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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
( )

Discrimi-
nation 

parameter
( )

Item 
difficulty 

parameter
( )

Discrimi-
nation 

parameter
( )

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.  

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. 
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(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.
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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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