corticosteroids (≤10 mg/day) and non-steroidal 

anti-inflammatory drug were allowed if stable for at least 1 month prior to baseline. The study pro-

tocol was approved by the Medical Ethics Committee of the Academic Medical Center, University 

of Amsterdam. All patients gave written informed consent and were interviewed by trained research 

nurses.
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for the stable patients only. The threshold for this type of reliability was defined as ICC ≥ 0.70.23 

Construct validity was assessed at baseline by measuring the extent to which the ALDS corre-

lates with a measure addressing the same concept (HAQ-DI) or measures (CRP, VAS fatigue, mor-

ning stiffness, VAS disease activity, DAS28) that reflect different aspects of health. We labeled the 

strength of the association; absolute values of r = 0.00-0.19 were regarded as very weak, 0.20-0.39 

as weak, 0.40-0.59 as moderate, 0.60-0.79 as strong, and 0.80-1.0 as very strong correlation.26 

We assumed that for the ALDS to be valid, the ALDS scores had to correlate at least moderately 

with the HAQ-DI. In addition, we would expect the ALDS scores to show lower associations with 

the clinical measures of disease activity (DAS28, VAS disease activity, morning stiffness, and VAS 

fatigue) and even lower with laboratory measures of disease activity (CRP). 

A scale demonstrates known-group validity if it discriminates between groups of patients with 

known differences in clinical status. Group differences were determined by comparing ALDS scores 

between more or less disease activity (DAS28 dichotomized on 5.1) and non-, moderate, and good 

responders according to the European League Against Rheumatism (EULAR) criteria after 16 weeks 

of anti-TNF-a therapy. 

Responsiveness was investigated by calculating the standardized response mean (SRM). An SRM 

value between 0.5 and 0.80 is considered moderate, and ≥ 0.80 as high responsiveness.27 Mean 

ALDS values at 8 and at 16 weeks of follow-up were compared with the mean value at baseline. 

Wolfe9 stated that the HAQ-DI cannot reliably detect differences in patients below a HAQ-DI score 

of 0.24. Therefore, we additionally calculated the SRM between baseline and 8 weeks of treatment 

for a subpopulation with a HAQ-DI score ≤ 0.24.

With regard to floor and/or ceiling effects, the percentages of patients with a maximal or minimal score 

at all time points were presented for the ALDS. The HAQ-DI was used as benchmark and therefore, 

with the exception of the reliability analysis, all the above described psychometric analysis (construct 

and know group validity, responsiveness, and ceiling/floor effects) were also done for the HAQ-DI.

Statistical analysis

Patient characteristics, outcome scores, and ceiling or floor effects were analyzed using descriptive 

statistics. Scores for the ALDS item bank were calculated using previously published item parame-

ters15 and algorithms implemented in BILOG-MG version 3.028 and SPSS 12.0 for Windows. Pa-

tients’ ability parameters were estimated with maximum likelihood methods. ALDS items to which 

a patient did not respond or gave a response in the ‘not applicable’ category were treated as if 

they had not been offered to that patient16 Values of Cronbach’s a were obtained using a specific 

IRT method that allows for missing item responses22,29 implemented in TESTFACT version 4.0.28 

Assessment

Demographic variables (age and sex) and disease status in terms of disease duration, presence 

of erosions, and rheumatoid factor positivity were registered at baseline. Disease activity was as-

sessed by the DAS28 score, erythrocyte sedimentation rate (ESR), and serum levels of C-reactive 

protein (CRP). The DAS28 was based on the following 4 core variables: swollen joint count, tender 

joint, ESR and a 100 mm patient’s global disease activity visual analog scale (VAS).19 Other variables 

assessed were the HAQ-DI,5,20 the ALDS, early morning stiffness in minutes, and VAS for fatigue. All 

variables were obtained at baseline and after 8 weeks and 16 weeks of anti-TNF-a therapy.

The ALDS item bank

The ALDS item bank was developed to quantify functional status in terms of the ability to perform 

ADL using a 2-parameter logistic IRT framework14,21 (see Appendix 2 for methodological details). 

The current version of the item bank consists of 77 items, ranging from relatively easy to difficult 

(Appendix 3). Each patient was assessed with one of 4 increasingly difficult item sets, depending on 

the ability level of the patient. Beforehand the 4 different item sets were chosen by 2 of the authors 

(NW, RdH) and contained 14 items on average. Mildly disabled patients were presented with more 

difficult item sets because those were likely to provide more information. On the other hand, easier 

item sets lower on the scale were presented to more disabled patients. The items were administe-

red by trained nurses and had 2 response options: ‘I can carry out the activity’ and ‘I cannot carry 

out the activity’. Participants were asked to indicate whether they could perform the activities now 

in the same way that they would at home or in the location where they were residing. If an activity 

had never before been performed by a patient (e.g., ‘travel by local bus or tram’), or the patient’s 

response was ‘I do not know’, ‘not applicable’ was recorded. The score ranges from 0 to 100, with 

lower scores representing more disability.

Psychometric evaluation

IRT was used to construct the ALDS item bank, but in our study the psychometric properties of 

the ALDS were studied and presented in classical terms of reliability (i.e., internal consistency and 

test-retest reliability), validity (i.e., construct and known-group), responsiveness, and the presence 

of ceiling and/or floor effects. 

Internal consistency was assessed at the baseline measurement using Cronbach’s a. The Cron-

bach’s a coefficient22 is based on the (weighted) average correlation of items within a scale. The cri-

terion used for good overall internal consistency was a ≥ 0.80.23 Test-retest reliability was assessed 

using intraclass correlation coefficients (ICC). Since test-retest reliability is preferably assessed in 

stable patients, the HAQ-DI was chosen to identify patients whose responses did not change across 

baseline and 8 weeks later. A delta HAQ-DI score of < 0.22 was considered stable.24,25 ICC [and the 

corresponding 95% confidence interval (CI)] was calculated for the ALDS score at the 2 time points 
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Reliability

The internal consistency of the ALDS was good (Cronbach’s a = 0.95). Twenty-seven percent (n = 

34) reported a stable disability level (delta HAQ-DI score of < 0.22) and were included in the analysis 

of test-retest reliability. The ICC for the baseline and 8 weeks follow-up ALDS scores was 0.93 (95% 

CI 0.83 - 0.97), well above the 0.70 threshold. 

Validity

Table 2 summarizes the scale scores of the measures studied at baseline assessment. Convergent 

validity was confirmed by a strong correlation between the ALDS and the HAQ-DI. Additionally, the 

ALDS showed weak to moderate associations with the clinical measures of disease activity (VAS 

fatigue, morning stiffness, VAS disease activity, DAS28) and a very weak association with the labo-

ratory measure of disease activity (CRP). The correlations of the HAQ-DI with the above mentioned 

measures were in about the same range. 

Associations between the ALDS scores and the other measures were expressed in Pearson’s (r) 

or Spearman’s correlation coefficients (rs). Differences between mean ALDS and HAQ-DI scores 

were analyzed using an unpaired t-test or analysis of variance (ANOVA) and Tukey’s HSD post hoc 

analysis, when appropriate. The SRM was calculated by dividing the mean change scores by the 

standard deviation of the change scores. The original ALDS logits were used in all analysis, but for 

clarity only the linearly transformed ALDS scores (0-100) are presented. 

Results 

Patient characteristics

One hundred twenty-nine patients with RA were enrolled between April 2001 and May 2004. The 

study group consisted of a predominantly female (73%) population with a mean age of 55 (range 

23-85) years. On average, patients had failed treatment with 2.2 ± 1.5 DMARD before inclusion in 

the study. Oral corticosteroids were taken by 34 (26%) patients, mean dose of 2.1 ± 3.7 mg/day. 

Baseline patient characteristics are summarized in Table 1. 

Table 1.        Baseline characteristics.

(DAS28): disease activity score; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; 
DMARD: disease modifying anti-rheumatic drugs; NSAID: non-steroidal anti-inflammatory drugs.

Score values are mean (± SD); correlation values are Pearson’s correlation coefficient and calculated with the 
ALDS logits. 
*Due to skewed data median and range as well as Spearman’s rho correlation coefficient are presented. 
†All correlations are significant at the 0.01 level, except both correlations with CRP. Since higher ALDS scores 
indicate better functioning, signs of the coefficients are negative.
ALDS: AMC Linear Disability score; HAQ-DI: Health Assessment Questionnaire Disability Index; VAS: visual 
analog scale.

Table 2.       Descriptive statistics of the instruments and construct validity at 

       baseline assessment.

Table 3 shows the results with regard to the known-group validity; both instruments discriminated 

between different levels of disease activity (score ≤ 5.1 and score > 5.1) according to the DAS28 

(ALDS; t = 3.97, p < 0.0001; HAQ-DI; t = -3.22, p = 0.002). ANOVA showed statistically significant 
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Discussion

It is now widely acknowledged in the rheumatology field that assessment of patient disability should 

be part of the core outcome measures used in clinical trials. The HAQ was one of the first patient- 

reported outcome measures to be used and it has been extensively validated in a wide range of 

clinical trials.5,30 Since patient-reported outcomes have become increasingly important in rheumato-

logy the development of novel outcome measures that might supersede the old are under way. 

We have shown that subsets of items from the ALDS item bank used in RA can make up a relia-

ble instrument showing good internal consistency and test-retest stability. The strong association 

between the ALDS and the HAQ-DI indicates that these scales largely focus on the same disability 

construct. The decreasing association between the ALDS scores and the clinical and laboratory 

measures demonstrates that the ALDS is less focused on other aspects of health, also indicating 

construct validity. Although no differences in ALDS scores exist between moderate and good res-

ponders to anti-TNF-a therapy, our findings that the ALDS scores differentiate between non- and 

moderate responders and between higher and lower level of disease activity indicate that the ALDS 

is sensitive to discriminate between different patient groups. The results concerning construct and 

known-group validity are identical for the ALDS and the HAQ-DI. Compared to the HAQ-DI, the 

ALDS was shown to be sufficient, but less responsive between baseline and 8 weeks of treatment. 

Both instruments were highly responsive after 16 weeks of anti-TNF-a treatment. Moreover, the 

ALDS was shown to be less susceptible to ceiling effects. 

The ALDS items can be used adaptively, meaning that more difficult items higher up the scale can 

be presented to relatively able patients, while the easier items can be presented to more disabled 

patients. Accordingly, it is possible to choose for a sample of items ranging from easy to difficult in 

case of unknown characteristics of the patient group. Items which have a similar difficulty grade are 

interchangeable and can be used to assemble scales with items that may be of interest for different 

patient groups. Since the metric properties of all items have been established, ALDS scores can be 

compared within or between medical specialties, even when different sets of items are used. Ano-

ther advantage of an IRT based item bank like the ALDS over fixed-length measures is that a linear 

instead of an ordinal scale is used.

The use of IRT to improve patient-reported outcome received increased attention following the Nati-

onal Institutes of Health initiative to build a comprehensive Patient Reported Outcome Measurement 

System based on IRT (PROMIS, www.nihpromis.org). This initiative focuses not only on physical 

health but also mental health and social health. Examples of other physical functioning item banks 

have been developed by Haley, et al31 and Ware, et al32. However, to our knowledge item banks in 

use in the clinical field to date are scarce.

differences (ALDS; F = 6.56, p = 0.002; HAQ-DI; F = 16.96, p < 0.0001) between non-, moderate 

and good responders, indicating that both instruments differentiate between different groups. Post 

hoc analysis, however, showed no significant difference in ALDS or HAQ-DI scores between mode-

rate and good responders (ALDS; Tukey’s HSD, p = 0.70; HAQ-DI, Tukey’s HSD, p = 0.57).

Responsiveness

The SRM between baseline and 8 weeks of treatment indicated that the ALDS was moderate (SRM 

= 0.71) and the HAQ-DI (SRM = 0.88) was highly responsive. Both measures were highly responsive 

to change between baseline and 16 weeks of treatment (ALDS, SRM = 0.85; HAQ-DI, SRM = 1.03). 

Additionally, the SRM for the subpopulation with HAQ-DI score ≤ 0.24 at baseline and 8 weeks of 

treatment (n = 16) was 1.19 for the ALDS and 0.98 for the HAQ-DI, respectively. 

  

Floor and ceiling effect

At all time points the ALDS showed no floor (0%) or substantial ceiling effect (baseline = 0.9%; 8 and 

16 weeks = 0.8%). The same was true for the baseline scores of the HAQ-DI (floor = 0.8%, ceiling = 

2.3%). In addition, the HAQ-DI showed no considerable floor effect at both follow-up measurements 

(8 weeks: 1.6%; 16 weeks: 0.8%), whereas the percentage patients scoring at the ceiling was sub-

stantially higher (8 weeks: 9.3%; 16 weeks: 13.2%).

Table 3.        Known group validity at baseline assessment.

*DAS28 was dichotomized on a cutoff score of 5.1. Score distributions are presented as mean (± SD). 
Differences in mean logit and HAQ-DI scores are calculated using the unpaired t-test (DAS28) and ANOVA 
(EULAR response criteria). ALDS scores are presented after linear transformation of the original logits.



60 61

Chapter 4 The ALDS item bank in rheumatoid arthritis patients

(8)  Hall KM, Cohen ME, Wright J, Call M, Werner P. Characteristics of the functional independence measure 

 in traumatic spinal cord injury. Arch Phys Med Rehabil. 1999;80(11):1471-1476.

(9)  Wolfe F. The psychometrics of functional status questionnaires: room for improvement. J Rheumatol. 2002;29(5):865-868.

(10)  Hays RD, Morales LS, Reise SP. Item response theory and health outcomes measurement in the 21st century. 

 Med Care. 2000;38(9 Suppl):II28-II42.

(11)  Bode RK, Lai JS, Cella D, Heinemann AW. Issues in the development of an item bank. Arch Phys Med Rehabil. 

 2003;84(4 Suppl 2):S52-S60.

(12)  McHorney CA. Ten Recommendations for Advancing Patient-Centered Outcomes Measurement for Older Persons. 

 Ann Intern Med. 2003; 139(5_Part_2):403-409.

(13)  de Haan RJ, Vermeulen M, Holman R, Lindeboom R. Measuring the functional status of patients in clinical trials 

 using modern clinimetric methods[in Dutch]. Ned Tijdschr Geneeskd. 2002;146(13):606-611.

(14)  Holman R, Lindeboom R, Glas CAW, Vermeulen M, Haan de RJ. Constructing an item bank using item response 

 theory; The AMC Linear Disability Score Project. Health Serv Outcomes Res Methodol. 2003;4:19-33.

(15)  Holman R, Weisscher N, Glas CAW, Dijkgraaf MGW, Vermeulen M, de Haan RJ, et al. The Academic Medical Center 

 Linear Disability Score (ALDS) item bank: item response theory analysis in a mixed patient population. 

 Health Qual Life Outcomes. 2005;3(83). 

(16)  Holman R, Glas CAW, Lindeboom R, Zwinderman AH, Haan de RJ. Practical methods for dealing with ‘not applicable’  

 item responses in the AMC Linear Disability Score project. Health Qual Life Outcomes. 2004;2(29). 

(17) Holman R, Lindeboom R, Haan de R. Gender and age based differential item functioning in the AMC linear disability 

 score project. Quality of life newsletter. 2004;32(spring 2004):1-4.

(18) Holman R, Glas CA, de Haan RJ. Power analysis in randomized clinical trials based on item response theory. 

 Control Clin Trials. 2003;24(4):390-410.

(19)  Prevoo ML, van ‘t Hof MA, Kuper HH, van Leeuwen MA, van de Putte LB, van Riel PL. Modified disease activity scores

 that include twenty-eight-joint counts. Development and validation in a prospective longitudinal study of patients 

 with rheumatoid arthritis. Arthritis Rheum. 1995;38(1):44-48.

(20)  Siegert CE, Vleming LJ, Vandenbroucke JP, Cats A. Measurement of disability in Dutch rheumatoid arthritis patients. 

 Clin Rheumatol. 1984;3(3):305-309.

(21)  Lindeboom R, Vermeulen M, Holman R, de Haan RJ. Activities of daily living instruments: optimizing scales for 

 neurologic assessments. Neurology. 2003;60(5):738-742.

(22)  Cronbach LJ. Coefficient alpha and the internal structure of tests. Psychometrika. 1951;16:297-334.

(23)  Nunnally J. Psychometric Theory. 2nd ed. New York: McGraw-Hill; 1978.

(24)  Wolfe F, Michaud K, Strand V. Expanding the definition of clinical differences: from minimally clinically important differences  

 to really important differences. Analyses in 8931 patients with rheumatoid arthritis. J Rheumatol. 2005;32(4):583-589.

When validating this item bank in an RA population we were well aware that a new instrument would 

only be interesting if it were able to rise above the qualities of the HAQ-DI, which has almost become 

a ‘gold standard’. The ALDS has at least equivalent metric properties combined with attractive new 

and relevant features, for example, improving the clinical interpretation of scores and possibility to 

shorten the instrument. An advantage of the HAQ-DI is the availability of the questionnaire in several 

languages. The ALDS is still under development and investigation of its psychometric properties 

is continuing. At present versions in English and Dutch are available; French, Italian and Spanish 

versions are in the process of validation.

The ALDS is an interesting new instrument that is a simple to use for assessing the level of disability 

in patients with RA. It has been suggested that a new questionnaire should not only be shorter, 

and better on a theoretical basis, but it must also have psychometric properties at least as good as 

the original HAQ-DI.33 Our results show that use of different subsets of items from the ALDS item 

bank offers equivalent psychometric properties compared to the HAQ-DI. This initial study on the 

use of the ALDS in RA provides the basis for further testing. However, two advantages of the ALDS 

item bank compared to the original HAQ-DI are its linearity and that an IRT item bank can be used 

adaptively and will form a good foundation for computer adaptive testing, where the difficulty level 

is automatically adapted per question depending on the individual patient’s ability to perform the 

requested activity.
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known.10-12 Since IRT centers on the measurement properties of individual items, rather than the 

instrument as a whole, it is not essential for all respondents to be examined using all items when 

using an item bank. It is possible to select items for individual patients using small sets of items 

tailored to the disability level of the patients.13 This can reduce the burden of testing considerably 

for both patients and researchers. Examples of other disability item banks are developed by Haley 

et al.14 and Ware et al.15

Using modern clinimetric methods based on IRT11 we developed a linear outcome scale which can 

be used in both mildly and severely affected patients.8,16,17 The AMC Linear Disability Score (ALDS) 

is a generic, non-disease-specific item bank consisting of 77 ADL items hierarchically ordered from 

simple to complex. By using a small number of items, tailored to the ADL level of patients, a suf-

ficiently detailed clinical picture can be obtained. Even if different sets of items are used for different 

groups of patients, ALDS scores can still be compared within or between medical specialties. 

Assessment of early signs of disability becomes increasingly important in the context of current 

research on neuroprotection and symptomatic treatment in PD.18 The objective of this study was 

therefore to examine the clinimetric properties of the ALDS item bank in patients with newly diag-

nosed PD in terms of internal consistency reliability, validity and the presence of a ceiling effect. 

In line with this objective and in agreement with our previous studies,19,20 we hypothesized that 

the ALDS 1) has an internal consistency reliability exceeding the 0.80 coefficient alpha value, 2) 

is moderately correlated with other disability measures and lower correlated with instruments that 

measure other aspects of health, 3) is able to distinguish between clinical different groups, and 4) 

shows less of a ceiling effect compared to the often used S&E index.

Methods

Subjects 

The study sample comprised 133 consecutive patients with newly diagnosed PD, recruited from 

the neurology outpatient clinics of six general hospitals in the Netherlands (Meander Medical Center 

Amersfoort, Medical Center Alkmaar, Academic Medical Center Amsterdam, St. Lucas-Andreas 

Hospital Amsterdam, Slotervaart Hospital Amsterdam, and OLVG Amsterdam) between July 2002 

and March 2005. ALDS data from 132 patients was available and used for analysis. The clinical 

diagnosis of PD was based on internationally accepted diagnostic criteria.21 Patients were excluded 

if they were aged 85 years or older, had insufficient proficiency in the Dutch language, or had a so-

matic illness and a life expectancy of less than a year. The patients in this study were participants in 

a longitudinal research project investigating the course of functional status and its determinants in 

PD. The data presented here were obtained at the baseline assessment. Written informed consent 

Abstract

Objective: The aim of this study was to examine the clinimetric properties of the AMC Linear Disa-

bility Score (ALDS), a new generic disability measure based on item response theory, in patients with 

newly diagnosed Parkinson disease (PD). 

Methods: A sample of 132 patients with PD was evaluated using the Hoehn and Yahr (H&Y), the 

Unified PD Rating Scale motor examination, the Schwab and England scale (S&E), the Short-Form-

36, the PD Quality of Life Questionnaire, and the ALDS. 

Results: The internal consistency reliability of the ALDS was good (a = 0.95) with 55 items extending 

the sufficient item-total correlation criterion (r > 0.20). The ALDS was correlated with other disability 

measures (r = 0.50 to 0.63) and decreasingly associated with measures reflecting impairments (r = 

0.36 to 0.37) and mental health (r = 0.23 to -0.01). With regard to known-group validity, the ALDS 

indicated that patients with more severe PD (H&Y stage 3) were more disabled than patients with 

mild (H&Y stage 1) or moderate PD (H&Y stage 2) (p < 0.0001). The ALDS discriminated between 

more or less severe extrapyramidal symptoms (p = 0.001) and patients with postural instability sho-

wed lower ALDS scores compared to patients without postural instability (p < 0.0001). Compared 

to the S&E (score 100% = 19%), the ALDS showed less of a ceiling effect (5%). 

Conclusion: The AMC Linear Disability Score is a flexible, feasible and clinimetrically promising 

instrument to assess the level of disability in patients with newly diagnosed Parkinson disease.

Introduction

The impact of a disease on a patient’s level of activities of daily living (ADL) is generally considered as an 

important outcome measure in clinical studies.1 This is not different in patients with Parkinson disease 

(PD).2,3 Frequently used (disease-specific) disability scales, such as the ADL part of the Unified PD Rating 

Scale (UPDRS-ADL),4 are sum score-based. Consequently, all items have to be presented to all patients 

irrespective of their level of disability, which means that able patients as well as more disabled patients 

will be presented the same items, which may leads to ceiling and floor effects.5-7 Another disadvantage 

is that each scale contains different items, response options, and scoring rules, which hinder direct com-

parisons of interventions.8 An alternative approach is the use of ordinal indexes, such as the Schwab and 

England ADL scale (S&E),9 which are less sensitive for subtle changes in a patient’s condition. 

Currently, interest is moving towards the more flexible framework offered by item response theory 

(IRT). An item bank is a collection of items, for which the measurement properties of each item are 
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(7 items), and emotional function (PDQL EF) (9 items: score range 9 to 45). The items are scored on 

a five-point Likert scale (score range 37 to185). Higher scores indicate a better quality of life. 

We consider the S&E and the SF-36 PF as disability measures, the SF-36 PCS as a generic ‘per-

ceived’ functional status measure, and the SF-36 MCS and the PDQL EF as instruments focusing 

on the psychological aspects of quality of life. 

