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Abstract
Objectives: Rasch analysis has largely replaced impact factor methodology for developing health status measures. The aim of this
study was to develop a health status questionnaire for patients with interstitial lung disease (ILD) using impact factor methodology and
to compare its validity with that of another version developed using Rasch analysis.

Study Design and Setting: A preliminary 71-item questionnaire was developed and evaluated in 173 patients with ILD. Items were
reduced by the impact factor method (King’s Brief ILD questionnaire, KBILD-I) and Rasch analysis (KBILD-R). Both questionnaires were
validated by assessing their relationship with forced vital capacity (FVC) and St Georges Respiratory Questionnaire (SGRQ) and by eval-
uating internal reliability, repeatability, and longitudinal responsiveness.

Results: The KBILD-R and KBILD-I comprised 15 items each. The content of eight items differed between the KBILD-R and
KBILD-I. Internal and testeretest reliability was good for total scores of both questionnaires. There was a good relationship with SGRQ
and moderate relationship with FVC for both questionnaires. Effect sizes were comparable. Both questionnaires discriminated patients with
differing disease severity.

Conclusion: Despite considerable differences in the content of retained items, both KBILD-R and KBILD-I questionnaires demon-
strated acceptable measurement properties and performed comparably in a clinical setting. � 2015 Elsevier Inc. All rights reserved.

Keywords: Interstitial lung disease; Health status; Rasch analysis; Impact factor; King’s Brief Interstitial Lung Disease questionnaire; KBILD; Quality of life
1. Introduction

Health status questionnaires can be developed by impact
factor or Rasch analysis methodology. Impact factor selects
items according to their frequency and importance to pa-
tients [1]. The items are then grouped into health domains
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by clinical sensibility and scored on a Likert response scale.
Rasch analysis is more complex and selects items that
assess a unidimensional health construct with interval
scaling properties [2,3]. Items are scored on a Rasch scaling
model. A strength of Rasch analysis is that it can be used to
develop brief scales by removing the redundant items and
ensuring the retained items measure as close to the true
value of health status as possible [2,4]. The similarities
and differences in the construct and clinical properties of
health status questionnaires developed by these two
methods have not been fully evaluated.

Interstitial lung diseases (ILDs) are a group of inflamma-
tory and fibrotic disorders associated with significant
morbidity and mortality [5]. We have recently reported the
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What is new?

Key findings
� Health status questionnaires are widely used in

both research and clinical settings to evaluate the
impact of disease on patients. Impact factor meth-
odology used to develop questionnaires has largely
been replaced by methods such as Rasch analysis.
This is the first study to compare the clinical prop-
erties of a health status questionnaire developed by
these methods.

� Despite significant differences in the wording and
content of some items, both questionnaires per-
formed similarly well in a clinical setting. The in-
ternal reliability, concurrent validity, repeatability,
and responsiveness were similar.

What this adds to what was known?
� Both impact factor and Rasch analysis methodol-

ogy for developing health status questionnaires
seem valid.

What is the implication and what should change
now?
� Impact factor methodology has the advantage over

Rasch analysis in that it is less complex and more
patient focused. Further studies are, however,
needed to investigate whether Rasch analysis per-
forms better in specific situations such as severe
disease category patients.

development and validation of a health status questionnaire
using Rasch analysis for patients with ILD, the King’s Brief
Interstitial Lung Disease questionnaire (KBILD-R) [5]. The
optimal method to develop health status questionnaires for
patients with ILD is not known. The aim of this study was
to develop, validate, and evaluate a health status question-
naire for patients with ILD with impact factor methodology
(KBILD-I) and to compare this with another questionnaire
developed using Rasch analysis, the KBILD-R.
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2. Methods

2.1. Subjects

Subjects recruited for a previous study that reported the
development of the KBILD-R completed an additional
impact factor rating scale to develop the KBILD-I [5].
Briefly, subjects were recruited prospectively from
secondary care (King’s College Hospital) and tertiary care
(Royal Brompton Hospital) specialist clinics from Januar-
yeDecember 2010. Patients self-completed health status
questionnaires independently when attending clinic. Patients
were excluded from the study if they could not read the ques-
tionnaire or completed less than 85% of the questionnaire.
The classification of ILD was determined by a multidisci-
plinary team and consistent with international guidelines
[6,7]. Patients with both idiopathic ILD and that secondary
to connective tissue disorders (CTD) were recruited. Patients
with cough were identified from those responding to the
question ‘‘In the last 2 weeks, I have experienced coughing
bouts.’’ Patients without cough were identified from those
that responded ‘‘hardly or none of the time.’’

