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Abstract

Background Disease-specific patient-reported outcome

(PRO) measures are designed to be highly relevant to one

disease. It is widely believed that comparisons of outcomes

between patients with different diseases are only possible

using generic measures. The present study employs a novel

method of using Rasch analysis to co-calibrate scores from

different disease-specific PRO measures, allowing scores

to be compared across diseases.

Methods Psoriasis patients (n = 146, mean age = 44.4,

males = 50 %) completed the Psoriasis Quality of Life

scale (PSORIQoL) and atopic dermatitis patients (n = 146,

mean age = 45.5, males = 50 %) the Quality of Life in

Atopic Dermatitis scale (QoLIAD). Both measures employ

the needs-based model of QoL, and they share five com-

mon items—providing a link between assessments. The

groups were analysed separately, and then combined to test

fit to the Rasch model.

Results Both scales showed good fit to the Rasch model

after minor adjustments (PSORIQoL: v2 p = 0.25; QoL-

IAD: v2 p = 0.51). For the combined dataset, one common

item showing differential item functioning by disease was

removed and fit to the Rasch model was achieved (v2

p = 0.08). The co-calibrated scale successfully distin-

guished between perceived severity groups (p \ 0.001).

Conclusions It is possible to co-calibrate scores on the

PSORIQoL and QoLIAD. This is one of the first studies in

health research to demonstrate how Rasch analysis can be

used to make comparisons across diseases using different

disease-specific measures. Such an approach maintains the

greater relevance and, consequently, accuracy associated

with disease-specific measurement.

Keywords Psoriasis � Atopic dermatitis � PSORIQoL �
QoLIAD � Rasch analysis � Co-calibration �
Patient-reported outcomes � Quality of life

Introduction

When selecting a patient-reported outcome (PRO) measure

for a specific disease, researchers are presented with an

array of choices [1, 2]. The type of PROs available can be

split broadly into three categories: Generic measures such

as the Medical Outcomes Study Short-Form 36 General

Health Survey (SF-36) [3] and the Nottingham Health

Profile (NHP) [4]; speciality generic measures used across

(for example) several dermatology conditions such as the

Dermatology Life Quality Index (DLQI) [5] and Skindex

[6] and disease-specific measures such as the Psoriasis

Quality of life scale (PSORIQoL) [7] and Quality of Life in

Atopic Dermatitis scale (QoLIAD) [8]. In dermatology, a

large amount of research has been conducted recently

evaluating available scales [9–13].

Generic PRO measures, as the name implies, are

intended for use with any disease. They usually provide a

profile of scores covering different outcome constructs.

Such measures are often favoured in research studies for

practical reasons; as they are familiar and readily available

for use—negating the need to develop a new scale. Tra-

ditionally, it is also believed that generic PRO measures

can be used when pooling data from different diseases,

when comparing scores between diseases or when com-

paring data with normative values [14, 15]. Patients with

different skin diseases are frequently combined in research
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studies in this way [16–21]. Generic PRO measures, such

as the DLQI and SF-36, are used in these studies.

Recent evidence has raised serious doubts about the

validity of using generic PRO measures to combine

patients with different diseases as items in the scales have

often been found to exhibit differential item functioning

(DIF) by disease. This has been observed for generic PRO

measures such as the SF-36 [22, 23] and for speciality

generic PRO measures such as the DLQI [12]. Coupled

with this is evidence that many popular generic PRO

measures used in dermatology have weak measurement

properties [9, 10, 12, 24].

Disease-specific measures offer many potential benefits

over generic outcomes. They are designed to assess the

issues that are important to patients with a specific disease

so they are more relevant and acceptable [25]. Evidence

also shows that disease-specific PRO measures are more

responsive than generic outcome measures in a range of

conditions [26–29]. A criticism of disease-specific PRO

measures is that they cannot be used to combine or com-

pare data from patients with different diseases. However,

through the application of item response theory (IRT), it is

now possible to do this.

The use of IRT may make it possible to administer

relevant disease-specific PRO measures to patients with

different conditions and then co-calibrate the specific

measures onto the same measurement continuum [30].