AMC Linear Disability item bank

The ALDS item bank was developed to quantify functional status in terms of the ability to perform 

ADL using an IRT framework.16 The items were obtained from a systematic review of generic and 

disease specific functional health instruments.8 Both the item difficulty and the patient’s ability are 

arranged on a single hierarchical linear scale. The current version of the item bank consists of 77 

items, ranging from relatively easy to difficult19 (see Appendix 3 for further details). Researchers can 

use their clinical judgment to select items from the item bank that are applicable to the population 

they are investigating. This flexible approach results in a range of individual constructed scales spe-

cifically target to the patient’s ability level. Hence, these tailored scales may be quite different from 

even patient to patient, but all assess the construct of interest because the items are all selected 

from an item bank which has previously been calibrated.13 Consequently, items which have a similar 

difficulty grade are interchangeable and can be used to assemble scales with items that may be of 

interest for different patient groups.  In this way the item bank can be used to assess patients with a 

wide range of conditions and levels of functional status, without putting undue strain on them. The 

methodology16 (see also Appendix 2 for further details), the psychometrics of the ALDS in terms 

of dealing with missing data,20 differences between item measurement characteristics of the item 

bank in relation to age and sex,26 and the metric properties of ALDS items in mixed types of patient 

groups,19 as well as the statistical power to detect given effect sizes in clinical trials using IRT out-

come scales,27 have been examined in depth.

In this study, depending on his or her ability level, each patient was assessed with a number of the 

77 items in the current version of the item bank (ranging from 7 to 43 items per patient; 35 items on 

average in the present study) to estimate his or her functional status. Beforehand different item sets 

were composed by two of the authors (NW, RdH). If only limited information was available on the 

ability status of the patient a selection of items covering the whole range of the item bank was pre-

sented. Mildly disabled patients were presented with more difficult items because those were likely 

to provide more information. On the other hand, more easier items lower up the scale were presen-

ted to more disabled patients. Some patients were assessed with only 7 items because there were 

no remaining items that should have given additional information to the estimation of the patient’s 

disability level (patients at the ceiling or the floor of the distribution). The items were administered 

by trained nurses and had two response options: ‘I can carry out the activity’ and ‘I cannot carry 

was obtained from all subjects after the nature of the study had been fully explained. The study was 

approved by the local ethics committees of the participating hospitals. 

Procedure

Neurological examination of all patients was performed to confirm the diagnosis of PD. Information 

about demographic characteristics, duration of the disease (time between the appearance of the 

first symptom of PD as reported by the patient and the moment of assessment), initial symptoms 

and side of onset of disease, medication and response to levodopa (L-dopa) therapy was obtained 

with a semi-structured interview. As this was a cohort of newly diagnosed patients without ‘on’-‘off’ 

response fluctuation it was not necessary to perform a standardized ‘on’-‘off’ scoring.

The severity of extrapyramidal symptoms was rated using the motor examination part of the UPDRS 

(UPDRS-ME).4 The stage of disease was determined with the Hoehn and Yahr staging scale (H&Y).22 

Functional status (disability and quality of life) was evaluated using the S&E,9 the Medical Outcome 

Study 36-Item Short-Form General Health Survey (SF-36),23 the PD Quality of Life Questionnaire 

(PDQL),24 and the ALDS.

Motor impairment assessment

The UPDRS consists of four components: 1) mentation, behavior, and mood; 2) activities of daily 

living; 3) motor examination; 4) complications of therapy.25 The UPDRS-ME quantifies type, number, 

and severity of extrapyramidal signs. For each sign a five-step severity gradation is used, with zero 

representing absence and four representing the maximum severity of that sign. The total number 

of items is 27 with total scores ranging from 0 to 108. The H&Y is the standard disease-staging 

index for PD and consists of five levels: 1) unilateral symptoms only; 2) bilateral symptoms, without 

balance impairment; 3) bilateral symptoms with definite impairment of postural reflexes; 4) severe 

disability, but still able to walk or stand unassisted; 5) wheelchair-bound or bedridden. 

Disability and quality of life

The S&E was specifically designed for patients with PD and reflects the patient’s ability to perform 

daily activities in terms of speed and independence. ADL ability is measured on an 11-point scale 

ranging from 0% (vegetative function) to 100% (complete independence). The SF-36 consists of 

eight health concepts: physical functioning (SF-36 PF), role-physical, bodily pain, general health, vi-

tality, social functioning, role-emotional and mental health. The eight scales define two distinct com-

ponents: the physical component score (SF-36 PCS) (SF-36 PF, role limitations caused by physical 

problems, bodily pain, general health) and the mental component score (SF-36 MCS) (vitality, social 

functioning, role limitations caused by emotional problems and mental health). Each dimension is 

scored from 0 to 100. A high score suggests good health. The PDQL consists of total score and 

four subsections: parkinsonian symptoms (14 items), systemic symptoms (7 items), social function 

The ALDS in patients with newly diagnosed Parkinson disease 
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TESTFACT.31 Item-total correlations, as well as the associations between the ALDS scores and the other 

measures, were expressed in Pearson (r) or Spearman correlation coefficients (rs), when appropriate. 

Normality tests showed a normal distribution of the ALDS. Therefore, the data was analyzed using 

parametric statistics. Differences between mean ALDS scores (with 95% CI) were analyzed using 

an independent t test or one-way analysis of variance (ANOVA), including post hoc Tukey HSD tests 

(significance level 0.05). The concerning effect size for ANOVA main effect result was expressed in 

Cohen f and for the independent t test in Cohen d. The original ALDS logits were used in all analyses 

but for the sake of clarity only the linearly transformed ALDS scores (0 to 100) are presented.

Results

The study included 132 patients with newly diagnosed PD, 74 (56%) of whom were men. The mean 

age of onset of symptoms was 65 (SD ± 10.4); the patients’ mean age at examination was 66.7 (SD 

± 10.4 years). Mean disease duration at examination was 19.9 (SD ± 11.2 months). Eighty-four (64%) 

patients were taking L-dopa. Further clinical characteristics of the sample are shown in Table 1. 

out the activity’. Participants were asked to indicate whether they could perform the activities now 

in the same way that they would at home or in the location where they were residing. If an activity 

had never before been performed by a patient (e.g., ‘travel by local bus or tram’), or the patients’ 

response was ‘I do not know’, ‘not applicable’ was recorded. 

The original units of the ALDS scale are (logistic) regression coefficients, expressed in logits (see 

Appendix 3). To make the results easier to interpret, the logit scores are linearly transformed (the 

interval level stays preserved) into values between 0 (dead) and 100. The value 1 represents the 

lowest level and the value 100 the highest level of functional status possible. 

Clinimetric evaluation

The clinimetric properties of the ALDS were studied in terms of internal consistency reliability, vali-

dity, and the presence of a ceiling effect. Internal consistency refers to the statistical coherence of 

the scale items. One measure of internal consistency is the Cronbach a coefficient,28 based on the 

(weighted) average correlation of items within a scale. Internal consistency is considered to be good 

if a ≥ 0.80.29 We also calculated item-total correlations, which represent the correlation of a single 

item with the sum of all other items. Correlations ≥ 0.20 were considered to be sufficient.30 

With regard to the validity of the ALDS we focused on both its construct validity and clinical validity (also 

known as known-groups validity). Construct validity was assessed by measuring the extent to which the 

ALDS correlates with measures (S&E, SF-36 PF, SF-36 PCS) that address the same concept and mea-

sures (H&Y, UPDRS-ME, SF-36 MCS, PDQL EF) that address conceptually different aspects of health. 

We assumed that in order for the ALDS to be valid, the ALDS scores had to show a decreasing pattern 

of associations, with higher correlations with the other disability-oriented scale scores, intermediate cor-

relations with neurological impairments, and lower correlations with the psychological aspects of quality 

of life. A scale demonstrates clinical validity if it discriminates between groups of patients with known 

differences in clinical status, in this case disease severity based on the H&Y, severity of extrapyramidal 

symptoms based on the UPDRS-ME and the presence of postural instability (item 30). Absence of pos-

ture instability was defined as score 0 (Normal), a score ≥ 1 (1 = retropulsion; 2 = absence of postural 

response) was defined as postural instability. With regard to a ceiling effect, the percentage of patients 

that reached a maximum score on the S&E and ALDS was presented. 

Statistical analysis 

Patient characteristics, outcome scores, and ceiling effects were analyzed using descriptive statistics. 

Scores on the ALDS instrument were calculated using previously published item properties19 and algo-

rithms implemented in BILOG-MG31 and SPSS. ALDS items that a patient had not responded to or had 

answered not applicable were treated as if they had not been offered to that patient.20 Values of Cron-

bach a were obtained using an IRT method that allows for missing item responses28,32 implemented in 

Table 1.        Clinical characteristics of the 132 patients with newly diagnosed PD. 

Clinical variables    Total (n = 132)

Gender (men) (%)    74 (56%)
Age at onset of symptoms, mean y (SD; range)   65 (10.4; 30.9-83.5)
Age at Diagnosis of PD, mean y (SD; range)   66.3 (10.4; 32-84.6)
Age at examination, mean y (SD; range)    66.7 (10.4; 32.4-84.9)
Duration of symptoms at examination, mean mo (SD; range) 19.9 (11.2; 4.7-83.9)
Symptoms at start of the disease (%) 
 Tremor    60 (45%)
 Bradykinesia/Rigidity    61 (46%)
 Tremor/Bradykinesia/Rigidity    11 (8%)
Side of symptom onset*  
 Unilateral (R+L)    98 (48+50)
 Two sides asymmetric    13
 Two sides symmetric    19
Receiving dopaminergic therapy (%)    84 (64%)
LED when receiving dopaminergic therapy, mean (SD, range) 152 (148; 0-600)
Sum score UPDRS-ME, mean (SD, range)   17.5 (8.2; 5-40)
H&Y score (%)  
 1    47 (36%)
 1.5    7 (5%)
 2    40 (30%)
 2.5    22 (17%)
 3    16 (12%)
 4    0
 5    0

*Side of symptom onset is missing for 2 patients.
PD = Parkinson disease; LED = Levodopa equivalent dose; UPDRS-ME = Unified PD Rating Scale motor 
examination; H&Y = Hoehn and Yahr.
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With regard to the clinical (known-group) validity (Table 3), ALDS scores registered an associa-

tion between the severity of PD as determined by H&Y classification and impaired disability status 

(one-way ANOVA; F = 12.06, p < 0.0001; Cohen f = 0.60). Patients with H&Y stage 3 had lower 

ALDS scores compared to H&Y stage 2 (Tukey HSD; p < 0.0001) and H&Y stage 1 (Tukey HSD; 

The internal consistency reliability of the ALDS was good (Cronbach a = 0.95). Of the 77 items, 55 

items showed item-total correlations with values ranging from r = 0.20 to r = 0.68, all exceeding 

the ≥ 0.20 standard. Sixteen items had no score variation; consequently, no correlations could be 

calculated, (e.g., take off a T-shirt), whereas five items showed item-total correlations < 0.20 (range 

-0.03 to 0.19). 

Table 2 presents the descriptive statistics of the instruments and the correlation coefficients between 

the ALDS and the other scales. The highest associations occurred between the ALDS and other 

disability measures: S&E (rs = 0.50), SF-36 PF (r = 0.63) and SF-36 PCS (r = 0.55). Additionally, the 

ALDS showed a decreasing pattern of associations between the scales measuring neurological im-

pairments (H&Y; r = -0.36, UPDRS-ME; r = -0.37) and mental health (SF-36 MCS; r = -0.01, PDQL 

EF; rs = 0.23). 

Table 2.       Descriptives statistics of the instruments and correlations between 

       the ALDS and other Parkinson disease measures. 

  S&E  SF-36 PF SF-36 PCS H&Y UPDRS-ME SF-36 MCS PDQL EF

  (n=132) (n=130)  (n=122) (n=132) (n=132)  (n=122) (n=123)

  90 (60 – 100) 66.1 (± 24.1) 43.7(± 10.1) 2 (1-3) 17.5 (± 8.2) 44.5 (± 12) 35.9 (± 5.9)

ALDS 82.7 (± 8.67) 0.50  0.63 0.55 -0.36* -0.37* -0.01† 0.23 

Score values are mean (± SD), except for the S&E and the H&Y, which are presented in median and range; cor-
relation values are Pearson correlation coefficient and calculated with the ALDS logits, with the exception of the 
association between the S&E and the H&Y, which are expressed in Spearman correlation coefficient.
*Since higher H&Y and UPDRS-ME scores indicate more neurological deficits, signs of the coefficients are the 
opposite of those of other scales.
†All correlation coefficients are significant at the 0.01 level, except for the correlation with SF36 MCS (p = 0.94).
ALDS = AMC Linear Disability Score; S&E = Schwab and Engeland scale; SF = Short-Form; H&Y = Hoehn and 
Yahr; UPDRS-ME = Unified PD Rating Scale motor examination; PDQL = PD Quality of Life Questionnaire.

p < 0.0001). However, the ALDS scores were not different between H&Y stage 1 and stage 2 

(Tukey HSD; p = 0.36). The score distributions of the ALDS reflect that patients with more severe 

extrapyramidal symptoms (UPDRS-ME ≥ 15.5) were more disabled (independent t test; t = 3.53, 

p = 0.001; Cohen d = 0.62) than patients with less severe extrapyramidal symptoms (UPDSR-ME 

< 15.5).  Additionally, the ALDS showed an association between postural (in)stability and disability 

level (independent t test; t = 4.30, p < 0.0001; Cohen d = 0.65).

Six patients (5%) had a maximum ALDS score; the percentage of patients scoring at the ceiling of 

the S&E (score = 100%) was substantially higher (19%). Figure 1 presents the measurement range 

of the ALDS items in case of a maximum S&E (100% score). These less disabled patients could still 

be differentiated with seven ALDS items, ranging from walking in the woods to heavy household 

tasks. 

Table 3.       Score distributions of the ALDS between groups of patients with known  

       differences in clinical status: Clinical validity.

  n ALDS p Value  Effect size

H&Y    < 0.0001 0.60

 Stage 1 (mild) 54 84.6 (± 6.2; 83.0 – 86.3)

 Stage 2 (moderate) 62 83.1 (± 9.5; 80.7 – 85.4)

 Stage 3 (severe) 16 75.2 (± 8.9; 70.5 – 79.6) 

UPDRS-ME*   0.001  0.62

 < 15.5 66 84.8 (± 8.2; 82.8 - 86.7)

 ≥ 15.5 66 80.7 (± 8.7; 78.6 - 82.8)

Posture (item 30) †   < 0.0001 0.65

 Score 0 92 84.6 (± 5.2; 83.6 – 85.7)

 Score ≥ 1 40 78.3 (± 12.6; 74.9 – 81.6)

Score distributions are presented in mean (± SD; 95% CI); differences in mean logit scores are calculated using 
one-way analysis of variance (ANOVA) (H&Y), and an independent t test (UPDRS-ME, posture item 30). Effect 
size for ANOVA was expressed in Cohen f, for the independent t test in Cohen d.
*UPDRS-ME was dichotomized on base of the median value of the scores.
†Score range of item 30 was 0 to 2; 0 = normal; 1 = retropulsion; 2 = absence of postural response. 
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be omitted from the ALDS. First, these items have psychometric qualities,19 and second, an as-

sessment of those items could provide useful clinical information in more disabled patients with PD. 

However, we advise not to apply those items in a newly diagnosed PD patient group. 

The correlations between the ALDS on the one hand and the S&E and physical aspects of the SF-

36 on the other indicate that these scales largely focus on the same construct, which is disability. 

The decreasing correlation between the ALDS and measures of neurological disturbances and psy-

chological well-being demonstrates the ALDS is less focused on conceptually different aspects of 

health in terms of impairments or quality of life. 

Our findings that the ALDS scores differentiate between moderate and severe patients as well as 

more or less extrapyramidal symptoms indicate that the ALDS is sufficiently sensitive to distinguish 

different patient groups. However, between mild and moderate patients, we did not find differences 

in ALDS scores. This can be due to the reason that impairments in early PD (H&Y stage 1 and 2) 

leads to no or subtle differences in disability. Moreover, patients with postural instability showed 

significantly lower ALDS scores compared to patients without postural instability.

By administering the ALDS only those items relevant to a person’ disability status is used, thereby 

reducing patient burden in time and effort. The ALDS will form a good foundation for a computerized 

adaptive testing procedure, allowing for shorter questionnaires where the difficulty level is automa-

tically adapted per question depending on the individual patient’s ability to perform the questioned 

activity.33 Obviously, this is an initial study on the use of the ALDS in PD which provides the basis 

for further testing.

A limitation of our study is that we did not compare the ALDS with the currently most widely used 

UPDRS Activities of Daily Living (UPDRS-ADL) score.34 The patients in this study were participants 

in a longitudinal research project investigating the course of functional status and its determinants in 

PD. Unfortunately, this study did not include the evaluation of functional status by this scale. 

In our inception cohort of newly diagnosed patients severe disease stages (H&Y 4 and 5) have not 

been represented. We showed in our study that the ALDS, compared to the S&E, had a smaller 

amount of ceiling effect. For example, patients with an S&E score of 100% can still be differentiated 

by ALDS items. However, potential floor effects should be investigated in future research.

Investigating the clinimetric properties of a scale is an ongoing process. The present study is a first 

step in the validation process of the ALDS in PD patients. Further studies are needed to investigate 

whether the ALDS provides consistent scores over time and between observers (test-retest, inter/

intra-rater reliability), to compare the ALDS with the UPDRS-ADL, to follow patients who reflect the 

Discussion

In this study we expanded the psychometric evaluations of the ALDS8,16,17,19,20,26,27 to patients with 

early PD. We showed the ALDS has promising clinimetric properties in terms of internal consistency 

reliability, construct and clinical validity, and absence of ceiling effects.

The internal consistency of the ALDS was high (Cronbach a = 0.95). Though Cronbach alpha is 

a well-established measure of internal consistency, it is dependent also on the number of items 

in the scale. In this study 35 items were assessed at average. Therefore, the high alpha must be 

interpreted with certain caution. Nevertheless, 70% of the ALDS items exceeded the item-total cor-

relation standard of 0.20 reflecting good internal consistency as well. Six percent of the items were 

below the required level. No item-total correlations could be calculated in 20% of the items. These 

were 16 items mainly at the lower end of the scale. All patients were able to perform those items 

and indicate the high ability level of the PD patients studied. This does not mean that they should 

Figure 1.      Measurement range of AMC Linear Disability Score items in patients 

       with a maximum Schwab and England score 100% (n=25).

Carry a bag of shoppings upstairs

Travel by local bus or tram

Go to a restaurant

Go for a short walk

Pick something up from the floor

Get in and out of a car

Move between 2 dining chairs

Wash lower body

Put on and take off a T-shirt



74 75

The ALDS in patients with newly diagnosed Parkinson disease Chapter 5: part 1

(12) McHorney CA. Ten Recommendations for Advancing Patient-Centered Outcomes Measurement for Older Persons. 

 Ann Intern Med. 2003;139(5_Part_2):403-409.

(13) Revicki DA, Cella DF. Health status assessment for the twenty-first century: item response theory, item banking and 

 computer adaptive testing. Qual Life Res. 1997;6(6): 595-600. 

(14) Haley SM, Pengsheng NI, Hambleton RK, Slavin MD, Jette AM. Computer adaptive testing improved accuracy and 

 precision of scores over random item selection in a physical functioning item bank. J Clin Epidemiol. 2006;59:1174-1182

(15) Ware J Jr., Sinclair S, Gandek B, Bjorner B. Item response theory in computer adaptive testing: implications for 

 outcomes measurement in rehabilitation. Rehabil Psychol. 2005;50:71–78. 

(16) Holman R, Lindeboom R, Glas CAW, Vermeulen M, de Haan RJ. Constructing an item bank using item response theory;  

 The AMC Linear Disability Score Project. Health Serv Outcomes Res Methodol. 2003;4:19-33.

(17) de Haan RJ, Vermeulen M, Holman R, Lindeboom R. Measuring the functional status of patients in clinical trials using  

 modern clinimetric methods[in Dutch]. Ned Tijdschr Geneeskd. 2002;146(13):606-611.

(18) Marres C, Lang AE. Outcome measures for clinical trials in Parkinson’s disease: achievements and shortcomings. 

 Expert Rev Neurother. 2004;4(6):985-93.

(19) Holman R, Weisscher N, Glas CAW, et al. The Academic Medical Center Linear Disability Score (ALDS) item bank: 

 item response theory analysis in a mixed patient population. Health Qual Life Outcomes. 2005;3(83)

(20) Holman R, Glas CAW, Lindeboom R, Zwinderman AH, de Haan RJ. Practical methods for dealing with ‘not applicable’  

 item responses in the AMC Linear Disability Score project. Health Qual Life Outcomes. 2004;2(29). 

(21) Gelb DJ, Oliver E, Gilman S. Diagnostic criteria for Parkinson disease. Arch Neurol. 1999;56(1):33-39.

(22) Hoehn MM, Yahr MD. Parkinsonism: onset, progression, and mortality.1967. Neurology. 2001;57(10 Suppl 3):S11-S26.

(23) Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and 

 item selection. Med Care. 1992;30(6):473-483.

(24) de Boer AG, Wijker W, Speelman JD, de Haes JC. Quality of life in patients with Parkinson’s disease: development of 

 a questionnaire. J Neurol Neurosurg Psychiatry. 1996;61(1):70-74.

(25) Fahn S, Elton RL, Members of the UPDRS Development Committee. Unified Parkinson’s Disease Rating Scale. In: 

 Fahn S, Marsden CD, Calne DB, editors. Recent developments in Parkinson’s disease. Florham Park, NJ: 

 Macmillan Healthcare Information; 1987.153-163, 293-304.

(26) Holman R, Lindeboom R, de Haan RJ. Gender and age based differential item functioning in the AMC linear disability 

 score project. Quality of life newsletter. 2004;32(spring 2004):1-4.

(27) Holman R, Glas CA, de Haan RJ. Power analysis in randomized clinical trials based on item response theory. 

 Control Clin Trials. 2003;24(4):390-410.

(28) Cronbach LJ. Coefficient alpha and the internal structure of tests. Psychometrika. 1951;16:297-334.

whole severity spectrum of the disease, and to examine the responsiveness of the ALDS to measure 

changes in disability over time. Although, good responsiveness is likely due to the scale’ linearity, 

its absence of ceiling effects, and its flexibility to choose between a wide range of patient tailored 

items.

 

The ALDS is a new, generic, non-disease-specific scale consisting of 77 ADL items. Our data shows 

that the ALDS has good internal consistency reliability, did not demonstrate a ceiling effect and 

indicate good construct and clinical validity in patients with newly diagnosed PD. Currently, we are 

extending the psychometric properties of the item bank to a variety of other neurological diseases 

and by calibrating more items especially at the floor and the ceiling of the item bank. 
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ALDS scores compared to H&Y stage 2 (Tukey HSD; p < 0.0001). However, UPDRS-ADL scores 

were not significantly different (Tukey HSD; p = 0.59). Score distributions of the UPDRS-ADL and 

ALDS reflect that patients with severe extrapyramidal symptoms and patients with postural instabi-

lity were more disabled than patients with opposite characteristics.