2.2. Development of KBILD impact factor version
(KBILD-I)

2.2.1. Item generationdpreliminary questionnaire
A preliminary questionnaire was developed as described

previously for the KBILD-R, consisting of 71 items rele-
vant to patients with ILD [5]. Briefly, items were generated
following: (1) review of relevant ILD literature, (2) review
of available health status questionnaires, (3) face-to-face
semistructured interviews with 10 patients with a range of
ILDs, (4) multidisciplinary team meeting consisting of res-
piratory, palliative care, rheumatology, and general physi-
cians and academics, nurse, pharmacist, social worker,
and physiotherapist. The questionnaire was worded to
assess health status during the past 2 weeks and patients re-
sponded on a seven-point Likert scale. Health status was
considered to be a patient’s perception of their health.

2.2.2. Impact factor ratings
Patients were asked to rate the importance of each item

on a five-point scale (1 5 not important and 5 5 extremely
important). The impact factor score for each item was
calculated as the product of the proportion of population
affected (0.0e1.0) and the mean importance rating of that
item [8,9].

2.2.3. Item reduction and allocation to domains
The 20 items with the highest impact factor score were

selected for further development. This threshold was com-
parable to that used in previous health status questionnaire
development [8,9]. Items demonstrating a minimum (floor
effect) or maximum response (ceiling effect) of �60% were
removed [8]. Items demonstrating high inter-item correla-
tions (r O 0.8) were examined, and the item with a lower
impact factor score was removed. Items with similar
wording were evaluated, and weaker items determined by
lower impact factor score were removed. The questionnaire
was also evaluated by the multidisciplinary team for further
refinement. Items were added or removed, when justified
according to face validity. Items were allocated to domains
by the multidisciplinary team on the basis of clinical sensi-
bility. Domain and total scores were transformed to a range
of 0e100 [(actual score�lowest possible score/range) �
100]; 100 5 best health status.
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2.3. Development of the KBILD Rasch analysis version
(KBILD-R)

The development of the KBILD by factor and Rasch
analysis has been described in detail previously and not
presented here [5]. The KBILD-R is a 15-item question-
naire that has an overall health status score and three
domains; psychological, breathlessness and activities, and
chest symptoms. Briefly, the Rasch model provides a tem-
plate for testing the validity of a questionnaire as a unidi-
mensional measure of the construct it was designed to
assess. It assumes that the response to an item is determined
by two factors; the health status of the person and health
status impairment represented by the item. Rasch analysis
is an iterative process, whereby the poorest fitting item is
removed and the remaining items re-tested until a reliable,
unidimensional scale is identified.

2.4. Concurrent validity

Concurrent validity, the assessment of an instrument
against other standards that may provide an estimation of
the measurements, was assessed by investigating the rela-
tionship of the KBILD-I and KBILD-R with lung function
and other health status questionnaires (see below). There is
no tool available that measures the true value of health sta-
tus. Therefore, a comparison is undertaken against other
validated clinical outcome tools that may be related to
health status or disease severity [10e12]. We hypothesized
there would be a moderate-to-good relationship of both
KBILD-I and KBILD-R with other health status question-
naires and that this relationship would be stronger with
the respiratory specific St George’s Respiratory Question-
naire (SGRQ) compared with the generic Short Form-36
(SF-36) questionnaire [13,14]. We also hypothesized a
moderate relationship between health status and lung func-
tion parameters, forced vital capacity (FVC), and transfer
factor of the lungs for carbon monoxide (TLCO) similar
to other chronic respiratory disorders [8]. FVC and TLCO
the standard objective clinical parameters used to assess
the severity of the lung fibrosis were measured according
to American Thoracic Society standards within 1 month
of completion of questionnaires [15,16]. The impact of
the severity of ILD, indicated by the prescription of home
oxygen therapy on health status, was assessed. The pres-
ence of chronic cough is associated with poor health status;
the impact of cough on ILD health status scores was eval-
uated [8]. Validity was repeated in patients with idiopathic
pulmonary fibrosis (IPF) because this is one of the most
common, severe, and rapidly progressive ILDs.