Such an approach is commonly used in educational settings

to equate tests of different ability levels, but no published

example could be found in health research that uses this

methodology to link outcomes from different diseases. In

order to allow this form of analysis, it is necessary for the

disease-specific outcome measures to be based on the same

theoretical model and to have overlapping items.

This study aimed to co-calibrate scores from two dis-

ease-specific outcome measures; the Psoriasis Quality of

Life scale (PSORIQoL) and the Quality of Life in Atopic

Dermatitis scale (QoLIAD) so that scores from the mea-

sures could be combined and compared validly. Both of

these scales employ the needs-based model of QoL [31].

Methods

Participants

Secondary analyses were conducted on data collected from

atopic dermatitis (AD) and psoriasis patients in the UK.

The psoriasis sample was recruited from the Manchester

Psoriasis Service database at Salford Royal Hospital,

Greater Manchester. The AD sample was recruited through

the National Eczema Society (n = 286). A random sample

of 73 males and 73 females was selected from the latter

sample to match the number of males and females in the

psoriasis sample. The samples were matched as uneven

samples may affect the robustness of analysis of variance

(ANOVA) assessments (used during the differential item

functioning assessments).

Measures

The PSORIQoL [7] and QoLIAD [8] are measures of QoL

specific to psoriasis and atopic dermatitis, respectively.

Both employ the needs-based model of QoL [31]. The

model is built on theoretical work on human needs [32–34].

According to the model, QoL is high when needs are ful-

filled and low when they are not. Conceptualising QoL in

this way clearly sets the construct apart from impairments

and activity limitations. These latter types of outcome may

influence QoL but are only important to the patient insofar

as they prevent need fulfilment.

Relevant needs may fall into several different categories

including those related to safety and security, socialisation,

affection, esteem, cognition and personal development.

Although individual illnesses will influence different needs,

there is commonly overlap. For example, patients with quite

different diseases such as rheumatoid arthritis and multiple

sclerosis may both have difficulty participating with family

and friends—depriving them of the need for social interac-

tion. In this context, the impact of different diseases on need

fulfilment will have both common and unique elements. The

aim of the present study was to test whether needs common to

two different diseases could be used as anchors to co-cali-

brate the unique aspects onto the same metric.

Both scales were developed using the Rasch model [35], a

simple logistic latent trait IRT model, to ensure unidimen-

sionality and good measurement properties. Each measure

consists of 25 items with dichotomous response options (True/

Not true). High scores on the measures indicate poor QoL.

Procedure

Three stages were involved in the analysis:

1. PSORIQoL and QoLIAD data were analysed sepa-

rately to test fit to the Rasch model to re-establish their

scaling properties.

2. Secondly, data from both surveys were combined

using a common item design (described below) and

Rasch analysis fit statistics for the common items and

overall scale were investigated.

3. Finally, the validity of the co-calibrated scale was then

investigated by relating Rasch scores from the co-

calibrated scale to disease type and perceived disease

severity.
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Rasch analysis

The Rasch model was selected due to its special mathe-

matical properties, in particular, its satisfaction of funda-

mental measurement requirements [36]. According to the

model, the probability that an individual will respond in a

certain way to a particular item is a logistic function of the

relative distance between the item-location parameter and

the person-location parameter. This difference governs the

probability of the expected response for a person, of a

given ability (level of QoL), to an item of a given severity.

If the observed data do not deviate significantly from the

expected responses, then the items fit the Rasch model.

Several different kinds of fit statistic are used to assess fit to

the Rasch model.

Analyses conducted were consistent with published

guidelines [37]. Internal reliability was analysed using the

Person Separation Index (PSI). The PSI is indicative of the

power of the items to distinguish between respondents.

A PSI score of 0.70 is the minimum acceptable level. The

overall scale fit to the model was examined by reference to

the overall item–trait interaction v2 fit value. A significant

v2 statistic (p \ 0.05) indicates that there is a real deviation

of the scale from the expected pattern and a lack of fit to

the Rasch model. Overall fit of the data is also investigated

via item and person interaction statistics. These assess-

ments measure the extent to which observed item and

person estimates deviate from the expected. The mean

location of the items is always anchored at 0. Within this

function, both person fit residual and item fit residual sta-

tistics are transformed by RUMM to approximate Z-scores;

representing a standardised normal distribution. When the

data fit the model, the overall distribution statistics for item

fit and person fit should have a mean of approximately 0

and a standard deviation of approximately 1.