Discussion

In this analysis we compared the ALDS item bank with the ‘gold standard’ UPDRS-ADL. The cor-

relation between the disability scale scores was relatively lower than one might expect, since the 

two scales intend to measure the same concept: ADL. This moderate association can be explained 

by the item content of the UPDRS-ADL which reflects aspects of both ADL and neurological im-

pairments (tremor, salivation, and freezing).5 In general, the ALDS and the UPDRS-ADL were able 

to detect differences in disease severities. Probably due to insufficient statistical power both scales 

Introduction

The most widely used scale to assess disability in patients with Parkinson disease (PD) is the Acti-

vities of Daily Living part of the Unified Parkinson’s Disease Rating Scale (UPDRS-ADL).1 Recently 

we examined the clinimetric properties of the AMC Linear Disability Score (ALDS), a generic disa-

bility measure based on item response theory (IRT), in newly diagnosed PD patients. We showed 

the ALDS has promising clinimetric properties in terms of internal consistency reliability, construct 

and clinical validity, and absence of ceiling effects.2 At that time no data was available to compare 

the item bank with the ‘gold standard’ UPDRS-ADL. Here we present current results regarding the 

construct and clinical (known-group) validity for both scales.

Methods

The study sample has been described in depth.2 In short, the sample comprised 70 patients with 

newly diagnosed PD who were participants in a longitudinal research project investigating the course 

of functional status and its determinants in PD. The clinical diagnosis of PD was based on internatio-

nally accepted diagnostic criteria3 The data presented here were obtained at three year follow-up. 

Subsequently to the disability status assessed by the UPDRS-ADL (range 0-52, lower scores indi-

cating less disability) and ALDS (range 0-100, lower scores indicating more disability), the severity of 

extrapyramidal symptoms was rated using the motor examination part of the UPDRS (UPDRS-ME).1 

Disease stage was determined with the Hoehn and Yahr staging scale (H&Y; range 1-5).4 

Results

Thirty eight (54%) patients were male, mean age at onset of symptoms was 65 (SD ± 10.5 years), 

mean age at examination was 69 (SD ± 10.5 years), and mean disease duration at examination was 

56 (SD ± 10.3 months). The disease started with bradykinesia / rigidity symptoms in 35 of the pa-

tients, with tremor in 27 patients and in 8 patients with all three symptoms. Median H&Y score was 

2.5 (range 1-5) and the mean UPDRS-ME score was 25.1 (SD ± 10).  The mean disability scores on 

the UPDRS-ADL score was 10.8 (SD ± 6.9) and on the ALDS 75.2 (SD ± 19.9). 

The UPDRS-ADL and ALDS showed moderate construct validity (r = -0.62). With regard to the 

clinical validity, the disability scales significantly discriminate between the severity levels of PD as 

measured with the H&Y (Table). Both disability scores were not different between H&Y stage 1 and 

stage 2 (Tukey HSD; UPDRS-ADL, p = 0.14; ALDS, p = 0.84). Patients with H&Y stage 3 had lower 

Table           Score distributions of the ALDS between groups of patients with known  

       differences in clinical status: Clinical validity.

  n ALDS p-value  UPDRS-ADL p-value 

H&Y 

 Stage 1  3 89 (± 0.5)*    2 (± 2.6)*

 Stage 2  32 85.6 (± 6.1)    8.4 (± 5.3)*

 Stage 3  17 69 (± 19)    10.2 (± 4.5)  

 Stage 4  6 41.2 (± 19.2)    19.2 (± 3.7) 

 Stage 5 1 12    36 

UPDRS-ME †

 < 25.1 30 84.7 (± 6.6)    7 (± 4.2)

 ≥ 25.1 31 70.1 (± 20.6)    12.8 (± 6.4)  

Posture (item 30) ‡

 Score 0 18 87.5 (± 3.1)    5.9 (± 4.2)

 Score ≥ 1 46 70.7 (± 22.1)    12.3 (± 6.9) 

Score distributions are presented in mean (± SD); differences in mean disability scores were calculated using 
One-Way ANOVA (H&Y) and an independent t-test (UPDRS-ME, posture item 30). 
*All post-hoc Tukey HSD tests for the ALDS and UPDRS-ADL score between the H&Y stages were significantly 
different (p <0.05), except between stage 1 and 2 for the ALDS (p = 0.84) and UPDRS-ADL (p = 0.14), and 
between stage 2 and 3 for the UPDSR-ADL (p = 0.59).
†UPDRS-ME was dichotomized on base of the mean value of the scores.
‡Score range of item 30 was 0 – 4; 0 = Normal; 1 = Retropulsion; 2 = Absence of postural response; 3 = Very 
unstable; 4 = Unable to stand without assistance. 
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could not discriminate between H&Y grading 1 and 2. In contrast to the UPDRS-ADL, the ALDS 

turned out to be sufficiently sensitive to discriminate between H&Y stages 2 and 3.

The ALDS item bank is constructed using the modern psychometric technique of IRT. An impor-

tant advantage of this approach is that when assessing the ability to perform ADL, it is possible 

to present more difficult items to less disabled patients and easy items to more severely disabled 

patients, while the scores obtained remain comparable across the whole patient group.6 Combined 

with other attractive features, for example improving the clinical interpretation of scores and the 

possibility to use computer adaptive testing, the ALDS is a promising new instrument to assess the 

level of disability in patients with PD. 
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To address the problems regarding floor and ceiling effects, ordinal character of sum scores and clini-

cal sensitivity in general, item response theory (IRT) was proposed as an alternative to the use of sum-

mated scores or indexes.15 In conjunction with IRT it is possible to develop an item bank; a collection 

of items, for which the measurement properties of each item are known. Using IRT we developed a 

linear, generic, non-disease specific outcome scale which can be used in both mildly and in severely 

affected patients.16,17 The AMC Linear Disability Score (ALDS) is an item bank consisting of a large 

number of ADL items hierarchically ordered from simple (‘put on a T-shirt’) to complex (‘carry a shop-

ping bag upstairs’). A major strength of an item bank is its adaptive use. By using a small number of 

items, tailored to the ADL level of patients, a sufficiently detailed clinical picture can be obtained. Even 

if different sets of items are used for different patient groups, ALDS scores still can be compared within 

or between medical specialties. The current version of the ALDS item bank consists of 77 items.18  The 

objective of this study was to examine the reliability and validity of the ALDS item bank in stroke, and 

to compare the ALDS with the BI and mRs in terms of responsiveness and floor and ceiling effects.

Materials and Methods

Subjects

A total of 213 consecutive patients were included in this study who were treated at the stroke unit of 

the Academic Medical Center, Amsterdam, the Netherlands between January 2004 and May 2005. 

All patients had a confirmed stroke, defined as a rapid onset neurological deficit reflecting a focal 

disturbance of cerebral function of vascular origin, persisting for > 24 hours. Stroke was diagnosed 

by clinical assessment and by a CT/MRI scan. Both first and recurrent strokes were included.

Procedure 

Baseline assessments included stroke severity by the NIH Stroke Scale (NIHSS),19 and stroke type 

(ischemic or hemorrhagic). Ischemic stroke was categorized by the TOAST classification; large 

artery atherosclerosis, cardioembolism, small-artery occlusion, other or unusual causes, and unde-

termined etiology.20 Experienced neurologists were certified in the use of the NIHSS scale. One of 

the authors (NW), in cooperation with a physical therapist assessed patients’ functional ability using 

the BI, mRs and the ALDS within three days of admission and at discharge. Trained nurses evalua-

ted the mRs and ALDS by telephone 6 months post stroke. Patients who were not communicative 

because of severe speech, language or other cognitive disorders were rated by a proxy respondent, 

in the acute phase a nurse and after 6 months primarily the partner.

ALDS item bank 

The item bank was developed to quantify the ability to perform ADL using a two-parameter IRT 

framework.17 Both the item difficulty and the patient’s ability are arranged on a single hierarchical 

Abstract

Background and Purpose: The aim of this study was to examine the clinimetric properties of a 

new generic disability measure based on item response theory; the AMC Linear Disability Score 

(ALDS). 

Methods: A prospective cohort study; 213 stroke patients were evaluated using the NIH Stroke 

Scale (NIHSS), Barthel Index (BI), modified Rankin scale (mRs) and the ALDS at admission and 

discharge of a stroke unit, and after 6 months follow-up. 

Results: The internal consistency and test-retest reliability of the ALDS was good (range Cronbach 

a = 0.90 – 0.93; ICC = 0.85). The ALDS was highly correlated with other disability measures (range 

r = 0.75 to 0.89) and less with the NIHSS (r = 0.32). The mean ALDS scores were significantly 

different between stroke types (p = 0.008), and between mild, moderate or severe stroke (NIHSS; 

p < 0.001) at hospital admission. Disability level based on the ALDS improved significantly over time 

(p < 0.001), whereas the responsiveness of the ALDS was moderate to large (Cohen d effect size 

= 0.77 to 0.83). Distribution of the ALDS and BI scores for each mRs levels showed the increased 

sensitivity of the ALDS over the BI at the lower levels of disability.

Conclusion: The results of this study show that the use of different subsets of items from the ALDS 

item bank has good clinimetric properties across the entire continuum of stroke severity without 

floor or ceiling effects.

Introduction

Although most stroke intervention trials use disability outcome measures, several problems with the 

existing scales remain. None of the currently used instruments are sensitive across the entire con-

tinuum of stroke severity.1 Therefore, disability after stroke is hard to measure. The most common 

disability measure is the Barthel Index (BI),2 which has ceiling effects where patients with the best score 

may still have substantial disabilities.3 The BI is ordinal sum score-based, which means that it is only 

possible to ascertain whether there has been a change in functional status. Hence, a functional health 

change from 5 to 10 points is not the same as a change from 10 to 15.4,5 Another approach is using 

the modified Rankin scale (mRs),6,7 a global functional health index, in which each ranking describes 

a clearly defined clinical condition. In the acute setting, the mRs can have a floor effect,8 and scores 

are often dichotomized in clinical trials. A ‘good’ outcome defined as mRs grade ≤ 1 or grade ≤ 2 is 

estimated to be more powerful than dichotomization at higher grades.9-11 Concerns over dichotomized 

endpoints concentrates on the risk of failure to detect the impact of treatment.12-14 
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A scale demonstrates clinical validity if it discriminates between groups of patients with known dif-

ferences in clinical status. Group differences were determined by comparing the ALDS between 

stroke severity (NIHSS) and stroke type (ischemic or hemorrhagic) at admission. NIHSS were clas-

sified into mild (NIHSS 0 to 5), moderate (NIHSS 6 to 13), or severe (NIHSS ≥14) strokes. 

Responsiveness was investigated by calculating the Cohen’s d effect size (mean change in scores di-

vided by the standard deviation of the baseline scores)27 for the ALDS and BI between admission and 

discharge and additionally for the ALDS between discharge and 6 month follow-up. An effect size value 

between 0.50 and 0.80 is considered moderate, and ≥0.80 as high responsiveness.28 As Cohen’s d can-

not be calculated for ordinal scales with few categories, this effect size is not presented for the mRs. 

Statistical analysis 

Descriptive statistics were used to analyze demographics, stroke characteristics, NIHSS score, and 

disability status according to the BI, mRs and ALDS. Scores on the ALDS were calculated using 

previously published item parameters18 and algorithms implemented in BILOG-MG29 and SPSS 

12.0. ALDS responses in the ‘not applicable’ category were treated as if the item had not been 

represented to the patient.22  Values of Cronbach a were obtained using a specific IRT method that 

allow for missing item responses25, 30 implemented in BILOG-MG.29 

The associations between the ALDS scores and the other measures were expressed in Pearson’s (r) 

or Spearman’s rho correlation coefficients (rs). To examine the clinical validity, an independent t test 

and one-way analysis of variance (ANOVA) with Tukey-Kramer corrections for multiple comparisons 

was undertaken to examine the differences in mean ALDS scores. Differences in mean ALDS scores 

were also expressed in Cohen d effect size.

Change in disability scores over time were examined using a paired t test (BI), a linear mixed model 

(ALDS) or a Friedman test (mRs), when appropriate. In general, the original ALDS logits were used in 

all analysis but for clarity only the linearly transformed scores (0-100) are presented. Finally, the floor 

and ceiling effects of the BI and ALDS scores across mRs levels were graphically examined. 

Results

Table 1 summarizes the characteristics of the 213 patients at admission. Before discharge, 19 patients 

(9%) died; hence 194 patients were assessed at discharge. By the end of the 6 months follow-up ano-

ther 37 patients (19%) died, four patients refused to participate further, and in 36 patients no outcomes 

could be assessed (declined or unable to cooperate, language barrier and no proxy available, moved 

to another country); accordingly 117 patients completed the 6 months assessments. 

linear scale. The items were obtained from a systematic review of generic and disease specific func-

tional health instruments.21 Each item describes an ADL, for example ‘get out of bed into a chair’, 

and ‘walk >15 minutes’. Respondents have to rate if they could carry out the activity at present and 

were given two response options: ‘I can carry out the activity’ and ‘I cannot carry out the activity’. 

If a patient had never experienced an activity (e.g., ‘driving a car’) ‘not applicable’ was recorded. 

Since IRT centers on the measurement properties of individual items, rather than the instrument as 

a whole, it is not essential for all respondents to be examined using all 77 items. Researchers can 

select items from the item bank that are applicable to the population that they are investigating. This 

means that the item bank can be used to assess patients with a wide range of conditions and func-

tional levels, without placing an undue strain on the patients. Regardless of the ALDS items used, it 

is possible to compare the functional status between patients and populations. 

Each patient was assessed using 14 items of the 77 items in the current version of the item bank 

at admission and discharge. Six months post stroke, dependent on the patients’ ability level, four 

increasingly difficult item sets were used. The item sets were composite by one of the authors (NW), 

a physical therapist and a nurse.

The methodology,17 the psychometrics of the ALDS in terms of dealing with missing data,22 differen-

ces between item measurement characteristics in relation to age and sex23 and the metric proper-

ties of ALDS items in mixed types of patient groups,18 and the statistical power to detect given effect 

sizes in clinical trials using IRT outcome scales,24 have been examined in depth. The original units of 

the ALDS scale are (logistic) regression coefficients, expressed in logits (see Appendix 3). To make 

the results easier to interpret, the logit scores are linearly transformed into values between 0 (dead) 

and 100 (highest level of functional status). 

Clinimetric analysis 

The clinimetric properties of the ALDS were studied in terms of reliability (internal consistency and test-

retest reliability), construct and clinical validity, responsiveness and the presence of floor and/or ceiling 

effects. To assess internal consistency, Cronbach a25 was calculated at all time points (criterion set at a ≥ 

0.80).26 Test-retest reliability between admission and discharge was assessed using intraclass correlation 

coefficient (ICC). Since test-retest reliability is preferably assessed in stable patients, only patients were 

studied having the same BI quartile scores at both time points (criterion set at ICC ≥ 0.70).26 

Construct validity was assessed by measuring the extent to which the ALDS correlates with measu-

res (BI and mRs) addressing the same health concept (disability) or a measure (NIHSS) that reflect 

a conceptually different aspect of health (impairment). We assumed that the ALDS to be valid, the 

ALDS scores had to correlate substantially with the disability measures. In addition; we would ex-

pect the ALDS scores to show a lower association with the impairment scale.
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(Tukey HSD all p <0.001) was significantly different between minor, moderate and severe stroke 

with small to moderate effect sizes. Compared to ischemic stroke, patients with hemorrhagic stroke 

were significantly more disabled.

Responsiveness 

Table 3 shows the score distribution for the three disability instruments at the different time points. 

The scores on all measures significantly improved over time. The effect size between admission and 

discharge indicated that both the ALDS (d = 0.77) and the BI (d = 0.50) were moderate responsive. 

The effect size for the ALDS between discharge and six months post stroke was large (d = 0.83).

Reliability 

Cronbach a-coefficients of the ALDS scores at all time points (admission, discharge, follow-up) 

ranged from 0.90 to 0.93. Fifty three percent of the patients had a stable BI quartile score between 

admission and discharge and were included in the analysis of test-retest reliability. The ICC for the 

ALDS scores was 0.85 (95% CI; 0.78 to 0.89). 

Validity 

The ALDS showed high correlations with the other disability measures: BI (admission; r = 0.80, 

discharge; r = 0.86); mRs (admission; rs = 0.75, discharge; rs = 0.87, follow-up;  rs = 0.89). The as-

sociation between the ALDS and the NIHSS at admission was lower (r = 0.32). Table 2 presents 

the ALDS scores in relation to stroke severity and type of stroke. Disability level based on the ALDS 

Table 1.        Patient characteristics at admission (n = 213).

Characteristics Mean (SD), Median (range) or n (%)

Age, y  70.7 (14.8)

Male sex 97 (46%)

First ever stroke 178 (84%)

Stroke type

 Ischemic 170 (80%)

     large artery atherosclerosis 41 (24%)

     cardioembolism 59 (35%)

     small-artery occlusion  43 (25%)

     other or unusual causes 13 (8%)

     undetermined etiology  14 (8%)

 Hemorrhagic 43 (20%) 

NIHSS   7 (1-40)

     0-5  80 (38%)

     6-13 78 (37%)

     ≥ 14 52 (24%)

     not assessed 3 (1%)

BI (n=204) 6.7 (6.9)

ALDS  20.1 (16.3)

mRs   4 (2-5)

 0   0

 1   0

 2   4 (2%)

 3   32 (15%)

 4   78 (37%)

 5    99 (46%)

NIHSS: National Institute of Health stroke scale; BI: Barthel Index; ALDS: AMC Linear Disability Score; mRs: 
modified Rankin scale 

Table 3.       Disability level by Barthel Index, ALDS and modified Rankin scale in 

      relation to time: admission, discharge and 6 months post stroke.

ALDS and BI scores are presented in mean (SD), mRs in median (range).
*paired t test (BI)
†linear mixed model (ALDS)
‡Friedman test (mRs)
ALDS: AMC Linear Disability Score; BI: Barthel Index; mRs: modified Rankin scale

  N admission N discharge N 6 months post stroke p-value 

BI  204 6.8 (6.9) 187 11.0 (7.4)     <0.001*

ALDS 213 20.1 (16.3) 194 33.7 (24.1) 117 56.1 (28.6)   <0.001†

mRs  213 4 (2-5) 194 4 (2-5) 117 3 (0-5)   <0.001‡

Table 2.        ALDS admission scores in relation to stroke severity and stroke type (n=213).

   N ALDS (SD) p-value Cohen d

Admission NIHSS   <0.001*

 0-5 mild 80 25.8 (20.5)

 6-13 moderate 78 18.7 (13.8)  

 ≥14 severe 52 13.9 (8.7)  

Stroke type   0.008† 

 Ischemic 170 21.2 (17.4)

 Hemorrhagic 43 15.5 (10.2)  

ALDS scores are presented in mean (SD). 
*one-way analysis of variance
†independent t test
ALDS: AMC Linear Disability Score

0.41

0.42

0.40
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Floor and ceiling effect 

Distribution of the ALDS and BI scores for each mRs level shows the increased sensitivity of the 

ALDS over the BI in less disabled patients (Figure 1 and 2). The BI shows already a ceiling effect in 

the acute phase in slightly disabled patients (mRs 2). In comparison, the ALDS showed no floor or 

ceiling effects across the whole range of mRs levels.     

BI = Barthel Index
mRs = modified Rankin scale

Figure 1.      Distribution of the Barthel Index according to the modified Rankin scale.

At baseline and discharge there were no patients with modified Rankin scale grade 1.
ALDS = AMC Linear Disability Score; mRs = modified Rankin scale

Figure 2.       Distribution of the ALDS according to the modified Rankin scale.

Discussion

Disability scales are frequently used primary endpoints for stroke treatment trials.8, 31 As a result of 

the limitations of existing scales, new reliable, valid and sensitive outcome measures are welcome. 

This study showed the ALDS item bank has promising clinimetric properties in the acute phase and 

6 months post stroke.

In clinical trials, the most widely used disability scales are the BI and mRs.9, 32 Where the BI is more 

appropriate for assessment of severe disability in the acute phase, the mRs is a better instrument 

for differentiating between changes in mild to moderate disability, especially after minor stroke.33 The 

ALDS expands the range of physical functioning assessment beyond the measurement range of 

both the BI and mRs by explicitly including both basic ADL and instrumental ADL. The ALDS items 

can be used adaptively, meaning more difficult items can be presented to more disabled patients, 

while the easier items can be presented to more disabled patient. By using the ALDS in this flexible 

way, a detailed clinical picture can be obtained along the whole stroke continuum, thereby reducing 

time, effort and patient burden. The ALDS will also form a good foundation for a computerized 

adaptive testing procedure, allowing for shorter questionnaires where the difficulty level is automa-

tically adapted per question depending on the individual patient’s ability to perform the questioned 

activity.34

Studies have found that sample size requirements of trials using mRs-based endpoints are smaller 

than BI-based endpoints without loss of statistical power.33, 35 At present, there is no consensus 

which mRs defined endpoint is the most appropriate ‘good’ outcome (mRs grade ≤ 1or ≤ 2). Howe-

ver, in general, clinical information and statistical power are reduced when data are categorized.12 

Therefore, analyzing data across all levels of functional status is important. Besides the linear nature 

of the ALDS, an IRT calibrated item bank offers an additional option to increase the statistical power 

by simply increasing the number of items to be used.24   

The use of IRT to improve outcome assessment recently got increased attention. Especially the Ra-

sch model is often used to minimize the number of questions asked while maintaining or improving 

measurement characteristics of an existing instrument. For example, the Stroke Impact Scale -16 

is a shorter instrument to assess physical function based on a Rasch analytical technique.1 Har-

tingsveld4 used Rasch analysis to improve the measurement properties and clinical interpretability 

of BI scores. Hsueh36 performed Rasch modeling to combine the BI and Frenchay Activity Index 

items. However, to our knowledge in the stroke field no physical functioning IRT calibrated item 

bank exists.  

Measuring disability in the acute phase of stroke could be a limitation of the recent study, because 
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most patients are bedridden and impaired disability is not the primary medical concern. In the 

recent study one of the objectives was to investigate the sensitivity of the ALDS item bank across 

the entire continuum of stroke severity. Although the dispersal of disability status is rather small in 

acute stroke, the ALDS was still able to detect differences in disability level between different NIHSS 

categories. 