2.5. Testeretest reliability and responsiveness

A subgroup of 32 consecutive patients were asked to
complete KBILD-I and KBILD-R on two occasions,
2 weeks apart to investigate testeretest reliability. Only pa-
tients whose condition was considered stable by both the
patient and physician were recruited. The testeretest reli-
ability of the KBILD-R has been previously reported [5].
Responsiveness was assessed in another subgroup of 26
consecutive patients attending clinic on two occasions. six
of these patients underwent therapeutic trials between clinic
visits (one methylprednisolone, three mycophenolate mofe-
til, one cyclophosphamide, and one N-acetylcysteine). Pa-
tients whose condition changed between clinic visits,
judged by both the patient and physician on the basis of
symptoms and lung function were recruited.

2.6. Analysis

SPSS software version 18 (SPSS, Chicago, IL, USA) and
RUMM 2030 (RUMM Laboratory, Perth, Australia) were
used for statistical analysis. Mean and standard deviation
(SD) were used to describe parametric data. P ! 0.05 was
considered significant. T-tests were used for comparison of
parametric data. Internal consistency (reliability) of all ques-
tionnaires was assessed using Cronbach’s alpha coefficient.
Correlations between parameters were assessed with Pear-
son’s (r) coefficient. A correlation coefficient was consid-
ered weak if r 5 0.2e0.4 and moderate 0.4e0.6. The
relative measurement precision (RMP) was calculated to
assess the discriminative ability of questionnaires as per
Hobart et al [17]. Rasch scores were logit scores transformed
to 0e100 scale for ease of interpretability. Testeretest reli-
ability was assessed with intraclass correlation coefficients
and a BlandeAltman plot. The 95% limit of agreement
was calculated as 1.96 � SD of within-subject differences.
Effect size was determined by the difference in mean score
divided by the baseline SD of the baseline score. All patients
gave written informed consent, and the study was approved
by research ethics committee (London-Surrey Borders).
Some of the data for KBILD-R have been previously pre-
sented in Reference 5 but are re-presented here to facilitate
comparison between KBILD-I (where indicated).
3. Results

3.1. Item generationdpreliminary questionnaire

A preliminary version of the questionnaire, consisting of
71 items, was developed after the item generation process.
Ten patients with ILD [three IPF, three connective tissue
disease ILD (CTD-ILD), two idiopathic non specific inter-
stitial pneumonitis (NSIP), and two idiopathic organizing
pneumonia (OP)] were interviewed to identify common
themes, and items and interviews were discontinued when
they did not yield new items. A range of health topics that
included breathlessness, other respiratory symptoms, activ-
ities, social impact, psychological health, medications,
health care, and relationships were covered in the prelimi-
nary questionnaire. The preliminary questionnaire was
evaluated in 10 patients with ILD to assess item wording
and suitability; no further changes were made.
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3.2. Subjects

The preliminary questionnaire was administered to 173
patients with ILD to investigate validity [48 patients IPF,
67 CTD-ILD, 20 idiopathic NSIP, 16 hypersensitivity pneu-
monitis (HP), 8 OP, 4 Pulmonary Langerhan’s Cell
histiocytosis, 3 lymphangioleiomyomatosis (LAM), 2 res-
piratory bronchiolitis ILD, 2 drug-induced ILD, 1 radiation
fibrosis, 1 lymphoid interstitial pneumonia (LIP), and 1
eosinophilic pneumonia]. Sixty-seven patients had CTD:
scleroderma (24), undifferentiated CTD (14), systemic
lupus erythematosus (9), polymyositis/dermatomyositis
(9), rheumatoid arthritis (6), mixed CTD (3), and Sjogren’s
syndrome (2). Fifty-five percentage of all patients reported
cough. Seven patients (3.9%) completed less than 85% of
the questionnaire and were therefore excluded (two visually
impaired, two language difficulty, and three reason not re-
corded). Demographics and baseline characteristics are
shown in Table 1.
3.3. KBILD-I: item reduction and allocation to domains

The 20 items with the highest impact factor score were
evaluated. Six items were removed because of high interi-
tem correlation (O0.80). One item ‘‘have you felt confident
Table 1. Patient demographics