Individual item fit statistics were also investigated via v2

fit statistics. A significant v2 fit statistic (p \ 0.05 (Bonfer-

roni adjusted)) indicates model misfit. Individual item-fit

residuals were also investigated. These should fall within

±2.5 if all individuals respond in the anticipated way. High

negative residuals are indicative of item redundancy and high

positive residuals multidimensionality, both types of misfit.

A requirement of the Rasch model is that items should

be invariant across groups. This is investigated through

tests of DIF. Differential item functioning represents

instability in the order of severity of items and indicates

that the scale may not work in the same way in different

sub-groups of individuals (such as those defined by age or

gender) that share the same level of trait being measured

[38]. An ANOVA of standardised residuals was carried out

to examine DIF by gender (males vs. females) and age

group (below the median age vs. median age and above).

For the combined analyses, DIF by disease (AD vs. pso-

riasis) was investigated for the common items to ensure

that these anchor items worked in the same way in both

disease samples. An ANOVA p value of\0.05 (Bonferroni

adjusted) was considered to be indicative of DIF.

Targeting of items to the QoL of respondents was

assessed by examining person–item distribution graphs.

These show the ordering of both persons and items on the

same logit scale and indicate whether the items in the scale

are well matched to the respondents.

If a scale is unidimensional, it should be free from item

dependency; similarity in items such that answers to one

item have too strong an influence over answers to other

items [37]. This is assessed by inspecting the residual

correlation matrix for pairs of items with correlations

exceeding 0.3.

The unidimensionality of the measure is further assessed

with an additional test [39]. If a scale is unidimensional, the

responses to any subset of items within a scale should give

the same estimate of person ability, given appropriate tar-

geting. Responses to two subsets of answers (loading most

differently on the first factor of the Residual Principal

Components Analysis) were assessed to see whether they

produced significantly different estimates for each partici-

pant (using t tests). Twelve items were selected (providing

12 response thresholds) that loaded positively on the first

factor of the Residual Principal Components Analysis and

compared with 12 items that loaded negatively on the first

factor. If fewer than 5 % of these tests are statistically sig-

nificant, the measure may be considered to be unidimen-

sional. A 95 % binomial confidence interval is provided.

A single indicator of item misfit or DIF does not nec-

essarily warrant the removal of an item. During the anal-

yses if an item showed minor misfit from the model, the

issue was explored in more detail. The study of Rasch

model fit is a process where no individual fit statistic is

either necessary or sufficient [40, 41]. Therefore, the final

interpretation of fit is a collective one based on several

indices. Clear misfit is reported in the results section.

The Rasch Unidimensional Measurement Model (RUMM)

2030 [41] programme was employed for the analyses.

Co-calibration of the QoL scales

The scales have five items in common and so were com-

pleted by all respondents. The remaining items in each

scale were completed by the relevant patients only. The

responses to the common or ‘anchor items’ provide a link

for the two scales. Using Rasch analysis, it is possible to

estimate ability/item parameters despite missing responses

and thus to co-calibrate two scales where only a proportion

of the items have been completed by both samples.
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Validity of co-calibrated scale

Further analyses were conducted using the Rasch-trans-

formed scores to assess the validity of the co-calibrated

scale. Scores for psoriasis and atopic dermatitis patients

were compared (using a t test). In addition, scores for

psoriasis and atopic dermatitis patients were combined and

compared by perceived severity group (mild, moderate,

quite severe and very severe) using ANOVA. p values of

\0.01 were used to indicate statistical significance.

Rasch logit scores for the co-calibrated scale were lin-

early transformed to a 0–100 scale.

Results

Demographic details of the samples are shown in Table 1.

Rasch analysis of individual scales

Table 2 reports overall fit statistics for the PSORIQoL and

QoLIAD. Both measures fit (v2 p [ 0.05) the Rasch model

initially. The PSIs were good indicating that the measures

had appropriate levels of reliability. The additional test of

unidimensionality for the QoLIAD suggested marginal

multidimensionality. This was investigated further by

assessing items with high fit residual correlations (indi-

cating local dependency). Three items showed evidence of

local dependency. Removing two of these improved uni-

dimensional statistics (Table 2).