In summary, the ALDS is a new instrument that is a simple and flexible tool to assess ADL disability 

in stroke patients. The results of this study show that the use of different subsets of items from the 

ALDS item bank has good clinimetric properties across the entire continuum of stroke severity wit-

hout floor or ceiling effects. Obviously, this is an initial study on the use of the ALDS in stroke. More 

research is needed with regard to the implication for sample size calculations in stroke trials, the 

interobserver reliability, and the development of adaptive testing software.
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What should be defined as good outcome in stroke trials: a mRs of 0-1 or 0-2?Chapter 7

Studies have shown that sample size requirements of trials using mRs-based endpoints are smal-

ler than BI-based endpoints without loss of statistical power.7 A ‘favorable’ outcome defined as 

mRs grades 0-1 or grades 0-2 are estimated to be more powerful than dichotomization at higher 

grades.1, 8-10 Concerns over dichotomized endpoints concentrates on the insensitivity for changes 

which are clearly clinical relevant and the decreasing statistical power to detect differences between 

interventions.11,12 Moreover, varying the cutoff points significantly changes the percentage of indivi-

duals who are deemed to have good outcome, which consequently may lead to a different interpre-

tation of the results of a trial.9 For instance, the primary analysis in the European Cooperative Acute 

Stroke Study (ECASS) assessment of recombinant tissue plasminogen activator (rtPA) did not show 

a beneficial effect, though post hoc analysis that varied the endpoints for favorable outcome on the 

mRs demonstrated differences which were statistically significant. 

Besides statistical concerns to make a well-considered decision about defining the endpoint, it is 

also important to know the clinical meaning of a dichotomized mRs, especially the clinical difference 

between mRs 1 and mRs 2. We therefore examined each mRs grade by comparison with a sensi-

tive, generic disability scale measuring a broad range of activities (Academic Medical Center Linear 

Disability Scale (ALDS)).13

Materials and Methods

Subjects

The study group consisted of 152 patients six months post stroke. Patients were consecutively 

admitted to the stroke unit of the Academic Medical Center, Amsterdam, the Netherlands between 

January 2004 and May 2005. All patients had a confirmed stroke, defined as a rapid onset neuro-

logical deficit reflecting a focal disturbance of cerebral function of vascular origin, persisting for >24 

hours. Stroke was diagnosed by clinical assessment and by a CT/MRI scan. Both first and recurrent 

strokes were included. Baseline assessments at admission included stroke severity by the NIH Stro-

ke Scale (NIHSS),14 and stroke type (ischemic or hemorrhagic). Ischemic stroke was categorized 

by the TOAST classification; large artery atherosclerosis, cardioembolism, small-artery occlusion, 

other or unusual causes, and undetermined etiology.15 Experienced neurologists were certified in 

the use of the NIHSS scale. Thirty three patients who died after discharge from the stroke unit were 

still included in (part of) the analyses. Three trained nurses evaluated the disability level using first the 

mRs and next the ALDS by telephone interview six months after patients were treated at the stroke 

unit. If subjects were unable to answer the questions due to cognitive problems or severe illness, a 

relative or caretaker was interviewed on their behalf.

Abstract

Background and Purpose: Good outcome in stroke trials has been defined as a modified Rankin 

scale (mRs) score of 0-1 or 0-2. The aim of this study was to investigate the clinical meaning of 

these two dichotomies. 

Methods: We studied 152 patients six months post stroke using the mRs and a new disability mea-

sure the AMC Linear Disability Scale (ALDS) item bank. Descriptive statistics were used to show the 

ALDS scores by the levels of the mRs. To investigate the clinical meaning of the different definitions 

of good outcome, the mean probability to perform activities of daily life (ADL) of all mRs grades and 

these two dichotomies was calculated.  

Results: The ability to perform difficult ALDS items declined gradual with increasing mRs grade. 

When favorable outcome is defined as mRs 0-1, 15% of the cohort has a good outcome; of these 

patients 84% were likely to perform outdoor activities. If good outcome is defined as mRs 0-2, the 

percentage of patients with good outcome increased to 37%, whereas 66% of these patients were 

likely to perform outdoor activities.

 

Conclusion: If good outcome is defined as the ability to perform outdoor activities mRs 0-1 should 

be chosen. If complex ADL are considered as good outcome mRs 0-2 is the outcome measure of 

choice. Independent of which outcome measure will be chosen, the treatment effect in clinical trials 

must be large before good outcome is achieved. Therefore, it is likely that clinical important treat-

ment effects can be missed in clinical trials with both these mRs endpoints. 

Introduction

The lack of consensus regarding what should be considered a clinically meaningful effect on out-

come in stroke patients strongly hinders the design, interpretation, and comparison in stroke trials.1 

Two important outcomes for clinical investigations are changes in the stroke scale used and, more 

relevant to patients, the proportion of surviving patients who regain functional independence after 

stroke as measured with a disability scale or functional index.2 

In clinical trials, the most widely used disability measures are the Barthel Index (BI)3 and the modi-

fied Rankin scale (mRs).4,5 However, there is disagreement on how these scales should be used to 

determine outcome in clinical trials.1,6 Many stroke researchers prefer a dichotomous mRs score 

reflecting poor versus good outcome. Although, there is little consensus on the optimal cutoff point 

which is often arbitrarily selected and not validated.1,7 
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subset of items using IRT analysis. For clarity, we only presented 26 items from the item bank.

The original units of the ALDS scale are (logistic) regression coefficients, expressed in logits (see Ap-

pendix 3). To make the results easier to interpret, the logit scores are linearly transformed into values 

between 0 (dead) and 100. The value 1 represents the lowest level and the value 100 the highest 

level of functional status possible. 

Statistical analysis

Scores on the ALDS and the estimated probabilities to perform a range of daily activities were cal-

culated using previously published item parameters13 and algorithms implemented in BILOG-MG, 

version 3.022 and SPSS 12.0 for windows. Patient characteristics and the association between 

the scores on the mRs and the ALDS were summarized using descriptive statistics. The correla-

tion between the mRs and ALDS scores was expressed in a Spearman correlation coefficient (rs), 

whereas differences in ALDS scores were analyzed using one-way analysis of variance (ANOVA) 

(n = 119, 33 diseased patients excluded). To illustrate the clinical meaning of the different mRs gra-

des in more detail, the mean estimated probability that patients per grade were able to perform ADL 

activities were calculated and showed graphically. Additionally, we compared mean probabilities to 

perform activities between patients with good and poor outcome defined with mRs cutoffs 0-1 and 

0-2. In this analysis diseased patients (mRs = 6, ALDS = 0) were included. 

Results

Table 1 shows the baseline characteristics, and post stroke mRs and ALDS scores of the 152 

patients. The patients were a prevalent population admitted to a stroke unit. Fifteen percent of the 

patients were rated by proxy respondent. The mean ALDS scores were significantly different for 

each mRs grade (p < 0.0001; Table 1). The correlation between the mRs and the ALDS was very 

high (rs = 0.92). 

Table 2 shows the average probability that patients per mRs grade were able to perform a selec-

tion of items from the ALDS item bank. Patients with a score of mRs 1 were able to perform all 

basic and instrumental ADL; however they were not capable enough to perform all difficult outdoor 

activities. Patients with a mRs 2 score were less likely to perform outdoor activities and the more 

difficult instrumental ADL items but had no problems with basic ADL. Most patients with a score of 

mRs 3 were sufficiently capable to perform basic ADL, but the probability to perform instrumental 

ADL items decreased when the item difficulty increased. On average patients with mRs 4 had ap-

proximately 50% chance to perform basic ADL. Patients with a mRs 5 score showed an even lower 

probability to carry out these basic activities. For example, on group level, patients with a score of 

Modified Rankin Scale (mRs)

The mRs is a concise index of global disability.4,5 It is scored as follows; 0 = no symptoms, 1 = no 

significant disability despite symptoms; able to carry out all usual duties and activities, 2 = slight 

disability; unable to carry out all previous activities, but able to look after one’s own affairs without 

assistance, 3 = moderate disability; requiring some help, but able to walk without assistance, 4 = 

moderately severe disability; unable to walk without assistance and unable to attend to one’s own 

bodily needs without assistance, 5 = severe disability; bedridden, incontinent and requiring constant 

nursing care and attention, 6 = dead.

A literature search of MEDLINE from January 2005 through June 2007 was performed to investigate 

which mRs cutoff points were set as primary or secondary endpoint in randomized clinical trials. 

A search strategy using Medical Subject Heading Cerebrovascular accident and text word Rankin 

scale was used. Only studies in English were included. The literature search retrieved 20 articles; 5 

studies analyzed the mRs ordinal, 7 studies used mRs 0-1 as favorable outcome and 8 studies mRs 

0-2 [references are available on request]. In this study we therefore focused on the endpoints mRs 

0-1 and mRs 0-2 as indicator for favorable outcome.    

The AMC Linear Disability item bank 

The ALDS item bank was developed to quantify functional status in terms of the ability to perform 

basic and complex (instrumental) ADL and difficult outdoor activities using an item response theory 

(IRT) framework.16 Both the item difficulty and the patient’s ability are arranged on a single hierarchi-

cal linear scale. The current version of the item bank consists of 77 items ranging from relatively easy 

to difficult (see Appendix 3 for details).13 Each item describes an ADL, for example ‘get out of bed 

into a chair’, and ‘walk for more than 15 minutes’. Respondents have to rate how they could carry 

out the activity at present using two response options: ‘I can carry out the activity’ and ‘I cannot 

carry out the activity’. The methodology,16,17 the psychometrics of the ALDS in terms of dealing with 

missing data,18 differences between item measurement characteristics in relation to age and sex19 

and the metric properties of the items in mixed types of patient groups (including stroke patients),13, 

20 and the statistical power to detect given effect sizes in clinical trials using IRT outcome scales,21 

have been published previously.

In the present study, patients were assessed with on average 13 items from the total of 77 items 

from the item bank. Since IRT centers on the measurement properties of individual items, rather 

than the instrument as a whole, it is not necessary for all respondents to be examined using all 

items. The essence and clinimetric strength of an IRT item bank is that the included items (which 

have met the assumptions of an IRT measurement model) allows its users to compare disability 

outcomes measured by different item sets selected from the item bank. Hence, for each patient 

the probability to be able to perform all 77 items from the item bank can be estimated from a small 
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mRs 3 have a 9% chance to walk for more than 15 minutes, patients with mRs 2 57% and patients 

with mRs 1 97%. Therefore, if the cutoff is set at mRs 0-2, the treatment must increase the ability 

level of a patient with a poor outcome of mRs 3 to such an extent that the chance to walk for more 

than 15 minutes increases with 48% to accomplish a good outcome of mRs 2. In case good out-

come is defined as mRs 0-1, patients in the poor outcome category of mRs 2 also have to improve 

significantly to shift to a good outcome of mRs 1; the probability to walk for more than 15 minutes 

has to increase with 40%. These results are graphically summarized in the Figure.

Table 1.       Patient baseline characteristics and post stroke mRs and ALDS scores (n = 152).

Characteristics Mean (SD) or n (%)

Age, y  70.6 (15.0)

Male sex 65 (43%)

First ever stroke 125 (82%)

Stroke type

 Ischemic 126 (83%)

    large artery atherosclerosis 34 (27%)

     cardioembolism 44 (35%)

    small-artery occlusion  32 (25%)

     other or unusual causes 6 (5%)

     undetermined etiology  9 (8%)

 Hemorrhagic 26 (17%) 

NIHSS   9.4 (7.1)

     0-5 (minor) 58 (38%)

     6-13 (moderate) 55 (36%)

     ≥ 14 (major) 37 (25%)

     not assessed 2 (1%)

ALDS by mRs 6 months post stroke

 0 No symptoms (n = 1) 89.0

 1 No sign of disability (n = 22) 87.5 (2.1)

 2 slight disability (n = 33) 74.9 (8.6)

 3 moderate disability (n = 32) 47.5 (14.1)

 4 moderately severe disability (n = 28) 24.5 (14.9)

 5 severe disability (n = 3) 12.0 (1.0)

 6 dead (n = 33) 0 

NIHSS: NIH stroke scale; ALDS: AMC Linear Disability Score; mRs: modified Rankin scale

           Item content Good outcome   Poor outcome    

  mRs 1        mRs 2      mRs 3        mRs 4     mRs 5 

 Difficult outdoor activities     
1.  ride a bike for at least 2 hours? 41% 3% --- --- ---
2.  carry a bag of shopping upstairs? 79% 16% --- --- ---
3.  go for a walk in the woods? 93% 34% 2% --- ---
4.  travel by local bus or tram? 97% 43% 2% --- ---
5.  walk for more than 15 minutes? 97% 57% 9% 2% ---
6.  walk up a hill or high bridge? 97% 58% 10% 2% ---

 Complex ADL     
7.  cut your toe nails? 96% 62% 14% 3% ---
8.  stand for 10 minutes? 98% 66% 15% 3% ---
9.  walk up a flight of stairs? 99% 77% 20% 4% ---
10.  walk down a flight of stairs? … 84% 22% 5% ---
11.  go for a short walk (15 min)? … 84% 27% 6% ---
12.  change the sheets on a bed?  … 83% 33% 8% ---
13.  fetch a few things from the shop? … 91% 31% 7% ---
14.  have a shower and wash your hair? … 93% 44% 11% ---
15.  pick something up from the floor? … 97% 59% 17% ---
16.  get in and out of a car? … 98% 66% 19% ---
17.  peel and core an apple? … 94% 65% 27% 5%
18.  prepare breakfast or lunch? … 99% 71% 22% 1%

 Basic ADL     
19.  eat a meal at the table? … 97% 73% 31% 6%
20.  sit up (from lying) in bed? … 97% 75% 35% 8%
21.  put long trousers on? … … 92% 40% 2%
22.  sit on the edge of a bed from lying down? … … 89% 50% 15%
23.  put on and take off a coat? … … 96% 53% 9%
24.  get out of bed into a chair? … … 97% 57% 13%
25.  go to the toilet? … … 99% 60% 10%
26.  wash your lower body when taken to sink? … … 99% 64% 14%

Table 2.       Probability that patients per mRs grades were able to perform 

      activities with decreasing difficulty (n = 119). 

…, indicates a probability of > 0.994 
---, indicates a probability of < 0.005
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When choosing the mRs endpoint in clinical trials the researcher has to decide if mRs 2 is defined 

as favorable or unfavorable outcome. If a favorable outcome is defined as mRs 0-1, there were 23 

patients (15%) in our sample with a good outcome. When shifting the endpoint to mRs 0-2, the 

number increased to 56 patients (37%) with a favorable outcome. The mean probability to be able 

to perform outdoor activities for the patient group with a mRs 0-1 score was 84% (Table 3), whereas 

this likelihood decreased to 56% in patients with a mRs 0-2 score. The mean probability to perform 

complex ADL was 99% when defining good outcome in terms of mRs 0-1, compared to an average 

probability of 91% when good outcome was reflected by mRs 0-2.

The x-axis shows the 26 ALDS items described in table 2. Items 1-6 represents heavy outdoor activities, item 
7-18 complex ADL and item 19-26 basic ADL. The y-axis shows the probability that patients were able to carry 
out the activities. 

Figure         Probability to perform ALDS items per mRs level.
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           Item content  ‘Good’           ‘Poor’            ‘Good’           ‘Poor’   

  mRs 0-1        mRs 2-6        mRs 0-2       mRs 3-6 

 Difficult outdoor activities     
1.  ride a bike for at least 2 hours? 42% 1%  19% ---
2.  carry a bag of shopping upstairs? 79% 4%  42% ---
3.  go for a walk in the woods? 93% 9%  58% 1%
4.  travel by local bus or tram? 97% 12%  65% 1%
5.  walk for more than 15 minutes? 97% 17%  74% 3%
6.  walk up a hill or high bridge? 97% 18%  76% 4%

 Complex ADL     
7.  cut your toe nails? 96% 20%  76% 6%
8.  stand for 10 minutes? 98% 21%  79% 6%
9.  walk up a flight of stairs? 99% 26%  86% 8%
10.  walk down a flight of stairs? 99% 28%  91% 9%
11.  go for a short walk (15 min)? 99% 29%  90% 11%
12.  change the sheets on a bed?  99% 31%  89% 13%
13.  fetch a few things from the shop? … 32%  94% 13%
14.  have a shower and wash your hair? … 37%  96% 18%
15.  pick something up from the floor? … 43%  98% 25%
16.  get in and out of a car? … 47%  99% 27%
17.  peel and core an apple? … 46%  96% 30%
18.  prepare breakfast or lunch? … 48%  99% 30%

 Basic ADL     
19.  eat a meal at the table? … 50%  98% 34%
20.  sit up (from lying) in bed? … 51%  98% 35%
21.  put long trousers on? … 57%  … 42%
22.  sit on the edge of a bed (from lying)? … 59%  … 45%
23.  put on and take off a coat? … 61%  … 48%
24.  get out of bed into a chair? … 62%  … 49%
25.  go to the toilet? … 63%  … 50%
26.  wash your lower body? … 64%  … 52%

Table 3.       Probability that patients with good outcome (mRs 0-1 or mRs 0-2) and

                  patients with poor outcome (mRs 2-6 or mRs 3-6) were able to perform 

                   activities with decreasing difficulty (n = 152, including 33 deceased patients).

…, indicates a probability of > 0.994 
---, indicates a probability of < 0.005
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also be viewed with caution, since some redundant measures count in a multiple way and does not 

separate the different health dimensions in the assessment.30

The correlation between the scores on the mRs scores and the ALDS was almost perfect. Never-

theless, a possible limitation of the study could be that we compared the mRs, with the ALDS and 

not with another frequently used disability measure. Although the mRs was originally conceptualized 

as a handicap measure, the scale is generally considered in stroke research as a global functional 

health index with a strong emphasis on physical disability.31 As a consequence the mRs has a broad 

measurement range and therefore comparison with the BI, measuring basic ADL, or the Frenchay 

Activities Index,32 measuring complex ADL, is likely to be inappropriate due to ceiling and floor ef-

fects of these instruments. A possible suitable instrument could have been the physical dimension 

of the Sickness Impact Profile (SIP), which also measures a broad range of functioning.33 However, 

the SIP is constructed according to the classical test theory resulting in summated item scores 

which hinders a detailed clinical picture of the patient’s ability level.

In summary, this study has provided a better understanding about the clinical meaning of the mRs 

and the arbitrary decision about good and poor outcome. Due to the great discrepancy in ADL 

functioning between the two definitions of favorable outcome, it is not surprising that a change of 

definition can change an insignificant into a significant trial result. The choice between favorable and 

unfavorable outcome appears to be based on the choice between the ability to perform outdoor 

activities (mRs 0-1) or the ability to perform more difficult instrumental ADL activities (mRs 0-2). Mo-

reover, independent of which endpoint will be chosen, the effect of the treatment under investigation 

must be very large to induce a change from poor to good outcome.

It is unrealistic too expect that new treatments in stroke trials lead to a complete and full recovery in 

all patients. Improvement of treatment in medicine comes with small steps. Therefore, it is important 

to use appropriate outcome measurements and to assess improvements that are of significant 

functional benefit, although less than complete recovery.34 

References

(1)  Sulter G, Steen C, De Keyser J. Use of the Barthel index and modified Rankin scale in acute stroke trials. 

 Stroke. 1999;30:1538-1541.

(2)  Weimar C, Kurth T, Kraywinkel K, Wagner M, Busse O, Haberl RL, Diener HC. Assessment of functioning and 

 disability after ischemic stroke. Stroke. 2002;33:2053-2059.

(3)  Wade DT, Collin C. The Barthel ADL Index: a standard measure of physical disability? Int Disabil Stud. 1988;10:64-67.

Discussion

There is a clear distinction between the different mRs grades in activity level; the ability to perform 

difficult to easy activities of daily life changes gradually from grade to grade. The results showed that 

the differentiation between mRs grade 1 and mRs grade 2 is mainly reflected in the performance of 

difficult outdoor activities. Differentiation between mRs 2 and mRs 3 depends on the ability to carry 

out the more difficult complex ADL activities. If the mRs 0-1 is defined as good outcome, 15% of 

the patients from our cohort study has good outcome, 84% of those patients were able to perform 

outdoor activities. However, if the definition of a good outcome is mRs 0-2, 37% of the patients will 

have a favorable outcome while only 56% of the patients were likely to perform outdoor activities.

This study showed great discrepancy in ADL functioning between patients in mRs grade 2 and 

patients in mRs grade 3. This results clinically explains why clinical trials are considered to be more 

statistical powerful when dichotomized as mRs grade 0-1 or grade 0-2 instead of grade 0-3.8-10 

Moderate disabled patients (mRs 3) have to show a larger improvement to change from poor to 

good outcome defined as mRs 0-2, than patients with slight disabilities (mRs 2) when good out-

come is defined as mRs 0-1. Although, in general and irrespective of the threshold set (mRs 0-1 or 

mRs 0-2) the treatment effects must be substantial to induce functional changes from poor to good 

outcome.

Our results emphasize that dichotomized outcomes may underestimate the impact of treatment.23 

Transition across the entire mRs grade spectrum has been proposed as a more comprehensive 

measure of impact for acute stroke interventions, assuming a common odds ratio across all cutoff 

points of the mRs.24 This statistical assumption does not comply with our results as the probabilities 

to perform ADL activities were not gradual decreasing in relation to the mRs grades, reflecting the 

ordinal nature of the mRs. Moreover, when this approach is used, the assumption is that a 1-point 

improvement in mRs outcome, say from mRs 1 to mRs 0, is of comparable clinical relevance as 

a 1-point improvement from mRs 6 to mRs 5. We might argue that preventing death is of greater 

consequence, than reduction from 1 to 0, yet both are weighted equally in those analyses.25 Ano-

ther method of analyzing mRs outcomes has been suggested by Young et al,26 using prognosis-

adjusted endpoints; a variable endpoint that takes severity or likely prognosis into account. With 

this approach there is the need for prognostic modeling. The authors used age and baseline NIHSS 

score. However, the problem here is that there are too many published prognostics models.11 A dif-

ferent method is the global endpoint approach (or composite score). For example, the NINDS rtPA 

stroke trial8,27 used 4 dichotomized endpoints, where a favorable outcome was defined as NIHSS 

score of 0-1, mRs of 0-1, BI28 score of 95-100 or Glasgow Outcome scale29 score of 1. An impor-

tant disadvantage of the global endpoint approach is that overall a beneficial effect is demonstrated 

although in one of the endpoints treatment may not be effective. Furthermore, this approach should 
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Chapter 8 The use of the ALDS item bank across diseases: differential item functioning

The large amount of disease-specific measures available has both advantages and disadvantages. 

Researchers in a wide variety of medical specialties’ are able to choose an instrument, which has 

been developed with particular patient characteristics in mind. However, it is not necessary or desi-

rable for each condition to have its own scale. The large numbers of disease-specific scales imply 

that it is difficult for clinicians to interpret the results of studies, without knowing what a particular 

change in score on a range of instruments reflects. For example, the clinical meaning of a score on 

a Parkinson scale is meaningless for a neurologist specialized in stroke. In addition, even though 

the content of many disability instruments overlap substantially,6 it is difficult to compare results 

obtained from different studies and to perform meta-analyses. 