Characteristics All patients IPF CTD-ILD

Number 173 48 67
Age (yr) 60 (13) 68 (11) 57 (12)
Female (%) 60 31 76
Ethnicity %

Caucasian 75 92 60
Afro-Caribbean 10 2 18
South Asiana 13 4 22
Other 2 2 0

Smoking status %
Current 6 12 2
Ex 26 34 16
Never 68 54 82

Time since diagnosis (yr) 4.0 (3.7) 2.6 (2.7) 4.7 (4.1)
FVC % predicted 80 (24) 77 (23) 78 (23)
TLCO % predicted 47 (18) 38 (16) 48 (18)

Immunosuppressant medications (%)
None 23 20 8
Prednisolone 46 64 41
Prednisolone þ other 28 16 46
Other 3 0 5

Comorbidity (%)
IHD 5 8 1
Emphysema (by HRCT) 11 22 4

Abbreviations: IPF, idiopathic pulmonary fibrosis; CTD-ILD, connective ti
pathic non-specific interstitial pneumonitis; HP, hypersensitivity pneumoni
capacity; TLCO, transfer factor of the lung for carbon monoxide as % predic
by high-resolution computed tomography; Ex-smoker, O10 pack year smok

All data are mean (standard deviation) unless otherwise stated. Percent
Others: four histiocytosis X, three lymphangioleiomyomatosis (LAM), two

associated interstitial lung disease (RBILD), two drug-induced ILD, and one
Immunosuppressant medications were those prescribed at the time of t
a South Asian patients originating from the India, Pakistan, or Banglad
dealing with your lung condition?’’ was removed due to a
high floor effect, two items ‘‘I have experienced coughing
bouts’’ and ‘‘have you worried about the long-term side
effects of the medications (such as tablets, inhalers, and ox-
ygen) you take for your lung condition’’ were added to the
questionnaire after review by a multidisciplinary team
because they were considered clinically important to pa-
tients with ILD. The final 15 items were categorized into
three domains: breathlessness and activities (items 1, 3, 4,
11, and 12), psychological (items 2, 5, 6, 9, 10, and 15),
and physical (items 7, 8, 13, and 14) (Table 2).
3.4. Comparison of KBILD-I and KBILD-R
questionnaires

3.4.1. Content
The KBILD-I and KBILD-R contained 15 items. Sixty

percentage of the items differed between the KBILD-I
and KBILD-R (Table 2). The KBILD-I tended to retain
more non pulmonary items (energy, lethargy, and weight)
compared with KBILD-R. The KBILD-R tended to retain
more chest symptom items (wheeze, chest tightness, and
air hunger). The domain structure of both questionnaires re-
flected these differences (KBILD-I physical symptoms
domain vs. KBILD-R chest symptoms domain). The
Idiopathic NSIP HP Idiopathic OP Other

20 16 8 14
63 (11) 57 (12) 61 (15) 52 (19)

60 63 88 57

70 94 75 72
15 6 13 0
10 0 12 14
5 0 0 14

28 0 0 7
17 19 43 43
56 81 57 50

4.1 (3.8) 5.6 (4.0) 2.6 (2.3) 4.4 (2.9)
91 (23) 73 (25) 89 (30) 83 (24)
52 (17) 51 (20) 57 (22) 46 (20)

47 33 63 69
42 40 25 15
11 27 13 8
0 0 0 8

5 0 0 14
18 8 0 0

ssue disease associated interstitial lung disease; Idiopathic NSIP, idio-
tis; idiopathic OP, idiopathic organizing pneumonia; FVC, forced vital
ted; IHD, ischemic heart disease; emphysema (by HRCT), emphysema
ing history.
age of subjects (with exception of FVC/TLCO): % of predicted values.
lymphoid interstitial pneumonia (LIP), two respiratory bronchiolitise

postradiation fibrosis.
he study.
esh.