Table 3 includes the fit statistics for the individual items

in the QoLIAD and PSORIQoL. No clear item misfit was

identified.

Items in both scales were well matched to the severity

level of the patients. Minimal levels of item redundancy

were observed. The PSORIQoL items assessing greatest

level of trait (the most severe QoL items) were ‘I don’t value

myself’ and ‘I just want to shut myself away.’ The item

capturing the lowest level of the trait (the mildest item) was

‘I constantly have to look after my skin.’ The logit coverage

(the distance between most severe and mildest items) was

6.2. The most severe QoLIAD item was ‘I can’t concentrate

on anything else’ and the mildest item ‘I worry about my

appearance.’ The total logit coverage was 6.6.

Rasch analysis of combined samples

As only minor inconsistencies were detected in the indi-

vidual scales, all items were retained for the combined

analysis. Item–person interaction and item–trait interaction

for the combined scales are shown in Table 2. Overall fit to

the model was achieved (item–trait interaction v2 [ 0.05).

None of the individual items exhibited misfit to the model.

The logit positions of the common linking items are

shown in Table 4. DIF analyses of the linking items

showed that one exhibited DIF by disease (p = 0.00098—

‘I worry that people will not accept me’ (Fig. 1). AD

participants were more likely to affirm the item at each

level of the trait. This item was removed from the analysis

as it is necessary for linking items to be free from disease

bias. Overall fit to the model changed little after the

removal of the item (Table 2).

Targeting of the items to the patients is displayed in

Fig. 2. The graph shows that the items had a good spread

and were well matched to the person locations on the logit

scale. Acceptably low end effects were observed as fol-

lows: 23 participants (7.9 %) scored the minimum and 10

participants (3.4 %) the maximum possible on the scale.

The graph also indicates minimal item redundancy in the

scale. The logit coverage of the combined sample was 8.3.

Validity of co-calibrated scale

The PSI value for the co-calibrated scale (0.89) was good

showing that the scale was reliable (Table 2). Figure 3

shows mean scores and corresponding 95 % confidence

intervals based on the standard error of the mean for disease

and perceived severity groups. Comparison of samples

Table 1 Sample characteristics

Psoriasis

(n = 146)

Atopic dermatitis

(n = 146)

Gender (%)

Male 73 (50.0) 73 (50.0)

Female 73 (50.0) 73 (50.0)

Age (years)

Mean (SD) 44.4 (14.7) 45.5 (16.6)

Range 66.0 (17–83) 62.0 (20–82)

Disease duration (years)

Mean (SD) 20.9 (13.5) 28.2 (17.5)

Range 67.0 (2–69) 76.0 (0–76)

Marital status (%)

Married/living as 89 (61.0) 95 (65.1)

Single 57 (39.0) 50 (34.2)

Perceived general health (%)

Excellent 16 (11.0) 15 (10.3)

Good 68 (46.6) 96 (65.8)

Fair 44 (30.1) 32 (21.9)

Poor 17 (11.6) 3 (2.1)

Perceived illness severity (%)

Mild 38 (26.0) 60 (41.1)

Moderate 57 (39.0) 57 (39.0)

Quite severe 43 (29.5) 26 (17.8)

Very severe 6 (4.1) 3 (2.1)
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showed that psoriasis patients had significantly higher

scores than those with atopic dermatitis (t = 4.54,

p \ 0.001). For the combined psoriasis and atopic

dermatitis sample, the co-calibrated scale was able to dis-

tinguish significantly between disease-severity groups

(F = 22.44, p \ 0.001).