The majority of instruments to measure functional status are constructed using fixed length scales 

in which the patient’s responses on individual items are summed to a total score (classical test the-

ory). Item Response Theory (IRT) was proposed as an alternative method of analysis.7 Using IRT, 

it is possible to place items from different scales on a common hierarchical difficulty measure. We 

developed a generic, non-disease specific, item bank consisting of a large number of items descri-

bing activities of daily life. The AMC Linear Disability Score (ALDS) item bank can be used in both 

mildly and in severely affected patients.8,9 As a result, presenting difficult items to more able patients 

and easier items to more disabled patients, ceiling and floor effects are prevented. By using a small 

number of items, tailored to the ADL level of patients, a sufficiently detailed clinical picture can be 

obtained, enabling comparisons of outcomes within or between medical specialties. 

However, a standard assumption in IRT modeling is that the items included in an item bank have 

the same measurement characteristics for subgroups in the population. Differential item func-

tioning (DIF) occurs when patients from two groups have different response probabilities even 

though they have the same level of disability status. In other words, DIF exists when, for example, 

stroke patients at moderate levels of disability are more likely to report difficulty ‘climbing stairs’ 

than are rheumatoid arthritis patients at the same moderate level of disability. If DIF is ignored, 

inaccurate measurements are obtained and true differences between patient groups may be 

obscured and non-existent differences ‘created’. The psychometric results of IRT analyses of the 

ALDS item bank, including DIF with regard to gender and age,10 have been published in depth.8,11-13 

The present study was performed to identify DIF in the ALDS in a population including a variety of 

diseases and to model DIF by using disease-specific item parameters to investigate the compa-

rison across the disease groups.    

 

Abstract 

Background: Disabilities are considered important as outcome measures in intervention studies. 

Unfortunately, there is not a single universally accepted activity of daily living (ADL) instrument with 

which it is possible to compare data across different measures. 

Objective: We developed a generic item bank of ADL items using item response theory, the AMC 

Linear Disability Scale (ALDS). When comparing outcomes of the ALDS between patients groups, 

item characteristics of the ALDS should be comparable across groups. The aim of the present study 

was to perform a differential item analysis of the ALDS items in a group of patients with various dis-

orders to investigate the comparability across these groups. 

Research design: Cross-sectional, multi-centre study. 

Subjects: 1283 in- and outpatients with a variety of disorders and disability levels. The sample 

was divided in two groups; 1) mainly neurological patients (n = 497; vascular medicine, Parkinson’s 

disease and neuromuscular disorders) and 2) patients from internal medicine (n = 786; pulmonary 

disease, chronic pain, rheumatoid arthritis, and geriatric patients). 

Measures: item sets from the ALDS item bank.

Results: Eighteen of 72 ALDS items showed statistically significant DIF (p ≤ 0.01). However, the DIF 

could effectively be modeled by introduction of disease-specific parameters. 

Conclusion: In the subgroups studied DIF could be modeled such that the ensemble of the items 

comprised a scale applicable in both groups. 

Introduction

In the last decade disability has become an important endpoint in many types of clinical studies.1 

The recognition of the importance of functional outcomes has led to a shift from the use of measures 

of pathology and impairment to the use of disability instruments measuring the ability to perform 

basic activities of daily living (ADL) in terms of mobility, self-care, and extended activities of daily life, 

such as housework or a combination of these concepts. The Barthel Index in stroke,2 the Stanford 

Health Outcome Questionnaire in rheumatology,3 the Functional Independence Measure in rehabi-

litation medicine, the Karnofsky performance status scale in cancer,4 and the New York Heart As-

sociation functional classification5 in cardiology are particularly well-known examples.  
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categories vary across studied groups, given equivalent levels of the underlying attribute.17,18 If items 

are not subject to DIF, the location of items along the measurement scale is the same across diffe-

rent diseases.19 If DIF is clearly present, several options are available. One extreme option is to elimi-

nate items from the bank. If the number of eliminated items is large, this has the drawback that the 

measurement precisions and flexibility of item administration are seriously hampered. An alternative 

is available when the number of items with DIF is relatively small. In that case, DIF can be modeled 

by using disease-specific item parameters. The items without DIF identify the latent scale and it is 

assumed that the items with DIF still load on this latent scale but with specific item parameters for 

the concerning subgroup(s).20,21 Thus, these items can be used to estimate the value on the latent 

variable and attribute to the precision of this estimate.

Statistics

Originally the ALDS item bank has been calibrated using the two-parameter logistic item response 

model and this model was also used for the present analyses. The DIF analyses were performed 

using a Lagrange Multiplier (LM) statistic based on a difference between observed and expected 

item scores between the two subgroups. It can be shown that this is equivalent to testing the hy-

pothesis that the item parameters in both subgroups are the same.21 We followed an iterative ap-

proach, where an item with the largest significant LM test is given disease-specific item parameters 

until all remaining DIF tests are not significant (that is, p < 0.01). The LM statistic has an asymptotic 

Chi-square distribution with one degree of freedom.21 

The definition of disease-specific item parameters is done in practice by splitting up an item into 

virtual items.20 That is, when an item displays DIF, it is entered into a calibration-run as two unique 

items, each one supposed to be given to one of the groups only. For example, consider group 1 

and 2, and the item regarding ‘go to the toilet’ displays DIF. In this case, the item would be split into 

two items, with the first item for group 1 (and the responses for patients from group 2 are entered as 

structural missing values) and a second item for group 2 (with the responses for patients from group 

1 entered as structural missing values). Consequently, there are now two ‘go to the toilet’ items, with 

distinct item parameters for the two groups. The un-split items act as links in the calibration. In this 

way, item difficulty for some items is allowed to vary across diseases.

Finally, we assessed whether modeling disease-specific item parameters was acceptable. This was 

accomplished by computing a LM test for every virtual item targeted at the appropriateness of the 

observed response proportions and predicted response probabilities on 4 levels of the total test 

score. In this case the LM statistic has an asymptotic Chi-square distribution with 3 degrees of 

freedom.22 Additionally, the model fit was assessed by the deviance test (the log-likelihood multiplied 

by minus two). 

Methods 

Subjects

We evaluated the IRT characteristics of the ALDS in a convenience sample of 1283 individuals 

visiting various inpatient and outpatient clinics in one teaching hospital (Academic Medical Cen-

ter [AMC]), Amsterdam) and one pulmonary rehabilitation centre (Heideheuvel, Hilversum) in the 

Netherlands. All participants were over 18 years, further no specific exclusion criteria were used. 

The data was collected between December 1999 and July 2007. All subjects gave oral informed 

consent. The multiple disease population included 1) patients from vascular medicine (stroke and 

peripheral vascular disease), patients with Parkinson’s disease and neuromuscular disorders and 2) 

patients from internal medicine (pulmonary disease, chronic pain, rheumatoid arthritis, and geriatric 

patients acutely admitted to the internal medicine ward). 

The AMC Linear Disability Score 

The ALDS project constructed and calibrated an item bank to measure functional status, as ex-

pressed by the ability to perform ADL.14 The items are obtained from a systematic review of generic 

and disease specific functional health instruments.6 Each item in the item bank describes an ADL 

essential for living independently or in an appropriate care setting. Details about the methodological 

and theoretical considerations in the development and use of the instrument have been reported 

elsewhere.11-13,15,16 Briefly, a total of 190 items were selected from over 110 existing functional status 

scales.6 In the current item bank, 77 items fitted the two-parameter IRT model,8 these items cover 

a wide range of activities, ranging from running and travel, to light household tasks, self-care, bed 

to chair transfer and eating. Participants responded to each item in one of the categories ‘I cannot 

carry out the activity’, ‘I can carry out the activity’ (with or without difficulty) and ‘not applicable’. If 

subjects were unable to respond due to cognitive problems, a significant other or caregiver was 

interviewed on their behalf.

Administering all 77 ADL items to all subjects would be highly inefficient. Since IRT centers on the 

measurement properties of individual items, rather than the instrument as a whole, it is not essential 

for all respondents to be examined using all items. Outpatients (n = 1013) were assessed during 

visits to the wards of the teaching hospital and the pulmonary rehabilitation centre. Patients admit-

ted at the pulmonary rehabilitation centre were assessed at admission. Acutely admitted geriatric 

patients to the internal medicine ward were assessed at discharge. Most interviews could be com-

pleted in approximately 5 to 15 minutes depending on the length of the item set that was used (30 

items at average, range 7 - 76) and the condition of the respondent.   

Differential item functioning 

According to the IRT model, an item displays DIF if the probabilities of responding in different 
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that the parameter is lower (item is easier) in the group with patients from internal medicine. It can 

also be seen that the direction of the differences of the item difficulty parameters of the two groups 

are evenly distributed. That is, some of the items were more difficult for one group and some of the 

items were more difficult for the other group. Further, the differences in the discrimination parame-

ters were usually not significant (p – values not shown).

Results

The characteristics of the total sample are shown in Table 1. The first group from vascular medicine 

(stroke and peripheral vascular diseases), Parkinson’s disease and neuromuscular disorders inclu-

ded 497 patients and the second group with patients from internal medicine included 786 patients 

(pulmonary diseases, chronic pain, rheumatoid arthritis and geriatric patients). Forty two percent of 

the total sample were male, mean age at examination was 59 years (SD = 15.5). 

As a preliminary step 5 items were deleted because their parameters could not be estimated since 

all patients in one of the two groups were able to carry out that certain activity (‘read a newspaper’, 

‘answer the telephone’, ‘make a bowl of cereal’, ‘sit on the edge of a bed from lying down’, ‘move 

between two dining chairs’). Next, items with significant values on the LM test were iteratively split 

into virtual items in 7 steps. In the first step there were 4 items with a LM > 20, in the subsequent 

steps, the number of items split was 5, 6 1, 1 and 1, respectively. The results of the final analysis 

are given in the Tables 2 and 3. 

In Table 2 the column labeled ‘p-value LM’ gives the significance probabilities of the LM test for DIF 

as obtained in step 7, as far as they were defined as no significant. Table 3 shows the 18 items that 

were identified as displaying DIF (p < 0.01). The last four columns of the table give the differences 

between the estimates obtained and their standard errors. Note that these estimates are obtained in 

a concurrent estimation procedure with both groups and all items present, but with disease-specific 

item parameters for the 18 items identified as having DIF. A negative sign of a difference indicates 

Table 1.        Patient characteristics of the study group (n =1283).

   % male       Mean age (SD) Number of subjects 

     (% of total)

Group 1  

Stroke  42% 68.5 (15.0) 122 (10%)

Peripheral vascular disease 72% 68.4 (11.1) 54 (4%)

Parkinson’s disease 56% 65.9 (9.5) 201 (16%) 

Neuromuscular disorder 33% 46.5 (16.4) 120 (9%)

Group 2 

Pulmonary condition 45% 56.8 (14.3) 382 (30%)

Chronic pain 39% 51.7 (15.2) 251 (20%)

Rheumatoid arthritis 24% 54.7 (12.6) 120 (9%)

Geriatrics 36% 77.0 (6.4)   33 (3%) 

1 … ride a bike for at least 2 hours?   0.58  89
2 … vacuum a flight of stairs?   0.39  87
3 … carry a bag of shopping upstairs?  0.74  85
4 … clean a bathroom?   0.07  84
5 … vacuum a room and move light furniture?  0.29  84
6 … fetch groceries for 3-4 days?§   …   82
7 … go for a walk in the woods?§   …   81
8 … travel by local bus or tram?   0.19  78
9 … walk for more than 15 minutes?   0.08  74
10 … carry a tray?   0.04  74
11 … walk up a hill or high bridge?§   …   73
12 … to go shopping for clothes?   0.94  73
13 … cut your toe nails?§   …   72
14 … fill in a official form?   0.08  71
15 … go to a party?   0.02  70
16 … stand for 10 minutes?   0.60  70
17 … go to a restaurant?§   …   69
18 … sweep the floor?   0.60  69
19 … hang out and take in a load of washing?  0.79  69
20 … vacuum without moving furniture?§  …   67
21 … move a bed or table?   0.67  66
22 … use a washing machine?   0.43  65
23 … reach into a high cupboard?   0.11  65
24 … walk up a flight of stairs?   0.04  65
25 … go to the bank or post office?   0.01  64
26 … walk down a flight of stairs?§   …   62
27 … go to the general practitioner?   0.11  61
28 … use a dustpan and brush?   0.02  60
29 … go for a short walk (15 min)?   0.22  60
30 … write a letter?§   …   58
31 … change the sheets on a bed?    0.39  58
32 … cross the road?   0.79  58
33 … open and close a window?   0.12  58
34 … fetch a few things from the shop?  0.39  56
35 … polish shoes?   0.14  56
36 … have a shower and wash your hair?§  …   50
37 … fold up the washing?   0.18  50

Table 2.       The 77 items in the AMC Linear Disability Scale item bank.

    p-value Linear transformed
Nr Are you able to...   LM  ALDS (0-100)*  

 Item content
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Table 4 shows the fit of the DIF items after the introduction of disease-specific parameters. The 

columns labeled ‘Mean absolute effect’ gives the differences between the observed and expected 

mean item score averaged over 4 total score levels. Note that several tests were significant. Howe-

ver, in general, the sizes of the mean absolute effects on which the tests were based were small. 

Therefore, we conclude that the fit of the resulting model is statistically acceptable. 

Table 5 continues on the model fit and summarizes the 7 analyses steps described previously. 

Column two gives the cumulative number of items split. Column three gives the difference between 

the deviances (the log-likelihood multiplied by minus two) of the two consecutive analyses. Note that 

the last two analysis steps do not contribute to model fit in terms of deviance. The process seems 

to converge. This can also be seen in the second last column. This column gives the estimate of 

the mean of the distribution of the latent parameters (levels of disability) for the group with mainly 

    p-value Linear transformed
Nr Are you able to...   LM  ALDS (0-100)*  

38 … dust?   0.40  50
39 … put on and take off lace-up shoes?  0.42  49
40 … clean a toilet?   0.23  48
41 … make a bed?§   …   46
42 … cut your finger nails?   0.23  47
43 … reach under a table?   0.93  46
44 … heat tinned food?   0.49  46
45 … make egg or beans on toast?   0.02  44
46 … reach into a low cupboard?   0.90  43
47 … move between two low chairs?§   …   42
48 … pick something up from the floor?  0.13  42
49 … clean a bathroom sink?   0.56  42
50 … put the washing up away?   0.58  40
51 … read a newspaper? †   …   40
52 … get in and out of a car?   0.90  39
53 … make porridge?   0.14  39
54 … clear the table after a meal?   0.05  37
55 … peel and core an apple?§   …   37
56 … prepare breakfast or lunch?   0.50  36
57 … clean the kitchen surfaces?   0.74  32
58 … put a chair up to the table?   0.08  32
59 … eat a meal at the table?   0.07  32
60 … wash up?   0.46  31
61 … put on/take off socks and slip on shoes?  0.66  30
62 … sit up (from lying) in bed? §   …   30
63 … get a book off the shelf? §   …   28
64 … answer the telephone? †   …   27
65 … hang clothes up in a cupboard?   0.27  27
66 … make coffee or tea? §   …   25
67 … make a bowl of cereal? †   …   25
68 … put long trousers on?   0.21  24
69 … sit on the edge of a bed (from lying)? †  …   21
70 … move between two dining chairs? †  …   20
71 … wash and dry your lower body?   0.04  20
72 … put on and take off a coat?   0.03  19
73 … wash and dry your face and hands?§  …   18
74 … get out of bed into a chair?   0.04  18
75 … go to the toilet? §   …   17
76 … wash your lower body? §   …   15
77 … put on and take off a T-shirt?   0.33  11

Table 2.       The 77 items in the AMC Linear Disability Scale item bank.

*For clinical interpretability the ALDS logits scores were linear transformed to 0-100 scale.
† 5 items were removed; they could not be estimated because all patients in one of the two groups were 
able to carry out the activity
§ 18 items with DIF (p < 0.01)

  
Item content

Are you able to…..

Difference in Item 
Parameter Estimates

Item 
difficulty 

parameter
(b)

Discrimi-
nation 

parameter
(a)

Item 
difficulty 

parameter
(b)

Discrimi-
nation 

parameter
(a)

Standard Error 
Difference in Item 

Parameter Estimates

… fetch groceries for 3-4 days?   -1.26* -0.50 0.16 0.26
… go for a walk in the woods?    0.63 -0.74 0.14 0.25
… walk up a hill or high bridge?  -1.12* 0.12 0.18 0.32
… cut your toe nails?  1.42 -0.59 0.20 0.29
… go to a restaurant?  1.12 -0.41 0.23 0.32
… vacuum without moving furniture?  1.65 0.85 0.71 1.96
… walk down a flight of stairs?    0.93 0.11 0.42 0.40
… write a letter?  2.82 -1.24 1.33 1.24
… have a shower and wash your hair?   -0.61* -0.05 0.43 0.40
… make a bed?  1.15 -0.13 0.28 0.33
… move between two low chairs?   -1.81* 0.76 0.42 0.50
… peel and core an apple?  1.19 0.20 0.31 0.33
… sit up (from lying) in bed?   -2.25* 0.38 0.62 1.09
… get a book off the shelf?   -2.02* 0.15 0.66 1.65
… make coffee or tea?   -1.44* -0.22 0.61 0.54
… wash and dry your face and hands?  -1.29* 0.54 0.49 1.55
… go to the toilet?   1.15 -0.03 0.40 0.70
… wash your lower body?  -1.29* -0.04 0.45 0.81

Table 3.       Differences in parameters estimates between (mainly) neurological 

                   patients (n = 497) and patients from internal medicine (n = 786).

*A negative sign indicates that the parameter is lower (item is easier) for the patients from internal medicine.

 Item content
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Discussion

When developing an item bank, it is desirable that items should have the same measurement pro-

perties for all subgroups in the population. If this cannot be achieved, an alternative is accounting 

for DIF in such a way that measures remain meaningful over subgroups. IRT methods provide an 

ideal basis for assessing DIF, evaluation of the impact of DIF on health assessment and modeling 

DIF. The differences between the probabilities for younger and older respondents and the differen-

ces between men and women have been previously examined.8 Due to the generic nature of the 

ALDS item bank and consequently, its application in a broad range of disorders it is also important 

to examine DIF carefully in different patient groups. 

To investigate the generic character of the ALDS item bank we compared the item difficulties in two 

groups of patients with various disorders. We demonstrated that items with DIF could be identified 

successfully. The study results showed that 18 items of 72 items functioned differently in two clini-

cally different groups. The differences of item difficulty parameters of the two groups were evenly 

distributed. The question remains how much DIF is acceptable? If we compare the estimated disa-

bility level between the two groups studied not accounting for DIF, small differences in the estimated 

disability level exist (a difference of 0.12 logit, which corresponds with less than two points on the 0 

to 100 linear transformed ALDS scale). Further, the effects of DIF could be modeled in such a way 

that the disability estimates of both groups become completely comparable. 

neurological patients. The mean of the latent distribution for the patients from internal medicine was 

fixed to zero to identify the scale. Note that all 7 estimates indicate that the first group has a signifi-

cantly higher mean on the latent scale, so this group is estimated as more able. In the first analyses, 

the estimates of this mean are biased by the presence of items with DIF. In the subsequent analyses 

the DIF is gradually modeled by the introduction of the disease-specific item parameters. The last 

analyses, the estimates of the mean no longer change. This also supports the conclusion that the 

model is statistically acceptable. The ability estimates without disease-specific item parameters 

was 0.352 (step 1), after complete introduction of the disease-specific item parameters the ability 

estimate was 0.228 (step 7); delta = 0.124. 

  
Item content

Are you able to…..

Group 1
(n = 497)†

LM LM
p-

value
p-

value

Mean 
absolute 
effect*

Mean 
absolute 
effect*

Group 2
(n = 786)§

… fetch groceries for 3-4 days? 6.12 0.11 0.05 12.14 0.01 0.06
… go for a walk in the woods? 6.85 0.08 0.05 36.18 0.00 0.06
… walk up a hill or high bridge? 33.83 0.00 0.05 7.50 0.06 0.03
… cut your toe nails? 6.15 0.10 0.06 1.95 0.58 0.02
… go to a restaurant? 0.93 0.82 0.02 6.84 0.08 0.03
… vacuum without moving furniture? 8.18 0.02 0.10 72.93 0.00 0.02
… walk down a flight of stairs? 37.59 0.00 0.03 3.32 0.35 0.01
… write a letter? 3.57 0.31 0.04 21.73 0.00 0.07
… have a shower and wash your hair? 50.32 0.00 0.02 0.77 0.86 0.01
… make a bed? 2.40 0.49 0.04 1.63 0.65 0.01
… move between two low chairs? 23.08 0.00 0.03 3.69 0.30 0.07
… peel and core an apple? 22.73 0.00 0.04 1.67 0.64 0.01
… sit up (from lying) in bed?  0.08 0.99 0.01 9.64 0.01 0.09
… get a book off the shelf?  25.39 0.00 0.00 13.81 0.00 0.02
… make coffee or tea?  24.88 0.00 0.01 36.41 0.00 0.04
… wash and dry your face and hands? 0.01 0.99 0.00 3.56 0.17 0.06
… go to the toilet?  98.94 0.00 0.03 3.47 0.32 0.01
… wash your lower body? 37.41 0.00 0.01 14.03 0.00 0.02

Table 4.       Fit of the DIF items after the introduction of disease-specific 

                   parameters.

* mean absolute effect; the average mean deviation between the expected and the observed probability to be 
able to carry out the activity over 4 levels of the total test score.  
† group 1; (mainly) neurological patients (vascular medicine; stroke and peripheral vascular disease, Parkinson’s 
disease and neuromuscular disorders).
§ group 2; patients of internal medicine (pulmonary diseases, chronic pain, rheumatoid arthritis and geriatric 
patients).

Table 5.        Model fit and summary of the 7 analyses steps. 

1 0   0.352 0.161

2 4 78.2 8 0.186 0.161

3 9 56.2 10 0.188 0.165

4 15 34.4 12 0.219 0.162

5 16 10.2 2 0.223 0.163

6 17 3.1 2 0.221 0.164

7 18 2.8 2 0.228 0.162

Analysis Number of 
items splitted

Differences 
deviance

Difference df Mean theta ()† SE (mean theta 
())†

*log-likelihood multiplied by -2
†Mean and SE (mean) ability estimate of the (mainly) neurological patients. 



118 119

Chapter 8 The use of the ALDS item bank across diseases: differential item functioning

(8)  Holman R, Weisscher N, Glas CA et al. The Academic Medical Center Linear Disability Score (ALDS) item bank: 

 item response theory analysis in a mixed patient population. Health and Quality of Life Outcomes. 2005;3.

(9)  de Haan RJ, Vermeulen M, Holman R, Lindeboom R. Measuring the functional status of patients in clinical trials 

 using modern clinimetric methods[in Dutch]. Ned Tijdschr Geneeskd. 2002;146:606-611.

(10)  Holman R, Lindeboom R, Haan de R. Gender and age based differential item functioning in the AMC linear disability 

 score project. Quality of life newsletter. 2004;32:1-4.

(11)  Holman R, Lindeboom R, Glas CAW, Vermeulen M, Haan de RJ. Constructing an item bank using item response 

 theory; The AMC Linear Disability Score Project. Health Services and Outcomes Research Methodology. 2003;4:19-33.