Table 2. KBILD questionnaires: impact factor (I) and Rasch analysis (R) methods

Item Impact factor score

KBILD-I, KBILD-R (items common to both questionnaires)
1 In the last 2 weeks, I have been breathless climbing stairs or walking up an incline or hill. 3.81
2 In the last 2 weeks, have you worried about the seriousness of your lung complaint? 3.29
3 In the last 2 weeks, have you avoided doing things that make you breathless? 3.00
4 In the last 2 weeks, how much has your lung condition limited you carrying things, for example, groceries? 2.96
5 In the last 2 weeks, has your lung complaint made you feel fed up or down in the dumps? 2.88
6 In the last 2 weeks, have you felt in control of your lung condition? 2.77

KBILD-R only (additional items for KBILD-R)
7 In the last 2 weeks, has your lung condition interfered with your job or other daily tasks? 2.88
8 In the last 2 weeks, my lung condition has made me feel anxious. 2.67
9 In the last 2 weeks, how much of the time have you felt your lung disease is getting worse? 2.48
10 In the last 2 weeks, have you expected your lung complaint to get worse? 2.41
11 In the last 2 weeks, has your lung condition made you think more about the end of your life? 2.25
12 In the last 2 weeks, because of my lung condition, my chest has felt tight. 2.17
13 In the last 2 weeks, how often have you experienced ‘‘wheeze’’ or whistling sounds from your chest? 2.04
14 In the last 2 weeks, I have felt the urge to breathe, also known as ‘‘air hunger.’’ 1.96
15 Are you financially worse off because of your lung condition? 1.63

KBILD-I only (additional items for KBILD-I)
7 In the last 2 weeks, because of your lung condition, how much energy have you had? 3.55
8 In the last 2 weeks, because of your lung condition, have you felt tired? 3.47
9 In the last 2 weeks, I felt that my lung condition interfered with the overall enjoyment of my life. 3.31
10 In the last 2 weeks, have you felt relaxed or free of tension? 3.17
11 In the last 2 weeks, my lung condition has limited my walking on level ground. 2.88
12 In the last 2 weeks, because of your lung condition, have you felt unable to keep up with people of the same age? 2.80
13 In the last 12 months, do you think you have gained or lost weight as a result of your lung condition? 2.67
14 In the last 2 weeks, I have experienced coughing bouts. 2.3
15 In the last 2 weeks, have you worried about the long-term side effects of the medications (such as tablets, inhalers,

and oxygen) you take for your lung condition?
2.18

Abbreviation: KBILD, King’s Brief Interstitial Lung Disease.
2011 KBILD is protected by copyright; King’s College Hospital NHS Foundation Trust. Reprints of the KBILD are available from the correspond-

ing author.
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KBILD-I psychological domain contained items that as-
sessed positive emotions (enjoyment and relaxation). The
KBILD-R focused more on negative emotions (end of life
and disease getting worse). The KBILD-I in contrast to
KBILD-R contained items on cough and medications.
The correlation of KBILD-I and KBILD-R total scores
was r 5 0.93 and P ! 0.001.

3.4.2. Concurrent validity
The KBILD-I and KBILD-R total scores correlated

strongly with SGRQ, moderately with lung function and
SF-36 physical component, and weakly with SF-36 mental
component (Table 3). The total and domain scores for both
questionnaires discriminated patients with mild, moderate,
and severe disease well (Table 4), KBILD-R P 5 0.011
to P ! 0.001 and KBILD-I P 5 0.005 to P ! 0.001,
ANOVA. Health status was significantly worse in patients
prescribed supplemental oxygen therapy compared with pa-
tients not on supplemental oxygen, KBILD-R total scores
43 (11) vs. 57 (14), P ! 0.001, and KBILD-I total scores
31 (18) vs. 56 (23), P! 0.001. Patients taking oxygen ther-
apy had more severe disease, mean (standard error of mean
[SEM]) vital capacity 66 (19) vs. 81 (24), P ! 0.01. ILD
patients with cough had worse health status, KBILD-R total
scores 50 (14) vs. 61 (14), P ! 0.001, and KBILD-I total
scores 43 (22) vs. 65 (20), P ! 0.001.
3.4.3. Internal reliability
Both questionnaires had good, comparable internal reli-

ability. Cronbach’s alpha coefficients for KBILD total
scores are reported in Table 5. Cronbach’s alpha coeffi-
cients for KBILD-I domains were psychological 0.87,
breathlessness and activity 0.92, and physical symptoms
0.74 and for the KBILD-R psychological 0.89, breathless-
ness and activity 0.89, and chest symptoms 0.74. The per-
son separation index for the KBILD-R: psychological
0.91, breathlessness and activity 0.92, and chest symptoms
0.7, total 0.94.
3.4.4. Testeretest reliability
Testeretest reliability was investigated in 32 patients (8