Table 2 Overall fit statistics

Item–trait

interaction

No of

items

PSI Item–person fit residuals Unidimensionality

(confidence interval

v2 p value Item fit residual Person fit residual

Mean SD Mean SD

QoLIAD

Initial fit 0.28 25 0.91 -0.25 1.12 -0.16 0.54 0.089 (0.054–0.124)

Removal of 2 items 0.51 23 0.82 -0.25 1.12 -0.15 0.53 0.048 (0.013–0.083)

PSORIQoL

Initial fit 0.25 25 0.94 -0.22 1.12 -0.36 0.82 0.048 (0.013–0.083)

Combined sample

Initial fit (All items included) 0.09 45 0.88 -0.19 1.15 -0.26 0.69 –

Item showing DIF by disease removed 0.08 44 0.89 -0.18 1.17 -0.26 0.68 –

Ideal values [0.05 – [0.85 0.00 1.00 0.00 1.00 \0.05 (Lower CI \ 0.05)

Table 3 Individual item fit statistics for the separate PSORIQoL and QoLIAD analyses

PSORIQoL QoLIAD

Item Location Fit residual v2 p value Item Location Fit residual v2 p value

1 1.36 -1.29 1.21 0.55 1 0.97 -0.54 0.26 0.88

2 2.67 -0.87 0.74 0.69 2 2.19 -1.16 2.52 0.28

3 1.26 -0.59 0.72 0.70 3 -0.42 -0.67 3.11 0.21

4 -0.95 -0.73 2.68 0.26 4 -0.91 -2.17 5.65 0.06

5 2.08 -0.74 0.81 0.67 5 1.85 -0.58 0.93 0.63

6 -1.35 -1.44 4.49 0.11 6 -2.38 -0.55 3.58 0.17

7 0.64 -0.54 0.07 0.97 7 0.82 -0.35 0.80 0.67

8 -1.75 0.60 2.83 0.24 8 -0.51 -0.57 2.99 0.22

9 1.29 0.00 1.04 0.59 9 0.49 -0.18 0.69 0.71

10 0.12 -1.52 2.80 0.25 10 1.12 -0.43 0.64 0.73

11 -0.65 -0.10 0.26 0.88 11 -0.84 1.90 9.01 0.01

12 2.62 0.39 2.06 0.36 12 1.01 -0.42 0.27 0.87

13 -3.34 1.43 3.11 0.21 13 -0.43 -0.64 0.58 0.75

14 0.90 0.01 0.37 0.83 14 -1.89 -0.33 1.64 0.44

15 1.03 -1.45 2.47 0.29 15 -0.86 1.47 6.22 0.04

16 -0.44 -0.51 3.30 0.19 16 -0.64 3.15 1.01 0.60

17 -1.68 2.84 2.31 0.32 17 -0.24 -1.37 2.10 0.35

18 0.66 0.51 3.01 0.22 18 -1.12 0.70 3.54 0.17

19 1.45 -0.52 0.58 0.75 19 4.32 -0.46 0.63 0.73

20 1.63 -1.60 2.82 0.24 20 -0.26 -0.77 1.77 0.41

21 -2.13 1.43 5.43 0.07 21 -1.11 0.68 0.97 0.61

22 -3.46 1.51 5.59 0.06 22 0.01 -1.52 4.70 0.10

23 -0.54 -0.46 0.52 0.77 23 -0.73 -0.18 0.16 0.92

24 -1.46 -1.36 5.70 0.06 24 -0.96 -0.57 0.53 0.77

25 0.01 -0.55 1.57 0.46 25 0.51 -0.85 1.07 0.59
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Discussion

This is the first published study showing how Rasch ana-

lysis can be used to co-calibrate scores on two different

disease-specific PROs. Other studies have used Rasch

analysis and other IRT models to link different scales

within the same disease area [42–44]. The present study

takes this approach a stage further by linking across

diseases.

Only minor adjustments were needed to the two scales

to achieve fit to the Rasch model. The final co-calibrated

scale showed good measurement properties over a range of

analyses. The validity of the co-calibrated scale was

established by relating scores to perceived severity data

collected from both samples. When data from the two

samples were combined, the co-calibrated scale was able to

distinguish between perceived disease-severity groups.

This shows that the co-calibrated scale is valid and indi-

cates that the approach will have value in future research

studies including both psoriasis and atopic dermatitis

patients.

Co-calibration of disease-specific measures has succinct

advantages over relying on generic PRO measures. Dis-

ease-specific measures provide more detailed, relevant and

responsive information. Due to the nature of generic

measures, they are likely to miss issues of importance in

specific diseases. For example, the SF-36 does not contain

any items relating to self-perception, which has been

identified as an important issue for the QoL of psoriasis

patients [7]. In addition, many generic measures have weak

measurement properties and exhibit DIF by disease [9, 10,

12, 22–24].