(12)  Holman R, Glas CAW, Lindeboom R, Zwinderman AH, Haan de RJ. Practical methods for dealing with ‘not applicable’  

 item responses in the AMC Linear Disability Score project. Health Qual Life Outcomes. 2004;2.

(13)  Holman R, Glas CA. Modelling non-ignorable missing-data mechanisms with item response theory models. 

 British Journal of Mathematical and Statistical Psychology. 2004;0:1-18.

(14)  Holman R, Lindeboom R, Vermeulen M, Glas CAW, Haan de RJ. The Amsterdam Linear Disability Score (ALDS) 

 Project; The calibration of an item bank to measure functional status using item response theory. 

 Quality of life newsletter. 2001;27:4-5.

(15)  Holman R, Glas CA, de Haan RJ. Power analysis in randomized clinical trials based on item response theory. 

 Control Clin Trials. 2003;24:390-410.

(16)  Holman R, Lindeboom R, Vermeulen M, de Haan R. The AMC Linear Disability Score project in a population 

 requiring residential care: psychometric properties. Health and Quality of Life Outcomes. 2004;2:42.

(17)  Holland PW, Wainer H. Differential Item Functioning. Hillsdale, N.J.: Erlbaum; 1993.

(18)  Camilli G, Sheppard LA. Methods for Identifying Biased Test Items. Thousand Oaks, CA: Sage; 1994.

(19)  Tennant A, Penta M, Tesio L et al. Assessing and adjusting for cross-cultural validity of impairment and activity

 limitation scales through differential item functioning within the framework of the Rasch model: the PRO-ESOR 

 project. Med Care. 2004;42:I-37-48.

(20)  Glas CAW, Verhelst ND. Testing the Rasch model. In: Fischer GH, Molenaar IW, eds.  Rasch model. Their foundations,  

 recent developments and applications. New York: Springer; 1995:69-96.

(21)  Glas CAW. Detection of differential item functioning using Lagrange multiplier tests. Statistica Sinica. 1998;8:647-667.

(22)  Glas CAW, Suarez-Falcon JC. A comparison of item-fit statistics for the three-parameter logistic model. 

 Applied Psychological Measurement. 2003;27:87-106.

(23)  Holland PW, Thayer DT. Differential item functioning and the Mantel-Haenszel procedure. In: Wainer H, Braun HI, eds.  

 Test validity. Hillsdale, NJ: Lawrence Erlbaum Associates Inc.; 1988.

(24)  Swaminathan H, Rogers HJ. Detecting differential item functioning using logistic regression procedures. 

 Journal of Educational Measurement. 1990;27:361-370.

Usually, DIF is assessed using the Mantel-Haenszel procedure or a procedure based on logistic 

regression.23,24 In these methods, the patients’ total scores are used as a proxy for the latent varia-

ble. However, the calibration design used here consists of a highly complicated item administration 

design. Therefore, the data matrix consists of many structural missing data and total scores are not 

comparable. An alternative approach is using an index of model fit that is directly based on the IRT 

framework. 

After age and sex comparisons this was the third DIF analysis of the ALDS items. Next DIF analyses 

will concentrate on more detailed clinical indicators of DIF, namely patients with primarily impair-

ments in fine motor movement versus diseases with primarily lower limb movement disorders (i.e., 

the activity ‘tie one’s shoelaces’ is probably more difficult for patients with neuromuscular disorders 

than for patients with peripheral vascular diseases) and on cross-cultural differences, by comparing 

the present ALDS language versions (Dutch, English, French, Italian, and Spanish). Potential diffe-

rences between the measurement characteristics of the items for different groups of raters and for 

interview and self-report versions of the ALDS should also be examined.  

In conclusion, small DIF is present in a number of items from the ALDS item bank when comparing 

the item difficulties between mainly neurological patients versus patients from internal medicine. Ne-

vertheless, the DIF could be accounted for in a way DIF do not affect the disability estimates at all. 
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could also include an item like ‘running a mile’, but one can doubt if these types of items still belong 

to the disability continuum and are clinically useful. Another interpretation could be that patients who 

are able to ride a bike for over two hours report no disability at all, which implies it is not a ceiling 

effect of the ALDS item bank but the ‘ceiling’ of the disability construct. Even though the item bank 

showed no floor effect in our studies, one can imagine there are easier items than ‘put on and take 

off a T-shirt’, therefore the lower limit of the scale will be extended in further calibration stages.

Linearity 

An advantage of constructing item banks using IRT models is the placement of the items on a com-

mon hierarchical difficulty measure with linear measurement properties. This, in combination with 

the possibility to span the entire range of the disability continuum, produces a sensitive outcome 

scale to measure subtle functional health differences between patients and within patients in time. It 

should be mentioned that the central part of the scale is very well filled, with a high density of items. 

Items at the lower and upper end are more sparsely distributed with large gaps between adjacent 

items (Figure). This means that it is possible to estimate the functional status of patients in the mid-

dle of the scale very accurately, but that at both extremities of the scale less accurate estimates of 

disability status will be obtained. 

This thesis has examined aspects of measuring disability in clinical studies and more specifically 

the clinimetric properties of a new disability measure using an item response theory (IRT) based 

item bank. In this chapter the main findings will be briefly summarized and placed in a broader per-

spective of IRT. Special attention will be paid to the range of the disability continuum, the linearity 

of the AMC Linear Disability Score (ALDS) leading to a sensitive measurement of functional health. 

Furthermore issues of statistical power analysis, differential item functioning and (computer) adap-

tive testing will be discussed. The thesis concludes with some directions for future research.

 

Main findings

In Chapter 2 we examined the appropriateness of the disability concept in clinical efficacy studies. 

Subsequently, in Chapter 3, the ALDS was introduced and the psychometric properties of the items 

in a mixed population were presented. We concluded the ALDS item bank has promising measu-

rement characteristics in this patient population, but further clinimetric studies in other populations 

are needed. The latter recommendation is not only important from a psychometric point of view, but 

also from the perspective of further implementing the ALDS in clinical research. Although measures 

constructed with modern psychometric methods theoretically are superior to traditional measures, 

it is essential to investigate this advantage and its implications in practice.1 Therefore, Chapters 

4 to 6 focused on the measurement properties of the item bank in populations with rheumatoid 

arthritis, Parkinson’s disease and stroke. In addition, Chapter 7 examined the clinical meaning of 

dichotomizing an often used stroke outcome scale (reflecting ‘good’ versus ‘poor’ outcome), by 

calculating the patients’ average chance to perform certain ALDS items. Finally, if an item bank is to 

be used for various groups of patients, it is important to compare the metric behavior of the items in 

different groups of patients. In Chapter 8, we investigated the generic character of the ALDS item 

bank by comparing its measurement properties in subgroups of patients suffering from neurological 

diseases and diseases of internal medicine.  

Floor & Ceiling effects 

Most traditional instruments are either long and assess the whole disability continuum, or are short 

and assess only the lower end or the upper end of the continuum. There are also instruments which 

measure a wide range of the disability construct but these measures are less detailed. One goal of 

the ALDS project was to construct a detailed measure containing both basic activities of daily life 

as well as instrumental activities of daily life. As a result the item bank hardly showed a floor effect, 

however a small percentage patients reached the ceiling of the item bank. The most difficult item in 

the current item bank is ‘ride a bike for more than two hours’. To further reduce the ceiling effect we 

Carry a bag of shoppings upstairs

Travel by local bus or tram

Go to a restaurant

Go for a short walk

Pick something up from the floor

Get in and out of a car

Move between 2 dining chairs

Wash lower body

Put on and take off a T-shirt

No disability

Dead

Difficult

Easy

The narrow lines each represent an item; it is possible to consruct and calibrate new items to fill in the gaps.

Figure.         The 77 ALDS items on a hierarchical, linear scale.
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Differential item functioning

A potential problem using item banks, including the ALDS, in outcome assessment is differential 

item functioning (DIF). When comparing outcomes of the ALDS between patients groups, item 

characteristics of the ALDS should be consistent across groups. DIF occurs when people from dif-

ferent groups (commonly gender or age) with the same ability have a different probability to be able 

to carry out an activity. If DIF is ignored, inaccurate measurements are obtained and true differences 

between patient groups may be obscured and non-existent differences ‘created’. 

Due to the generic nature of the ALDS item bank and consequently, its application in a broad range 

of disorders it is important to examine DIF carefully. For example, one might argue that indoor mo-

bility activities might be relatively difficult for patients with primarily motor impairment, and relatively 

easy for patients without motor impairment. The same hold true for differences between sex and 

age (e.g., household tasks). Although, DIF probably exist in all outcome measures, IRT, in contrast 

to the classical test theory, gives the statistical opportunity to test the presence of DIF, to evaluate 

the impact, and to model DIF. 

In the current ALDS item bank 11 items with different measurement properties for men and women 

as well as older and younger respondents have been removed from the instrument. An alternative 

approach could have been to include these differences in the ALDS item bank by using gender and 

age dependent ‘weights’ or difficulty parameters for such items. For clarity, gender and age specific 

items were not preferred. In the latter part of this thesis we showed a new DIF analysis by contras-

ting patients suffering from (mainly) neurological diseases and patients with diseases of internal 

medicine. Eighteen of the 72 ALDS items had statistical significant DIF. Nevertheless, the DIF could 

Another possibility to construct an even more sensitive item bank could be accomplished by using 

categorical response options, which are known to be more informative and responsive.2 At present 

the response options to the ALDS items are; ‘can carry out the activity’, ‘can carry out, but with 

difficulty’, and ‘cannot carry out the activity’. The option ‘with difficulty’ has been added since di-

chotomous rating scales are disliked by some respondents as they are perceived as too restrictive. 

Nevertheless, using a dichotomous IRT model, the present scoring of the ALDS is based on two 

response categories: (the responses ‘can’ and ‘can carry out, but with difficulty’ are analyzed as one 

response category). It has been shown that this dichotomized scoring approach maximizes the re-

producibility of scoring between two time points and interviewers, increases clinical interpretability3 

and is easier to manage and comprehend in adaptive testing.4 However, inter-item correlations are 

lower and skewed score distributions are more common.2 There is no clear consensus which score 

method is best, especially in patients at the ceiling and floor of the ability continuum, the sensitivity 

of the item bank might be improved by calibrating the items using the graded response model.5 

This model is an extension of the two-parameter logistic model used to calibrate the current item 

bank, and is appropriate to use when item responses can be characterized as ordered categorical 

responses.

Sample size, number of items and statistical power 

Since linear measures are more sensitive compared to the classic ordinal or quasi-interval instru-

ments, it is argued that IRT based item banks have more statistical power to detect treatment 

effects than traditional outcome scales.6 Although this argument seems reasonable, it is not per de-

finition necessarily true. For example, in general, to detect an effect size of 0.20, 0.50 or 0.80 using 

a t-test with a 5% two-sided significance level and a power of 80%, it is required to include 394, 64 

or 26 patients respectively in each treatment arm of a clinical trial. A simulation study of our research 

group, however, showed that 450, 90 and 40 patients are required in each arm to detect the same 

effects using 50 items and IRT (Table).7 The main reason for these differences between these figures 

is that when a t-test is used, it is assumed that the outcome parameter of interest can be measured 

directly and without error, whereas IRT takes into account that a latent variable (e.g., disability sta-

tus) cannot be measured without error. On the other hand, compared to traditional outcome scales, 

IRT instruments make a statistical power analysis more flexible as the number of patients required 

in a trial to demonstrate a given effect size also depends on the number if items used. Moreover, 

we demonstrated that the power of a study can be increased further when a selection of items is 

tailored by clinicians to the target population.8 

Table.          Number of patients required in each arm of a clinical trial to demonstrate

                   a given effect size at the two-sided 5% level with 80% power.

Effect 

size 5 10 20 50 100 ∞*

0.2 950 680 500 450 440 394

0.5 160 125 95 90 87 64

0.8 70 50 45 40 39 26

Number of items used

*Theoretically measuring without error.
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of patients’ responses to previously administered items. CAT targets the difficulty of items to the 

level of disability of the patient that is assessed and patients need only answer a limited number of 

items in order to obtain a measure that accurately estimates what would have been obtained had 

the entire item set been administered. This practical approach also gives physicians and nurses the 

opportunity to monitor their patient’s level of disability in their daily clinical practice. 

Future research

At present data of approximately 6000 patients with a wide variety of diseases of 35 different clinical 

studies is available in the ALDS database. All studies are using three response options and many of 

those studies included additional (to be calibrated) items as well. In the coming calibration phase of 

the ALDS the lower limit of the scale will be extended and the item density around the extremities 

will be increased. 

Furthermore, additional analyses will be performed using the graded response model to decide if 

scoring categorical response options gives a surplus value in terms of clinical information and score 

interpretation. Subsequently, using such a model, the floor and ceiling effects can be investigated 

in more detail. Although, the ALDS showed less of a ceiling effect compared to other often used 

disability scales in the described disorders, these results must be interpreted with caution. Floor and 

ceiling effects were demonstrated by presenting the percentage patients that reached a minimum 

or maximum score, which is a quite simple approach. An alternative and more sensitive approach 

could be, for example, the use of Shannon’s indices. These indices incorporate the frequency dis-

tribution across all categories of an instrument and not just the highest and lowest categories. In 

an item where a response option has a very high (or low) endorsement, e.g., more than 95% of the 

patients are able to carry out a certain activity, there is very little information being transmitted.11

Further implementation of the ALDS should proceed by comparing the clinimetric properties of the 

item bank with the most often used disability scales in peripheral vascular surgery patients, neuro-

muscular disorders and pulmonary diseases. Finally, new DIF analysis should also focus on cross-

cultural differences by comparing the present ALDS language versions (Dutch, English, French, 

Italian, and Spanish), and by contrasting measurements on base of interview by doctors, nurses or 

paramedics on the one hand and patient self-reports on the other. 

To conclude

This thesis showed promising results using the IRT based ALDS item bank in clinical research. The 

be accounted for so that DIF did not affect the disability estimates of both groups. Therefore, no 

adjustment in terms of removing items is required. 

Although, our analysis across a wide range of diseases showed some DIF, the question remains 

how much DIF is acceptable? If we compare the estimated disability level between the two groups 

studied not accounting for DIF, small differences in the estimated disability level exist (a difference 

of 0.12 logit, which corresponds with less than two points on the 0 to 100 linear transformed ALDS 

scale). If we want to use the ALDS in epidemiologic studies explicitly focusing on comparison of 

diseases groups between medical specialties it may be advisable to model DIF using disease-

specific item parameters to increase the measurement precision. Further, in Chapter 8 it can be 

seen that the direction of the differences of the item difficulty parameters of the two groups were 

evenly distributed. That is, some of the items are more difficult for one group and some of the items 

are more difficult for the other group. Further, the differences in the discrimination parameters were 

usually not significant. Therefore, the items for an outcome measure can be selected is such a way 

that the effects of DIF may cancel (this is in line with the approach chosen by many large-scale 

educational assessments). At present, in clinical research within patients groups, there is no need 

to modify the item parameters presented in this thesis as the relatively small DIF identified in these 

subgroups has no clinical significance. 

Adaptive testing

On several occasions we have stressed that IRT is superior to classical test theory because it 

can eliminate test dependency and achieve more precise measurement through adaptive testing. 

Adaptive testing reduces test administration times and allows varied and precise estimates of ability, 

because each ‘test’ is tailored to the unique ability level of each respondent. If a respondent can-

not walk one block, it is not essential to ask whether he or she can walk a mile. Instead, it is asked 

whether the respondent can walk across a room. The test burden of patients can thus be highly 

reduced. Additionally, pre-test, post-tests and follow-up tests no longer have to consist of the same 

items, challenging respondents at their ability level instead of having an annoying or discouraging ef-

fect. With adaptive algorithms, where every patient answers a different set of questions with different 

severity, it is showed that a selection of a small set of items is sufficient to have unbiased estimates 

of the scores obtained using the total set of items.1 

A large incentive for the construction of IRT based item banks in clinical research is the possibility 

of computer adaptive testing (CAT).9,10 In the further development phase of the ALDS high priority 

should therefore be given to the development of an ALDS website. On this website an easy to use 

CAT program should be implemented. With CAT, items are selected from an item bank on the basis 
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challenge of the studies included in this thesis was bringing IRT and adaptive testing to the clinical 

setting. No matter how superior IRT is compared to the well-known classical test theory, it is im-

portant IRT does not become a ‘black box’ for clinicians, since they have to interpret the provided 

outcomes in clinical research and practice. The ALDS item bank will be improved further as new 

items are added from studies and assessments are fully (web based) computer adaptive. Combined 

with other merits of IRT based item banks it is expected that this technique gradually will suppress 

the very large number old classical constructed paper and pencil questionnaires.
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and are primarily directed at reducing impairments. Patient’s impairments are better reflected in 

disability measures than in HRQL instruments. Therefore we conclude that to assess the efficacy of 

a new treatment, disability is an important functional endpoint in clinical studies.

Chapter 3 describes the development of the AMC Linear Disability Score (ALDS) item bank, using 

IRT in a mixed patient population. Of 170 items, 115 were judged to be clinically relevant. Of these 

115 items, 77 were retained in the item bank following the item response theory analysis. Of the 38 

items that were excluded from the item bank, 24 had either been presented to fewer than 200 res-

pondents or had fewer than 10% or more than 90% of responses in the category ‘can carry out’. A 

further 11 items had different measurement properties for younger and older or for male and female 

respondents. Finally, 3 items were excluded because the item response theory model did not fit the 

data. The results showed the ALDS item bank has promising measurement characteristics. 

Chapter 4 provides the results of a clinimetric evaluation the ALDS item bank in a population of 

rheumatoid arthritis (RA) patients. Hundred twenty nine patients completed the ALDS and Health 

Assessment Questionnaire Disability Index (HAQ-DI) at baseline, and after 8 and 16 weeks of anti-

TNF-a treatment. Disease activity assessments at these time points included serum levels of C-

reactive protein (CRP), Disease Activity Score 28 (DAS28), morning stiffness and visual analogue 

scales for global disease activity and fatigue. Reliability of the ALDS was good (Cronbach’s a = 0.95; 

ICC = 0.93). The ALDS results at baseline were strongly correlated with the HAQ-DI (r = 0.73). Both 

instruments discriminated between higher and lower disease activity (p < 0.01) and between non-, 

moderate and good responders (p < 0.01), indicating that both instruments differentiate between 

groups of patients with various severity of disease. The ALDS was moderate to highly responsive 

to change between baseline, and after 8 weeks and 16 weeks of treatment. No substantial floor or 

ceiling effects were found. These results showed that the ALDS is a promising new instrument, with 

at least equivalent psychometric properties compared to the HAQ-DI. An advantage of the ALDS 

item bank over the HAQ-DI is its linear character and that the item bank can be used adaptively 

depending on the ability level of the patient. 

The first part of Chapter 5 describes 132 patients with newly diagnosed Parkinson’s disease (PD). 

Neurological impairments were evaluated using the Hoehn & Yahr (H&Y) disease staging scale and 

the Unified Parkinson’s Disease Rating Scale (UPDRS) motor examination. The Schwab & England 

scale (S&E) and ALDS were used to assess disability status. HRQL was measured with the Short 

Form-36 and the Parkinson’s Disease Quality of Life Questionnaire. The internal consistency relia-

bility of the ALDS was good (Cronbach’s a = 0.95), with 55 items extending the sufficient item-total 

correlation criterion (r > 0.20). The ALDS was correlated with other disability measures (r = 0.50 

– 0.63) and decreasingly associated with measures reflecting impairments (r = 0.36 – 0.37) and 

mental health (r = 0.23 – -0.01). The ALDS indicated that patients with more severe PD (H&Y stage 

The efficacy of medical interventions is preferably measured using objective physiological parame-

ters, for example blood pressure or MRI scan. These parameters can be measured accurately and 

reliable, and results are expressed in well-known and concrete units (mm/HG, lesion size). However, 

these parameters do not tell the whole story about how the disease process affects patients and 

their life. Since these limitations are recognized, interest has moved towards more patient-relevant 

outcomes to determine the efficacy of medical interventions in clinical research. 

In order to structure and describe disease outcomes in a systematic and hierarchical manner the 

World Health Organization developed the International Classification of Impairments, Disabilities, 

and Handicaps (ICIDH, in 2001 replaced by the International Classification of Functioning, Disability 

and Health (ICF)). The domains contained in the ICIDH can be seen as health-related domains and 

distinguishes impairment, disability (or activity) and handicap (or participation). The last decades 

also a strong accent lies on the health-related quality of life (HRQL) model; this model emphasizes 

the subjective health perception of the patient. 

This thesis focus on the disability level defined as activities of daily life (ADL). The ability to carry 

out ADL is necessary for independent living in society or to live in an appropriate care setting. For 

example, dress and bathe, eating, mobility in and around the house, and light household tasks. 

Many generic and disease-specific disability measures were developed using fixed-length question-

naires. Responses to all items on a scale are required to calculate a sum score. Recently, interest 

moved to a modern psychometric method, the item response theory (IRT). This theory is adapted 

from educational measurement to determine the cognitive ability of schoolchildren (the so-called 

CITO-toets in the Netherlands). Typical of this method is the possibility to measure the same cogni-

tive ability every year, even though the specific questions differ each year. This is possible because 

the questions are adapted from a calibrated item bank; a collection of items which measure the 

whole range of the underlying ability (cognitive functioning, disability status) and of each item the 

psychometric properties are known. 

Chapter 2 of this thesis showed the results of a systematic review investigating the interchange-

ability of disability and HRQL measures. Thirty one studies investigating the relation between the 

patient’s impairment level and disability status as well as the relation between the impairment level 

and HRQL were included. Meta-analytic results revealed that patient’s impairments were higher 

correlated with disability measures (pooled ES(z) = 0.69) than with HRQL measures (pooled ES (z) 

= 0.38). The physical component score (pooled ES(z) = 0.43) and disease-specific HRQL (pooled 

ES(z) = 0.46) were stronger associated with impairments than the mental component score (pooled 

ES(z) = 0.28) and generic HRQL measures (pooled ES(z) = 0.36). The results of this study showed 

that measures of disability and various HRQL domains were not equally related to impairment. New 

drugs, new surgical or radiological interventions are developed from a pathophysiologic perspective 
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ability to perform outdoor activities mRs 0-1 should be chosen. If complex ADL is also considered 

as good outcome mRs 0-2 should be the dichotomization of choice. However, independent of 

which cutoff point will be chosen, the treatment effect in clinical trials must be large before good 

outcome is achieved. Therefore, it is likely that clinical important treatment effects can be missed in 

clinical trials with both these mRs endpoints.