IPF, 13 CTD-ILD, 3 idiopathic NSIP, 5 HP, 2 OP, and 1
LAM). Intraclass correlation coefficients for KBILD total
scores were good and are reported in Table 5. Intraclass
correlation coefficients for KBILD-I domains were: psy-
chological 0.91, breathlessness and activity 0.91 and phys-
ical symptoms 0.91, similar to those of the KBILD-R
psychological 0.95, breathlessness and activity 0.96, and
chest symptoms 0.86. A BlandeAltman plot of KBILD-I
total score repeat testeretest reliability ability is shown in
Online Supplementary Fig. 1/Appendix at www.jclinepi.
com.

http://www.jclinepi.com
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Table 3. The relationship between ILD health status, lung function, and other health status measures

KBILD domains

Lung function SGRQ SF-36

FEV1 (%) FVC (%) TLCO (%) Sym Act Imp Total PCS MCS

KBILD Impact factor
Psychological 0.33 0.31 0.36 �0.58 �0.68 �0.79 �0.79 0.55 0.42
Breathlessness and activity 0.48 0.46 0.46 �0.57 �0.85 �0.82 �0.86 0.72 0.27
Physical symptoms 0.41 0.36 0.41 �0.71 �0.69 �0.82 �0.82 0.56 0.40
Total score 0.44 0.41 0.44 �0.65 �0.81 �0.87 �0.89 0.65 0.39

KBILD Rasch analysis
Psychological 0.35 0.27 0.43 �0.59 �0.67 �0.74 �0.76 0.55 0.38
Breathlessness and activities 0.47 0.44 0.48 �0.59 �0.84 �0.78 �0.85 0.67 0.34
Chest symptoms 0.38 0.38 0.36 �0.65 �0.64 �0.79 �0.79 0.60 0.46
Total score 0.45 0.40 0.46 �0.63 �0.80 �0.82 �0.86 0.65 0.37

Abbreviations: ILD, interstitial lung disease; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; TLCO, diffusing capacity of
the lung for carbon monoxide as %predicted; SGRQ Sym, St George’s Respiratory Questionnaire Symptoms; SGRQ Act, St George’s Respiratory
Questionnaire Activity; SGRQ Imp, St George’s Respiratory Questionnaire Impact; SGRQ Total, St George’s Respiratory Questionnaire Total; SF-
36 PCS, Short Form 36 physical component summary; SF-36 MCS, Short Form 36 mental component summary; KBILD, King’s Brief Interstitial
Lung Disease questionnaire.

Data shown are Pearson’s correlation coefficients; all P ! 0.01.
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3.4.5. Relative measurement precision
The F statistics were comparable for KBILD-R and

KBILD-I when patients were categorized by disease
severity according to FVC (Table 4). Both questionnaires
demonstrated good RMP (Table 4).
3.4.6. Responsiveness
The responsiveness of both KBILD questionnaire ver-

sions was evaluated in 26 patients (8 patients IPF, 10
CTD-ILD, 3 idiopathic NSIP, 1 HP, and 4 OP). The mean
duration between assessments was 9 months. The effect
sizes for KBILD-I and KBILD-R were good and are re-
ported in Table 5.

The concurrent validity, internal reliability, and
testeretest reliability of both KBILD questionnaire ver-
sions were comparable in patients with IPF compared with
non-IPF ILD (Table 6). The number of patients with IPF in
the responsiveness study was too small for analysis.
Table 4. KBILD questionnaire health status scores and relative measuremen

KBILD domains

Health st

All subjects
Mild n [ 82,
FVC pred ‡80%

KBILD Impact factor
Psychological 56 (25); (3e100) 62 (26)
Breathlessness and activity 47 (30); (0e100) 59 (30)
Physical symptoms 54 (21); (0e100) 61 (22)
Total score 53 (24); (7e98) 61 (24)

KBILD Rasch analysis
Psychological 57 (19); (0e100) 61 (20)
Breathlessness and activities 39 (24); (0e100) 48 (25)
Chest symptoms 68 (26); (0e100) 76 (22)
Total 55 (15); (0e100) 60 (15)

Abbreviations: KBILD, King’s Brief Interstitial Lung Disease questionnai
dicted; RMP, relative measurement precision.