The new approach could be valuable in research studies

that are designed to look at the impact of a specific inter-

vention on samples consisting of patients with different

diseases [16–21]. Another potential application of this

Table 4 Logit positions of the common linking items

Item description Logit position

I just want to shut myself away 2.51

I cannot bear anyone touching me 2.03

I have no self confidence 1.23

I am embarrassed about my appearance -0.85

Fig. 1 DIF by disease results for item ‘I worry that other people will

not accept me’ for the combined sample

Fig. 2 Targeting of items

for the combined sample

Fig. 3 Mean Rasch scores by disease and perceived severity
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method is in comparative effectiveness studies that cur-

rently employ generic outcome measures. Such studies are

used to make decisions about the allocation of scarce health

resources [45]. Essentially, it provides the opportunity to

compare the relative effectiveness of treatment interven-

tions in different conditions on a common QoL metric. A

head-to-head comparison of the psychometric properties of

generic versus co-calibrated disease-specific measures

would be beneficial in future studies.

Disease-specific measures can only be co-calibrated if

they meet strict criteria. The scales must be unidimen-

sional, based on the same measurement model and have

overlapping items that are free from DIF by disease. This

precludes the use of many disease-specific measures as

they are often developed with unique or poorly defined

conceptual frameworks. However, scales that employ the

needs-based model of QoL meet these criteria as they are

clearly operationalised, cover a wide variety of diseases

and have good measurement properties [46–49]. Over

twenty disease-specific outcome measures have been

developed using the needs-based approach offering scope

for co-calibration across several different diseases. The

proportion of common items between the measures varies,

with up to ten common items available. Co-calibration of

needs-based measures for several rheumatic conditions is

underway currently. It is possible that these could also be

co-calibrated with the dermatological measures used in the

present study. However, it remains to be tested whether this

method can be applied across different disease groups

where the impact on needs could be quite different. Dis-

eases that are very different in nature have less overlap

making co-calibration more challenging. In addition, DIF

by disease is a potential problem as the same item may be

understood and valued differently in different conditions.

The Rasch model was selected in the present study as

data that fit the Rasch model meet the requirements of

fundamental measurement [36]. Scales that do not fit the

Rasch model cannot be co-calibrated in the way described

in this study using Rasch analysis. Other, less restrictive,

item response theory models are also available for co-cal-

ibrating measures [50–52].

The results showed that patients in the psoriasis sample

had significantly higher scores on the co-calibrated scale

than the atopic dermatitis patients indicating that they had

worse QoL on average. This finding is supported by the

perceived severity data that showed that a greater propor-

tion of AD patients reported their illness severity as mild.

The observed difference in severity is likely to reflect the

different recruitment routes. Psoriasis patients were

recruited from a local hospital, while the AD patients were

members of a self-help organisation.

Limitations of the study should be noted. The samples

were drawn from different sources. Despite this, the co-

calibration procedure was successful. Further investigation

using different samples would be useful for assessing

whether these results are replicable.

Four items were available for co-calibration of the two

measures. No agreement exists on the number of items

needed to perform such co-calibrations. Previous

researchers have suggested that the more items available to

act as anchors the more robust the co-calibration exercise

will be [53, 54]. Some researchers have argued that 20 %

of the test size is optimal [55]. However, others have

shown that successful co-calibration can be achieved with

relatively few items if the common and unique items are of

good enough quality to ensure good estimates of ability

[56]. The four items used in the present study were from

different locations along the logit scale and exhibited good

fit statistics. In addition, all other fit statistics supported the

success of the co-calibration.

This study showed it was possible to link the PSORIQoL

and QoLIAD measures using Rasch analysis. Only minor

changes were required to allow the measures to be co-cali-

brated. This approach has several practical applications in

research studies where patients with different diseases are

combined or need to be compared. This method allows

relevant, disease-specific information to be collected while

also allowing scores to be compared across the two diseases.

The findings provide the basis for future work linking needs-

based scales across a range of different diseases.
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