When comparing outcomes of the ALDS between patients groups, the psychometric properties of 

the ALDS items should be consistent across groups of patients. IRT methods provide an ideal basis 

for assessing differential item functioning (DIF), defined as different probabilities of endorsing an item 

by respondents from two groups who are equal on the disability level. To examine the generic pur-

pose of the ALDS item bank Chapter 8 provides such a DIF analysis. A cross-sectional, multi-centre 

study include 1283 in- and outpatients with a variety of diseases. The sample was divided in; 1) 

mainly neurological patients (vascular medicine, Parkinson’s disease, and neuromuscular diseases) 

and 2) patients from internal medicine (pulmonary diseases, chronic pain, rheumatoid arthritis, and 

geriatric patients). DIF was present in 18 items from the ALDS item bank when comparing the item 

difficulties between the two groups. We showed that the DIF was small and could effectively be mo-

deled such that the ensemble of the items comprised a scale applicable in both groups. Therefore, 

no adjustment in terms of removing the concerning items is required. 

In Chapter 9 the main findings are discussed briefly. The strengths and limitations of using IRT 

based methods in general, and the ALDS item bank specifically, in patient-oriented research is ad-

dressed. Finally, suggestions regarding the desired direction of the ALDS item bank in future clinical 

research are given.

3) were more disabled than patients with mild (H&Y stage 1) or moderate PD (H&Y stage 2) (p < 

0.01). Additionally, the ALDS discriminated between patients with more or less severe extrapyrami-

dal symptoms (p < 0.01) and patients with and without postural instability (p < 0.01). Compared to 

the S&E (19%), the ALDS showed less of a ceiling effect (5%). We concluded the ALDS is a flexible, 

feasible and clinimetrically promising instrument to assess the level of disability in newly diagnosed 

PD patients.

Part 2 of Chapter 5 extends the results described above by comparing the ALDS item bank with 

the most often used disability scale in PD: the ALD part of the UPDRS. Both scales turned out to 

be able to discriminate between patients with more or less severe extrapyramidal symptoms (p < 

0.01) and patients with or without postural instability (p < 0.01). However, in contrast to the ALDS 

(p < 0.01), the UPDRS-ADL could not distinguish patients with moderate (H&Y stage 2) or severe 

(H&Y stage) PD (p = 0.59).

Chapter 6 showed the results of a clinimetric evaluation of the ALDS in the acute phase of strokes 

as well as six months post stroke. At admission and discharge 213 stroke patients were evaluated 

using the NIH Stroke Scale, Barthel Index (BI), modified Rankin scale (mRs) and the ALDS. After 

six months the mRs and different subsets of ALDS items were assessed by telephone. The internal 

consistency (range Cronbach’s a = 0.90 – 0.93) and test-retest reliability (ICC = 0.85) of the ALDS 

was good. The ALDS was highly correlated with other disability measures (r = 0.75 - 0.89) and less 

with the stroke scale (r = 0.32). The mean ALDS scores were significantly different between ische-

mic or hemorrhagic strokes (p = 0.008), and between mild, moderate or severe stroke at hospital 

admission (p < 0.01). Disability level based on the ALDS improved significantly over time (p < 0.01), 

whereas the responsiveness of the ALDS was moderate to large (Cohen’s d effect size = 0.77 – 

0.83). Distribution of the ALDS and BI scores for each mRs levels showed the increased sensitivity 

of the ALDS over the BI at the lower levels of disability. The results of this study showed that the use 

of different subsets of items from the ALDS item bank had good clinimetric properties in the acute 

phase of strokes as well as later after stroke without floor or ceiling effects.

Chapter 7 presents the results of a study investigating the clinical meaning of the modified Rankin 

scale (mRs) score. Good outcome in stroke trials is generally defined as a mRs score of 0-1 or 0-2. 

A sample of 152 patients was assessed six months post stroke with the mRs and the ALDS. The 

mean probability to perform a selection of ALDS items per mRs grade and per type of dichotomi-

zation (0-1 or 0-2) was calculated. The ability to perform difficult ALDS items declined gradual with 

increasing mRs grade. When favorable outcome is defined as mRs 0-1, 15% of the cohort has a 

good outcome; of these patients 84% were likely to perform outdoor activities. If good outcome 

is defined as mRs 0-2, the percentage of patients with good outcome increased to 37%, whereas 

66% of these patients were likely to perform outdoor activities. If good outcome is defined as the 
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leven onderzochten. De metanalyse liet zien dat de correlatie tussen stoornissen en beperkingen 

hoger was (gepoolde ES(z) = 0.69) dan de correlatie tussen stoornissen en gezondheid-gerela-

teerde kwaliteit van leven (gepoolde ES(z) = 0.38). De fysieke component van kwaliteit van leven 

(gepoolde ES(z) = 0.43) en de ziektespecifieke kwaliteit van leven (gepoolde ES(z) = 0.46) waren 

daarentegen sterker gecorreleerd met het stoornissenniveau dan de mentale component (gepoolde 

ES(z) = 0.28) en de generieke kwaliteit van leven maten (gepoolde ES(z) = 0.36). Beperkingen scha-

len en de verschillende componenten van gezondheid-gerelateerde kwaliteit van leven waren niet 

gelijk gerelateerd aan het stoornisniveau. Nieuwe therapieën of medicamenten worden ontwikkeld 

vanuit een pathofysiologisch oogpunt en zijn daardoor voornamelijk gericht op het terugdringen van 

de stoornis. De resultaten lieten zien dat het stoornisniveau beter wordt weergegeven in het beper-

kingen niveau van de patiënt dan in de mate van kwaliteit van leven, daarom concludeerden wij dat 

het domein beperkingen een belangrijke primaire uitkomst is in klinische studies. 

In hoofdstuk 3 wordt de ontwikkeling van de AMC Linear Disability Score (ALDS) itembank in een 

heterogene patiëntenpopulatie beschreven. Van totaal 170 items werden 115 items beoordeeld 

als klinisch relevant. Van deze 115 items konden volgens de IRT analyse 77 items in de itembank 

behouden worden. Van de 38 geëxcludeerde items waren er 24 aan minder dan 200 respondenten 

voorgelegd of had minder dan 10% of meer dan 90% geantwoord met ‘kan wel’. Elf items hadden 

verschillende meeteigenschappen voor jongere en oudere of voor mannelijke en vrouwelijke respon-

denten. Tot slot, werden er 3 items geëxcludeerd omdat het IRT model niet paste met de data. De 

resultaten lieten zien dat de itembank over goede psychometrische eigenschappen beschikt. 

De klinimetrische eigenschappen van de ALDS itembank bij 129 patiënten met reumatoïde artritis 

(RA) worden beschreven in hoofdstuk 4. De ALDS items en een veelgebruikte beperkingenschaal 

bij RA patiënten, de Health Assessment Questionnaire Disability Index (HAQ-DI) werden vastgelegd 

bij het begin van het onderzoek, na 8 weken en na 16 weken behandeling met anti-TNF-a. De 

activiteit van de ziekte werd op deze drie tijdstippen bepaald met het C-reactive proteïne (CRP), 

de Disease Activity Score 28 (DAS28), mate van ochtendstijfheid en visueel analoge schalen voor 

globale ziekte activiteit en vermoeidheid. De betrouwbaarheid van de ALDS (Cronbach’s a = 0.95; 

ICC = 0.93 ) en de correlatie tussen de ALDS en de HAQ-DI (r = 0.73) was goed. Beide instrumen-

ten discrimineerden goed tussen patiënten met meer en minder activiteit van de ziekte (p < 0.01) 

en tussen patiënten die niet, gemiddeld of goed reageerden op therapie met anti-TNF-a (p < 0.01). 

De ALDS bleek voldoende gevoelig te zijn om veranderingen van de gezondheid te detecteren. 

Ook werden er geen belangrijke plafond of bodem effecten waargenomen. Kortom, de resultaten 

lieten zien dat de ALDS op zijn minst gelijke klinimetrische eigenschappen heeft vergeleken met de 

‘gouden standaard’ de HAQ-DI. Een voordeel van de ALDS ten opzichte van de HAQ-DI, is het line-

aire karakter en de mogelijkheid adaptief te kunnen testen, dat wil zeggen dat ALDS items kunnen 

worden voorgelegd die afgestemd zijn op het beperkingen niveau van de patiënt.

De effectiviteit van een medische interventie wordt in het patiëntgebonden onderzoek bij voorkeur 

afgemeten aan de hand van objectieve fysiologische uitkomstmaten, zoals een bloeddrukmeting 

of een MRI scan. Deze maten zijn observeerbaar en betrouwbaar en bovendien kunnen de onder-

zoeksbevindingen worden uitgedrukt in bekende en direct interpreteerbare meeteenheden (mm/

HG, grootte van laesies). De laatste jaren is men echter gaan inzien dat aan deze maten ook een be-

langrijk bezwaar kleeft. Deze uitkomsten zeggen namelijk weinig over hoe het met de patiënt gaat. 

In het klinisch onderzoek is een ontwikkeling zichtbaar waarin de werkzaamheid van een interventie 

(mede) wordt bepaald aan de hand van patiëntrelevante uitkomstmaten. 

De International Classification of Impairments, Disability, and Handicaps (ICIDH, in 2001 vervangen 

door de International Classification of Functioning, Disability and Health (ICF)) van de Wereldgezond-

heidsorganisatie is een classificatiesysteem dat gezondheidsuitkomsten op een gestructureerde en 

hiërarchische wijze ordent. Daarbij wordt onderscheid gemaakt tussen drie soorten uitkomsten: 

stoornis, beperking (of activiteit) en handicap (participatie). In uitkomstmetingen wordt vaak ook 

gebruik gemaakt van het gezondheid-gerelateerde kwaliteit van leven model, in dit model ligt de 

nadruk vooral op het subjectief welbevinden van de patiënt. 

 

Dit proefschrift richt zich op het beperkingen niveau van de patiënt, gedefinieerd in termen van 

Activiteiten van het Dagelijks Leven (ADL). Deze activiteiten zijn belangrijke randvoorwaarden om 

zelfstandig in de maatschappij te kunnen functioneren of in een geschikte zorgomgeving te kun-

nen wonen. Voorbeelden zijn wassen en aankleden, eten, mobiliteit in en buiten het huis en huis-

houdelijke taken. Er zijn vele generieke en ziektespecifieke beperkingenmaten ontwikkeld door 

middel van vragenlijsten waarin een van tevoren gedefinieerd aantal vragen is opgenomen. De 

totaalscore van de patiënt wordt verkregen door de scores op de afzonderlijke vragen op te tellen. 

Tegenwoordig hebben onderzoekers meer en meer belangstelling voor een andere psychometri-

sche benadering, de item response theorie (IRT). De IRT is een statistische methode ontwikkeld 

vanuit de onderwijskunde voor de beoordeling van cognitieve vaardigheden van kinderen in het 

basisonderwijs (de CITO toets). Karakteristiek voor deze methode is dat de vaardigheden van jaar 

tot jaar onderling met elkaar vergeleken kunnen worden, ook al bevatten de toetsen telkens an-

dere vragen. Dit is mogelijk omdat de opgaven afkomstig zijn uit een zogenaamde ‘gekalibreerde 

itembank’, een verzameling van vragen die het gehele bereik van het te meten begrip (cognitieve 

vaardigheid, beperkingen niveau) weerspiegelt en van alle vragen in de itembank zijn de individuele 

meeteigenschappen bekend.

In hoofdstuk 2 van dit proefschrift is aan de hand van een systematisch literatuuronderzoek na-

gegaan of de uitkomsten ‘beperkingen’ en ‘gezondheid-gerelateerde kwaliteit van leven’ onderling 

inwisselbaar zijn. In totaal werden er 31 studies geïncludeerd die zowel de relatie tussen het stoor-

nisniveau en beperkingen als tussen het stoornisniveau en gezondheid-gerelateerde kwaliteit van 
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Geconcludeerd werd dat verschillende itemsets van de ALDS itembank goede klinimetrische ei-

genschappen hebben in zowel de acute als chronische fase van een beroerte, zonder substantiële 

plafond of bodem effecten. 

In hoofdstuk 7 worden de resultaten gepresenteerd van een onderzoek naar de klinische bete-

kenis van de gemodificeerde Rankin schaal (mRs) scores. Een “goede uitkomst” in stroke trials 

wordt meestal gedefinieerd als een mRs score van 0-1 of 0-2. Om de betekenis van deze twee 

dichotomieën klinisch beter te kunnen duiden werden 152 patiënten die zes maanden daarvoor 

een beroerte hadden doorgemaakt geëvalueerd met de ALDS en de mRs. Per mRs score en voor 

beide dichotomieën werd de gemiddelde kans op het kunnen uitvoeren van een selectie van ALDS 

items berekend. De vaardigheid om moeilijke ALDS items te kunnen uitvoeren nam af per mRs ca-

tegorie. Indien een “goede uitkomst” werd gedefinieerd als mRs 0-1, had 15% van de patiënten een 

goede uitkomst, van deze patiënten was 84% vaardig genoeg om buitenshuis activiteiten te kunnen 

uitvoeren. Wanneer een “goede uitkomst” werd gedefinieerd als mRs 0-2, steeg het percentage 

patiënten met een goede uitkomst naar 37%. Van deze patiënten was 66% vaardig genoeg om 

buitenshuis activiteiten te kunnen uitvoeren. Als de te onderzoeken behandeling een dusdanig groot 

effect beoogt te bewerkstelligen dat patiënten vrijwel geen beperkingen meer zullen hebben, is de 

mRs 0-1 de te prefereren uitkomstmaat. Als het kunnen uitvoeren van meer complexe ADL taken 

ook als goede uitkomst wordt gezien, dan kan beter worden gekozen voor de mRs 0-2 categorie. 

Hoe dan ook, het therapeutisch behandeleffect in een klinische trial zal groot moeten zijn om deze 

te kunnen detecteren. Kleinere, maar klinisch relevante effecten kunnen worden gemist met een 

gedichtomeerde Rankin schaal.

Indien de ALDS gebruikt wordt om verschillende patiënten groepen met elkaar te vergelijken, 

moeten de psychometrische eigenschappen van de items overeenkomen bij deze groepen. De 

IRT methode is uitermate geschikt om zogenaamd differentieel item functioneren (DIF) te on-

derzoeken. Dit betekent dat patiënten met hetzelfde beperkingenniveau maar uit verschillende 

subgroepen verschillende kansen hebben op het kunnen uitvoeren van een activiteit. Om het 

generieke karakter van de ALDS itembank te onderzoeken is in hoofdstuk 8 een DIF analyse 

uitgevoerd. Een cross-sectioneel, multi-center onderzoek includeerde 1283 klinische en polikli-

nische patiënten met verschillende aandoeningen. De onderzoekspopualtie werd ingedeeld in 2 

groepen; 1) voornamelijk neurologische patiënten (vasculaire aandoeningen, ziekte van Parkin-

son, en neuromusculaire aandoeningen) en 2) patiënten van de interne geneeskunde (longziekten, 

chronische pijn, reumatoïde artritis en geriatrische patiënten). Achttien items vertoonde statistisch 

significante DIF wanneer de moeilijkheisparameters van de items werden vergeleken tussen de 

twee groepen. Echter, de DIF was gering en kon effectief gemodelleerd worden zodat de items 

toepasbaar blijven in beide groepen. Het is niet noodzakelijk om de betreffende items uit de item-

bank te verwijderen.

In het eerste deel van hoofdstuk 5 worden 132 nieuw gediagnosticeerde patiënten met de ziekte 

van Parkinson beschreven. Neurologische stoornissen (ziektestadium en motoriek) werden gescoord 

met respectievelijk de Hoehn & Yahr (H&Y) en het motorische gedeelte van de Unified Parkinson’s 

Disease Rating Scale (UPDRS). Met de Schwab & England schaal (S&E) en de ALDS werden de 

beperkingen vastgesteld. De kwaliteit van leven werd gemeten met de Short Form-36 en de Parkin-

son’s Disease Quality of Life Questionnaire. De interne consistentie van de ALDS was goed (Cron-

bach’s a = 0.95), 55 van de in totaal 77 items lieten voldoende correlatie zien met de totaal score (r 

> 0.20). De ALDS correleerde met andere beperkingen schalen (r = 0.50 – 0.63) en had afnemende 

correlatiepatronen met de schaalscores die de stoornissen (r = 0.36 – 0.37) en mentale gezondheid 

weergeven (r = 0.23 – -0.01). De ALDS scores discrimineerde tussen patiënten met ernstige (H&Y 

score 3), matige (H&Y score 2) en lichte (H&Y score 1) Parkinson symptomen (p < 0.01). Tevens 

discrimineerde de ALDS tussen patiënten met meer of minder ernstige extrapiramidale symptomen 

(p < 0.01) en patiënten met en zonder een balansstoornis (p < 0.01). Vergeleken met de S&E (19%) 

bereikte een lager percentage patiënten (5%) het score plafond. Aan de hand van deze resultaten 

werd geconcludeerd dat de ALDS een flexibel, praktisch en klinimetrisch veelbelovend instrument is 

om het beperkingen niveau van nieuw gediagnosticeerde Parkinson patiënten te meten 

In deel 2 van hoofdstuk 5 zijn de bovengenoemde resultaten aangevuld met een vergelijking tus-

sen de ALDS itembank en de meest gebruikte beperkingenschaal bij patiënten met de ziekte van 

Parkinson: het ADL gedeelte van de UPDRS. Beide schalen konden een onderscheid maken tus-

sen patiënten met meer of minder ernstige extrapiramidale symptomen (p < 0.01) en patiënten met 

of zonder balansstoornissen (p < 0.01). In tegenstelling tot de ALDS bleek de UPDRS-ADL niet in 

staat te zijn een onderscheid te maken tussen patiënten met matige (H&Y score 2) of ernstige (H&Y 

score 3) Parkinson (p = 0.59). 

In hoofdstuk 6 worden de klinimetrische eigenschappen van de ALDS onderzocht bij patiënten in 

zowel de acute fase van een beroerte als zes maanden daarna. Zowel bij ziekenhuisopname als bij 

ontslag werden bij 213 patiënten de NIH Stroke schaal, de Barthel Index (BI), de gemodificeerde 

Rankin schaal (mRs) en een set ALDS items afgenomen. Zes maanden na de beroerte werden de 

mRs en verschillende ALDS itemsets telefonisch afgenomen. De interne consistentie (range Cron-

bach’s a = 0.90 – 0.93) op alle meetmomenten en de test-hertest betrouwbaarheid (ICC = 0.85) 

was goed. De correlatie tussen de ALDS en andere beperkingen schalen was hoog (r = 0.75 - 0.89), 

de correlatie met de stoornis schaal was lager (r = 0.32). De gemiddelde ALDS scores bij opname 

waren significant verschillend tussen patiënten met een infarct of bloeding (p = 0.008), en tussen 

licht, gemiddeld en ernstig aangedane patiënten (p < 0.01). Het beperkingen niveau gemeten met 

de ALDS verbeterde significant over de tijd (p < 0.01), en de responsiviteit was gemiddeld tot hoog 

(Cohen’s d effect size = 0.77 – 0.83). Een vergelijking van de verdeling van ALDS en BI scores per 

mRs score lieten, een grotere gevoeligheid van de ALDS zien bij de minder beperkte patiënten. 



140 141

A p p e n d i x  1

A pract ica l  gu ide l ine 
to the ALDS i tem bank

Tenslotte worden in hoofdstuk 9 de belangrijkste bevinden samengevat, enkele voor- en nadelen 

van het gebruik van de item response theorie in het algemeen en de ALDS in het bijzonder in patiënt-

gebonden onderzoek worden besproken en worden suggesties gedaan aangaande de gewenste 

koers van de ALDS in toekomstig klinisch onderzoek.
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Appendix 1 A practical guideline to the ALDS item bank

the current item bank, 77 items fitted the IRT model2, the ADL items are hierarchically ordered from 

simple to complex activities. These items cover a wide range of activities, ranging from eating, bed 

to chair transfer, self-care, to light household task, running and travelling. In general, the ALDS is a 

generic, non-disease specific, item bank.

Assessment and scoring

The ALDS can be self-administered, but can also be give face-to-face in a clinical setting or in a 

telephone interview format by trained clinical assessors (nurses or different paramedic disciplines). 

Patients find the ALDS items entirely self-explanatory and clarifications are seldom required. Ap-

proximately 20 items from the 77 item bank are needed to estimate the underlying ability level.3 The 

respondents are asked whether they are able to carry out a given activity at the present time. Three 

scoring categories are used:

	 •		‘I	cannot	carry	out	the	activity’

	 •		‘I	can	carry	out	the	activity’	(with	or	without	difficulty)	

	 •		‘not	applicable’

Patients are asked to rate if they are able to carry out the activities at this moment as they would 

at home or in their own area. When the patient is able to perform the activity independent, without 

any help from anybody else, the response ‘I can’ is recorded. Aids or devices are allowed. A ‘can-

not’ score is given if the activity is physically or cognitively not possible irrespective of the underlying 

cause, when the performance of the activity results in unacceptable symptoms for the respondent 

(e.g., pain, shortness of breath) or when help of others is needed to carry out the activity. If patients 

had never had the opportunity to experience an activity a ‘not applicable’ response is recorded. 

Responses in the category ‘not applicable’ are treated in the statistical phase as if the individual 

items had not been presented to the individual respondent.8 If subjects are unable to respond due 

to cognitive problems, a significant other or caregiver can be interviewed on there behalf.

Interpretation of the ALDS scores

Administering all 77 ADL items to all subjects would be highly inefficient. Since IRT centers on the 

measurement properties of individual items, rather than the instrument as a whole, it is not essential 

for all respondents to be examined using all items. Hence, the essence of an IRT item bank is that 

the included items have met the assumptions of an IRT measurement model, and that allows its 

users to compare disability outcomes measured by different item sets selected from the item bank. 

Evidently, for each patient the probability to be able to perform all 77 items from the item bank can 

also be estimated using IRT analysis.

Background

The disability status of patients is often described in terms of their ability to carry out basic activities 

of daily life (ADL) in terms of mobility and self-care or instrumental ADL such as housekeeping and 

shopping. Over the years numerous generic and disease-specific disability instruments have been 

developed, for example the Barthel Index, the Sickness Impact Profile or the Stanford Health Out-

come Questionnaire. 

Most of these instruments are multi-item questionnaires, adding up individual item scores to a sum 

score. A disadvantage of this summated approach is that all items have to be presented to all pa-

tients to calculate a total score. Moreover, since sum scores are dependent on the items included 

in the instrument, it is difficult to compare scores obtained on different instruments, even if they 

measure the same health concept. 

Recently, interest in item response theory (IRT) techniques has grown as an alternative method to 

the sum score approach. IRT measures at the item level, in contrast to sum score methods, which 

are based on the whole instrument. There are a number of advantages to the use of IRT in clinical 

measurement. One of the most exciting is the implementation of an adaptive testing procedure; in 

which more difficult ADL items (e.g., ‘walk for more than 15 minutes’) are presented to less disabled 

patients and easier items (e.g., ‘get out of bed’) to more severely impaired patients. Hence, the 

estimates of disability level will be detailed and completely comparable, even if patients are offered 

different selections of items. 

Adaptive testing can only be applied if an items bank, in this case the AMC Linear Disability Score 

(ALDS) item bank, is available. This is a collection of items which have been calibrated by obtai-

ning psychometric information on the measurement properties of the items from large groups of 

patients. 