Values are given as mean (standard deviation); range.
*P ! 0.01.
4. Discussion

This is the first study to compare in detail the clinical
properties of a health status questionnaire developed by
impact factor methodology and Rasch analysis for patients
with ILD. Both questionnaires were brief, containing 15
items and a 3 domain structure. There were, however,
considerable differences in the content of 60% of items.
Despite these differences, the questionnaires performed
similarly well in a clinical evaluation.

This study reports the development of an ILD health sta-
tus questionnaire with impact factor methodology,
KBILD-I. This method retains items according to their
importance to patients. Impact factor method has largely
been replaced by methods such as Rasch analysis because
the latter retains items based on their interval scaling prop-
erties and creates a unidimensional scale [4]. One of the
advantages of questionnaires with good interval scaling is
that they can facilitate the use of parametric statistics to
calculate effect sizes and therefore increase the power
t precision for patients with ILD

atus scores

F statistic* RMP (%)
Moderate n [ 64,

FVC pred !80%, ‡50%
Severe n [ 19,
FVC pred !50%

51 (22) 45 (23) 5.5 100
38 (26) 30 (25) 13.8 100
47 (17) 46 (23) 9.7 86
46 (20) 40 (22) 10.9 97

54 (18) 49 (16) 4.7 85
33 (18) 25 (18) 13.1 95
62 (23) 52 (33) 11.3 100
51 (13) 46 (13) 11.2 100

re; ILD, interstitial lung disease; FVC, forced vital capacity; pred, pre-



Table 5. A comparison of impact factor and Rasch analysis methods (total scores) for developing health status questionnaires

Questionnaire
Internal consistency (reliability)
(Cronbach’s alpha coefficient)

Testeretest reliability (intraclass
correlation coefficient) n [ 32 Responsiveness (effect size) n [ 26

KBILD impact factor 0.94 0.94 0.57
KBILD Rasch analysis 0.93 0.93 0.63

Abbreviations: KBILD, King’s Brief Interstitial Lung Disease questionnaire.
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and precision of their use in clinical trials [4]. Rasch anal-
ysis does, however, retain some items that may not be the
most important to patients. Rasch analysis tends to select
items with good measurement characteristics and removes
those that overlap significantly with others. The content
of 60% of the items of the KBILD-I differed from the
KBILD-R. The KBILD-I in contrast to KBILD-R contained
items on cough, medication, lethargy, enjoyment of life,
and weight. It is therefore possible the two questionnaires
measured different constructs. The domain structures of
both questionnaires, however, were broadly comparable.
Despite considerable differences in the content of items,
the concurrent validity, internal reliability, discrimination
of disease severity, performance in specific subgroups
IPF, testeretest reliability, and responsiveness of both ques-
tionnaires were largely similar. Although it is likely the
KBILD-R had better interval scaling properties compared
with the KBILD-I, this did not impact significantly on the
clinical properties of the KBILD-I. Both questionnaires
had comparable discriminative ability to identify patients
based on disease severity, as assessed with the RMP index.
The need for briefer health status measures to assess pa-
tients with chronic respiratory disease has recently been
highlighted; both KBILD questionnaires were brief, and
Table 6. Concurrent validity, internal reliability, and testeretest
reliability of the KBILD-R and KBILD-I in IPF: comparison with
other ILDs

Questionnaire validity IPF (N [ 48) ILD non-IPF (N [ 125)

Correlation with SGRQ total
KBILD-R �0.87 �0.89
KBILD-I �0.87 �0.89

Correlation with FVC%
KBILD-R 0.52 0.36
KBILD-I 0.50 0.36

Correlation with TLCO%
KBILD-R 0.39* 0.45
KBILD-I 0.44 0.43

Internal reliability (Cronbach’s alpha coefficient)
KBILD-R 0.93 0.93
KBILD-I 0.95 0.94

Testeretest reliability (intraclass correlation coefficient)
KBILD-R 0.94 0.93
KBILD-I 0.92 0.98

Abbreviations: KBILD, King’s Brief Interstitial Lung Disease ques-
tionnaire; IPF, idiopathic pulmonary fibrosis; ILD, interstitial lung dis-
ease; SGRQ, St George’s Respiratory Questionnaire; FVC, forced vital
capacity; TLCO, diffusing capacity of the lung for carbon monoxide as
% predicted.