Content of the AMC Linear Disability Score item bank

The ALDS project constructed an item bank to measure the disability status of patients with a broad 

range of diseases. Disability was defined as the ability to perform the activities of daily life required to 

live independently or in an appropriate care setting. Because of the generic nature of the ADL con-

struct, one would expect overlap in item content and range even between scales for different disea-

ses. Therefore, items for inclusion in the ALDS item bank were obtained from a systematic review 

of generic and disease-specific ADL scales1 and supplemented by dairies of activities performed by 

healthy adults. A total of 190 items were selected from over 110 existing functional status scales. In 
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The original units of the ALDS scale are (logistic) regression coefficients, expressed in logits (see 

Appendix 3). Both the item difficulty and the patient’s ability are arranged on a single hierarchical 

linear scale. To make the results easier to interpret, the logit scores are linearly transformed into 

values between 0 (dead) and 100. The value 1 represents the lowest level and the value 100 the 

highest level of functional status possible. To allow for gradations of disability status below the level 

of the easiest item (‘putting a T-shirt on’) and above the level of the most difficult item (‘cycling for 2 

hours’) in the current version of the item bank the linear transformed score ranges from 0 to 90.

Clinimetric properties

Although measures constructed with modern psychometric methods theoretically are superior to 

traditional measures, it is essential to demonstrate this advantage in practice. The paper by Holman 

et al.2 describe the construction of the ALDS item bank in a population with a broad range of con-

ditions including stroke, Parkinson’s disease and chronic pain. Also residents of supported housing, 

residential care or nursing homes were interviewed. Those geriatric patients had (co)morbid conditi-

ons such as movement and skeletal disorders and urologic, endocrine, gastrointestinal, pulmonary, 

cardiovascular and neurological diseases. The results show that the ALDS can be used as a reliable 

indicator of disability status in this mixed population. Additional papers examined the psychometric 

properties of the ALDS items in patients with rheumatoid arthritis,4 patients with newly diagnosed 

Parkinson’s disease,5 and acute and post stroke patients [article submitted for publication]. 

What translations are available?

The ALDS item bank was originally developed by a systematic review of English literature. Dutch 

items were constructed using the forward and backward translation method. At present psychome-

trically sound versions in English and Dutch are available. French, Italian and Spanish versions are 

in the process of validation.

User permission

The ALDS is considered to be in the public domain, consequently there is no charge for the permis-

sion to use the ALDS. However, we request the users to register with the ALDS project team and 

cite relevant ALDS articles in their publications (see key journal references). 
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rent booklets, ranging from difficult to very easy. The most difficult booklet contained activities which 

can only be carried out by those who are relatively healthy, and presented to less disabled patients. 

The easiest booklet included items which can be carried out by all except the most severely disa-

bled patients and accordingly presented to those patients. Half of all the items in a given booklet are 

common with the booklet above and the other half with the booklet below, meaning that each item 

is in two booklets and the whole design is anchored. This design was chosen because it allowed a 

lot of statistical information to obtained, whilst keeping the burden on patients as low as possible. 

Data collection

The aim of calibrating an item bank is to obtain information on the measurement properties of 

the items and on the fit of the IRT model chosen to analyze the responses given by patients to 

the items. When the item bank is implemented, perhaps in conjunction with computerized adap-

tive testing,4 the emphasis shifts to estimating the health status of the individual patient. When 

using IRT models little statistical information on item parameters is obtained from patients, 

whose ability level is a lot different from the overall difficulty of the items. The precise point at 

which most information can be obtained varies according to the IRT model used and the va-

lue of the item parameters themselves.5 However, in general, an item bank can be efficiently 

calibrated if the difficulty of items in a booklet is roughly matched to the ability of the patients.

The data for the ALDS project was collected from disabled patients with a broad range of con-

ditions. The patients were interviewed during a visit to one of the neurology, rheumatology, pul-

monology, internal medicine, vascular surgery, cardiology, rehabilitation medicine and gerontology 

outpatients’ clinics at one general and two teaching hospitals in Amsterdam, the Netherlands. 

Each patient was presented with one of the item sets in the calibration design. In order to in-

crease the statistical efficiency of the design, the nurses interviewing the patients roughly mat-

ched the ‘difficulty’ of a booklet to the ability level of each patient, using their clinical experience. 

Hence, the easiest booklet was only presented to patients with substantial disabilities and the 

most difficult to those with minimal impairments. In practice, if a patient was able to carry out 

fewer than ten or more than twenty of the activities described in each booklet to which they were 

allocated, the patient was re-assessed using an easier or more difficult booklet as appropriate.

Fitting the IRT model

Usually, a preliminary choice of IRT model will have been made before the data are collected. 

But before fitting an IRT model and examining its quality, it is useful to carry out a number of 

The construction of an item bank is a complicated process, which can be split into four phases: (1) 

definition of content; (2) choice of calibration design; (3) data collection; and (4) fitting the IRT model. 

Definition of content

It is important to define the concept to be measured and the patient population of interest care-

fully. When defining the concept, it can be useful to examine definitions given in previous studies, 

to study theoretical models for illness and health outcomes and consider whether the definitions 

given are likely to result in a unidimensional construct. Similarly, a useful starting point for identifying 

items is a review of existing instruments, to gain insight into how others have seen the construct.1 

A large number of potential items should be identified, since it will not be possible to model the 

response pattern to a proportion of the items using an IRT model. The number of potential items 

can be increased by asking patients or healthy volunteers to keep dairies of health related acti-

vities, especially the difficult items. It is also important to consider how the data will be gathered 

from the patients, the number of scoring categories per item and how those categories are to be 

assigned to the responses made by patients. Using two, or at most three, response categories 

results in stability of scoring across time and researchers and increases clinical interpretability.2

Choice of calibration design

The calibration design to be used in the construction of an item bank describes which items are 

presented to which patients in the data collection phase. The most natural choice may seem to 

be a ‘complete’ design, where each item is presented to every patient. However, a complete de-

sign is inefficient since particular items will be either too easy or too difficult for many patients, 

meaning that patients will provide very little statistical information on the item parameters. In con-

trast, an incomplete design presents different subsets of items, often called booklets, to different 

subgroups of patients. If an unanchored, incomplete calibration design is to be used, it would 

only be possible to place all items on a single scale if patients are randomized to booklets and 

thus it is reasonable to assume that the distributions of the values of the disability level, asso-

ciated with the patients to whom each booklet is administered, is identical. An incomplete an-

chored design combines aspects of complete and incomplete calibration designs. The booklets 

are linked using common items meaning that it is possible to place all items on a single scale, 

without making any assumptions about the relationships between the distributions of the values 

of the disability level, associated with the patients to whom each booklet were administered.3 

In the ALDS project, data was collected with an incomplete anchored calibration design using diffe-
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where k represents the functional status of patient k. In addition, ai denotes the discrimination 

parameter and i the difficulty parameter for item i. 

An important assumption in item banking is that the items included in an item bank have 

the same measurement characteristics for all subgroups in the population. Differential item 

functioning of the items was examined using the one-parameter Rasch model10 by means 

of investigating if the item difficulty parameter (i) was similar for male and female and for 

younger and older patients. The cutoff point between younger and older patients was the me-

dian age. Items were excluded from further analysis if the parameter was more than half of 

the value of the standard deviance of the underlying distribution of ability parameters (). 

Dimensionality of the item bank was examined using IRT based full information factor analysis.14 

An exploratory factor analysis was carried out on different item sets used. To examine the po-

pulation as a whole, a confirmatory factor analysis was carried out using data from all respon-

dents. In addition, Cronbach’s alpha coefficient was calculated for each item set and for all of the 

data. The statistical analysis and results have been described in more detail in a previous paper.15
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preliminary analyses. An overall impression of the data can be obtained by counting the num-

ber of patients who responded in each of the response categories to each item. It is difficult to 

obtain accurate estimates of parameters for items, to which the vast majority of responses say 

over 90%, are in a single response category. In addition, items with these characteristics do not 

contribute to the quality of measurements obtained using the item bank. Furthermore, items 

to which a substantial proportion, say over 10%, are in categories such as ‘not applicable’ or 

‘don’t know’ may not be suitable for the patient population being used to calibrate the item bank. 

IRT consists of a family of models, each designed to describe a relationship between the patients’ 

ability and the characteristics of the items. Selection of an IRT model is based in part on whether 

the assumptions of the model make sense for the data. The different kinds of IRT models are 

distinguished by the functional form specified for the relationship between the underlying ability 

and item response probability. There is a distinction between models for polytomous or dicho-

tomous response options. In the thesis we focus on dichotomous models. The features of the 

three main types of dichotomous models are summarized in the Table. Each of these models 

estimates an item difficulty parameter. The two- and three- parameter models also estimate an 

item discrimination parameter; that is, the degree to which the item discriminates between per-

sons in different regions on the ability continuum. Finally, the three-parameter model includes a 

‘guessing’ parameter, often used in educational measurement with multiple-choice questionnaires. 

The one-parameter model has been shown to be unsuitable as a final model for describing data 

resulting from disability items because it is to restrictive; the Rasch assumption of equal item dis-

criminations may filter out the most highly discriminating items.9,10,11 Therefore, the more realistic 

two-parameter logistic IRT model was fitted to the ALDS data.12 Additionally, In the two-parameter 

model13, the probability, Pik(k), that patient k responds to item i in the category ‘can carry out’ is

 

Table.          Features of different types of dichotomous IRT models.

  Item difficulty Item discrimination    Guessing parameter

1-parameter (Rasch) X  

2-parameter  X X 

3-parameter  X X  X

Pik (ik)=
exp ( ai (k + i))

1 + exp ( ai (k + i))
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 Item content
  
 

Nr Are you able to... 
  

 Item content
  
 

Nr Are you able to... 
  

Item difficulty 
parameter

(b)

Item difficulty 
parameter

(b)

Discrimination 
parameter

(a)

Discrimination 
parameter

(a)

Linear 
transformed
ALDS score

Linear 
transformed
ALDS score

1 … ride a bike for at least 2 hours? -3.05  2.45 89
2 … vacuum a flight of stairs? -2.65 3.23 87
3 … carry a shopping bag upstairs? -2.14 2.70 85
4 … clean a bathroom? -1.96 3.07 84
5 … vacuum a room and move light furniture? -1.88 2.46 84
6 … fetch groceries for 3-4 days? -1.63 2.44 82
7 … go for a walk in the woods? -1.50 2.56 81
8 … travel by local bus or tram? -1.23 2.86 78
9 … walk for more than 15 minutes? -0.82 2.13 74
10 … carry a tray? -0.80 1.62 74
11 … walk up a hill or high bridge? -0.78 1.99 73
12 … to go shopping for clothes? -0.72 3.40 73
13 … cut your toe nails? -0.66 1.63 72
14 … fill in a official form? -0.61 1.03 71
15 … go to a party? -0.56 1.41 70
16 … stand for 10 minutes? -0.53 1.83 70
17 … go to a restaurant? -0.48 1.98 69
18 … sweep the floor? -0.45 2.87 69
19 … hang out and take in a load of washing? -0.44 2.26 69
20 … vacuum without moving any furniture? -0.35 2.47 67
21 … move a bed or table? -0.30 1.34 66
22 … use a washing machine? -0.23 2.07 65
23 … reach into a high cupboard? -0.23 1.53 65
24 … walk up a flight of stairs? -0.19 2.19 65
25 … go to the bank or post office? -0.13 3.12 64
26 … walk down a flight of stairs? -0.02 2.62 62
27 … go to the general practitioner? 0.02 3.29 61
28 … use a dustpan and brush? 0.08 2.50 60
29 … go for a short walk (15 min)? 0.07 2.06 60
30 … write a letter? 0.18 0.86 58
31 … change the sheets on a bed?  0.21 1.56 58
32 … cross the road? 0.22 2.91 58
33 … open and close a window? 0.24 1.42 58
34 … fetch a few things from the shop? 0.29 2.53 56
35 … polish shoes? 0.34 1.90 56
36 … have a shower and wash your hair? 0.66 1.95 50
37 … fold up the washing? 0.70 1.60 50
38 … dust? 0.70 2.39 50
39 … put on and take off lace-up shoes? 0.76 1.58 49
40 … clean a toilet? 0.78 2.10 48
41 … make a bed? 0.90 1.52 46
42 … cut your finger nails? 0.84 1.73 47
43 … reach under a table? 0.91 1.44 46
44 … heat tinned food? 0.92 2.57 46
45 … make egg or beans on toast? 1.02 3.08 44
46 … reach into a low cupboard? 1.09 1.51 43

47 … move between two low chairs? 1.14 1.38 42
48 … pick something up from the floor? 1.15 2.02 42
49 … clean a bathroom sink? 1.18 2.78 42
50 … put the washing up away? 1.26 2.00 40
51 … read a newspaper? 1.28 0.90 40
52 … get in and out of a car? 1.34 2.17 39
53 … make porridge? 1.37 2.44 39
54 … clear the table after a meal? 1.47 2.56 37
55 … peel and core an apple? 1.49 1.20 37
56 … prepare breakfast or lunch? 1.52 2.27 36
57 … clean the kitchen surfaces? 1.76 2.96 32
58 … put a chair up to the table? 1.77 2.06 32
59 … eat a meal at the table? 1.79 1.35 32
60 … wash up? 1.86 2.24 31
61 … put on/take off socks and slip on shoes? 1.93 1.90 30
62 … sit up (from lying) in bed? 1.95 1.25 30
63 … get a book off the shelf? 2.11 1.67 28
64 … answer the telephone? 2.15 1.16 27
65 … hang clothes up in a cupboard? 2.19 2.65 27
66 … make coffee or tea? 2.35 2.32 25
67 … make a bowl of cereal? 2.28 2.29 25
68 … put long trousers on? 2.38 2.74 24
69 … sit on the edge of a bed from lying down? 2.67 1.45 21
70 … move between two dining chairs?  2.72 2.35 20
71 … wash and dry your lower body? 2.78 3.03 20
72 … put on and take off a coat? 2.86 2.39 19
73 … wash and dry your face and hands? 2.97 2.07 18
74 … get out of bed into a chair? 2.99 2.26 18
75 … go to the toilet? 3.08 2.95 17
76 … wash your lower body? 3.24 3.14 15
77 … put on and take off a T-shirt? 3.49 2.69 11

The probability, Pik(k), that patient k responds to item i in the category ‘can carry out’ is

    

 

where k represents the functional status of patient k. In addition, ai denotes the discrimination 

parameter and i the difficulty parameter for item i.

Pik (ik)=
exp ( ai (k + i))

1 + exp ( ai (k + i))
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Net op het moment dat je denkt dat het proefschrift af is, moet het meest gelezen stuk nog ge-

schreven worden. De totstandkoming van een proefschrift gaat niet zonder slag of stoot en zonder 

de hulp van vele anderen was het dan ook niet gelukt. Een aantal mensen wil ik in het bijzonder 

noemen. 

Allereerst mijn promotors en copromotor. Rob de Haan. Beste Rob, wat ben ik blij dat je na je HVA 

periode weer terug bent gekomen bij het ALDS project, anders had ik lang niet zo trots op dit proef-

schrift kunnen zijn. Jij hebt me door alle moeilijke momenten heen geloodst en voor het grootste 

gedeelte bijgedragen aan mijn wetenschappelijke vorming. Mijn waardering voor alle tijd die je aan 

mij hebt besteed, en voor het bijstaan van de hoogte en diepte punten tijdens de afgelopen jaren. 

De nauwgezette manier waarop jij ieder manuscript van commentaar voorzag om ze vooral lees-

baarder te maken zijn voor mij steeds een stimulans geweest om verder te gaan.

Rien Vermeulen. Beste Rien, ik wil je bedanken voor de mogelijkheid die je mij hebt gegeven om     

het grootste deel van mijn promotieonderzoek te doen op de afdeling Neurologie. Je toegankelijk-

heid voor alle mogelijke vragen, stimulerende woorden in moeizame tijden en voornamelijk voor je 

rotsvaste vertrouwen in het slagen van het ALDS project ondanks dat de omstandigheden het niet 

altijd makkelijk hebben gemaakt. Je was betrokken bij het onderzoek maar gaf me ook ruimte en 

vertrouwen, dat heb ik erg gewaardeerd. 

Rob & Rien, bedankt voor de inspirerende en plezierige samenwerking, het was zeer aangenaam 

jullie als promotors duo te hebben. Wat vind ik het ontzettend jammer dat ik niet meer bij jullie 

werkzaam ben. Dankzij jullie gedreven begeleiding heb ik heel wat onderzoeksvaardigheden eigen 

kunnen maken. Jullie vertrouwen in mij heeft mij als persoon versterkt met een dosis meer zelfver-

trouwen. Ik hoop van harte dat we elkaar in de toekomst nog eens tegen zullen komen om de zeer 

prettige samenwerking te kunnen voortzetten. 

Cees Glas. Beste Cees, zonder jou statistische ondersteuning was het ALDS project en dit proef-

schrift hoogst waarschijnlijk niet tot stand gekomen. De (voor de meeste onderons) ingewikkelde 

item response theorie weet jij zo helder te presenteren dat ik regelmatig uit Enschede terug kwam 

en überhaupt niet meer begreep waarom het eerst zo moeilijk leek. Dank dat je altijd tijd voor me vrij 

maakte als ik tegen voor mij onoplosbare statistische problemen aanliep.

D a n k w o o r d 
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De overige leden van de promotiecommissie,  Prof. dr. J. Stam, Prof. dr. J.C.J.M. de Haes, Prof. dr. 

D.A. Legemate, Prof. dr. P.L.C.M. van Riel en Prof. dr. J. Dekker wil ik bedanken voor het beoordelen 

van de inhoud van dit proefschrift.  

Alle ALDS gebruikers, dank voor de fijne samenwerking. Mijn oud-collega’s van de KEB en de 

Neurologie bedankt voor de plezierige werkomgeving. In het bijzonder Noor, tijdens mijn eerste 

bezoek aan het AMC werd ik heel hartelijk door jou ontvangen en op mijn laatste dag had je zelfs de 

champagne koud staan. Hopelijk was dat niet om mijn vertrek te vieren maar omdat het inhoudelijke 

deel van dit proefschrift af was. Regelmatig kon ik voor mijn afspraken bij Rob even bij jou mijn hart 

luchten of gewoon even gezellig kletsen. Je vrolijke noot heeft een hoop gezelligheid gebracht. 

De onderzoeksverpleegkundigen van het Trialbureau Neurologie, allereerst ben ik jullie erg dankbaar 

voor alle ALDS formulieren die jullie gescoord hebben, zonder jullie inzet was er geen ALDS geweest 

en daarmee het schrijven van dit manuscript niet mogelijk. Daarnaast kon ik altijd even binnen wan-

delen voor een gezellig kletspraatje, wat zeker in de laatste ‘schrijven, schrijven, schrijven’ periode 

een zeer aangename afleiding was.

Marlies, Lotty, Susan en Fleur. Bedankt voor alle gezellige koffie/thee en lunchpauzes, borrels, eten-

tjes en feestjes. Het is heel gek om niet meer dagelijks in contact met jullie te staan via de mail of 

‘live’, ondanks dat ik nu naar de andere kant van het land moet reizen, hoop ik dat we nog vaak 

kunnen bijkletsen onder het genot van een hapje en drankje! Marlies jij bent er ook bijna! Ik vind het 

een hele eer dat ik op jou verdediging naast jou mag staan! Naast het gezellig samen sporten, heb-

ben wij ook menig gezellig avondje met de mannen gehad. Konden wij lekker klagen over promotie 

perikelen en zij over IT zaken, wat is nou interessanter? Ook al ben ik inmiddels weg uit het AMC, ik 

hoop dat we deze avondjes nog regelmatig zullen blijven doen. Veel succes met de laatste loodjes 

en met je nieuwe job bij de overburen. Lotty, jou vertrouwen in mijn kunnen, heeft me door menig 

dipje gesleept. De drive waarmee jij je werk doet, werkt aanstekelijk. Susan, ik vond het zo ontzet-

tend jammer dat je het AMC verruilde voor de VU, geen koffiepauzes meer waarin we konden praten 

over alles wat ons dwars zat op die momenten. Gelukkig zijn we elkaar daarna gewoon blijven zien. 

Ik weet zeker dat er een mooi project op je pad komt. Fleur, jij kwam op de KEB werken terwijl ik 

al verhuisd was naar de Neurologie, ondanks dat wij nooit directe collega’s zijn geweest waren de 

lunch- en koffiepauzes met jou heerlijk ontspannend, onderwerpen zoals schoenen, tv-program-

ma’s en overige onderwerpen (.…) waren een aangename onderbreking van alle hoofdbrekende 

onderzoeksvraagstukken. 

Gelukkig bestaat er meer dan alleen maar onderzoek in het leven al lijkt dat soms even niet zo. Alle fa-

milie & vrienden bedankt voor de getoonde belangstelling. Voor de meeste van jullie was het volkomen 

onduidelijk waar ik toch al die jaren mee bezig ben geweest. Maar dit is dan het uiteindelijke resultaat 

(volgens mij toch wel een wat uit de kluitengewassen scriptie…). Ik ben jullie allemaal zeer dankbaar 

voor alle gezellige borrels, etentjes en weekendjes weg om te genieten van het echte leven en even 

niet aan het onderzoek te hoeven denken. Twee familieleden in het bijzonder, Ariëla (mijn reddende 

engel!) en Tico dank voor dit mooie eindresultaat, ik had het zelf nooit kunnen evenaren. 

Marije mijn sportmaatje en paranimf. Ik ben blij dat ik zo’n topper die alles tegelijk kan op deze dag 

als ervaringsdeskundige naast me heb staan. Onderzoek doen gaat gepaard met veel frustraties 

maar gelukkig kon ik bij jou altijd flink klagen. Gedurende mijn gehele promotietraject ben je een 

enorme steun voor me geweest. Zonder onze werkonderbrekingen had ik lang niet zo’n gezellige 

tijd gehad! Jorieke, onze vriendschap gaat al heel wat jaren mee. Wat wij hebben is zeer speciaal. 

Ik hecht erg veel waarde aan onze gesprekken over van alles en nog wat, meestal onder het genot 

van een (aantal) wijntje(s). Zeker nu we hetzelfde beroep uitoefenen ben ik bang dat we helemaal 

niet meer uitgepraat raken. Ik ben trots op wat je in je kortstondige carrière al allemaal bereikt hebt. 

Het spreekt vanzelf dat ik jou naast me wil hebben tijdens mijn verdediging (als je maar niet in de 

lach schiet…..).

Matthan, mijn lieve schat, jij bent de afgelopen jaren mijn allergrootste steun, in werkelijk alles ge-

weest. De laatste paar maanden, terwijl ik met een nieuwe baan en opleiding begon en het pro-

motietraject nog moest afronden, was de drukte wel te doen, het zwaarst viel me dat wij veel te 

weinig tijd voor elkaar hebben gehad. Gelukkig zijn er nu rustigere tijden aangebroken waarin we 

weer volop van elkaar kunnen genieten. Wetende dat jij trots op me bent en altijd achter me staat 

betekend erg veel voor me. Met jou is het echt genieten van het leven. 
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