Data shown are Pearson’s correlation coefficients unless otherwise
stated P ! 0.01.

*P 5 0.01.
most patients were able to complete them within 5 minutes
[18].

It may seem surprising that the KBILD-R did not
perform better than KBILD-I in our study. The two ques-
tionnaires may have performed comparably because nearly
half the items overlapped and the remaining items may
have been inter-related and assessed similar constructs/do-
mains of health status. Likert response scales of health sta-
tus questionnaires have been compared with those based on
Rasch interval scaling [19]. Some investigators have re-
ported that the gains in precision with Rasch analysis are
modest except in some specific situations [19]. Rasch anal-
ysis performs best at extreme ends of the health status to
discriminate disease severity; this may be important in se-
vere interstitial lung disorders [19]. It also performs better
at detecting change in individual patients compared with
group changes; this is highly relevant for a clinical setting
[20,21]. A strength of our study is that we compared the
validity of the items developed by two distinct methodolog-
ical approaches and their respective response scales.
Further studies, however, are needed to investigate whether
KBILD-R performs better in individual patients compared
with population studies.

Cough is an important symptom in a subgroup of pa-
tients with ILD that can be associated with severe impair-
ment in health status [22]. Fifty-five percentage of
subjects reported cough in our study. The KBILD-I in
contrast to KBILD-R contained a cough item. The presence
of a cough item, however, did not improve the overall clin-
ical performance of the KBILD-I. Both questionnaires were
equally able to detect significantly worse health status in
patients with ILD and cough compared with those without
cough. It is likely that cough affects a wide range of health
status items within the KBILD questionnaire that capture
its impact and this may explain why the absence of a cough
item did not significantly reduce the performance of the
KBILD-R.

There are a number of limitations with our study.
Patients with ILD had a wide range of etiologies, and there-
fore, our findings need to be interpreted with caution for
single diagnostic categories. Our data, however, suggest
that there are unlikely to be significant differences in the
performance of the KBILD in different categories of ILD.
The validity of the KBILD in patients with a rapidly pro-
gressive and severe ILD, IPF, was comparable to less pro-
gressive conditions. Furthermore, the purpose of this
study was to evaluate different methods of developing
health status questionnaires rather than investigate health
status in categories of ILD. The sub-study investigating
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responsiveness was underpowered and contained few pa-
tients undergoing initiation of new therapy. These data
should be considered preliminary. It is possible that some
items eliminated during the development process may have
contributed significantly to health status. Our aim was to
develop a questionnaire that could quantify health status
with the least number of items, although retaining validity,
so that it was practical for clinical use. Health status ques-
tionnaires are not a substitute for identifying health-related
issues obtained from a detailed history. We eliminated
items that were infrequent, redundant, contributed weakly
to health status assessment, or did not conform to optimal
scaling properties. It is possible that systemic and musculo-
skeletal symptoms of connective tissue disease could have
influenced health status. We have previously reported that
such an effect is likely to be minimal because all KBILD
items specifically related to the impact of lung disease
[5]. It is possible that the coexistence of emphysema may
have affected health status because an item related to
wheeze was retained in the final version of the KBILD-R,
similar to the SGRQ-I, a health status questionnaire adapt-
ed for patients with IPF [23]. The prevalence of emphy-
sema on high resolution computed tomography (HRCT)
was relatively low, and we previously reported that there
was no significant difference in the health status of ILD pa-
tients with emphysema compared with those without [5]. It
is possible that medications, particularly corticosteroids
may have impacted health status greater than the ILD in
some patients. The KBILD items, however, specifically as-
sessed the impact of lung disease on health status, and there
was no differential item functioning with patients taking
medications [5]. Our data were consistent with the
KBILD-I and KBILD-R being highly repeatable over
2 weeks, but this needs re-evaluating over longer duration.

In summary, we evaluated and compared two very
different methods used to develop health status question-
naires. Impact factor and Rasch analysis questionnaires
were developed in patients with ILD. Despite the differ-
ences in methodology and retained items, both question-
naires were well validated and performed comparably in
a clinical setting when evaluating a group of patients. The
advantage of the impact factor method was that it retained
items that were considered important by patients. The
Rasch analysis method created a questionnaire with vali-
dated interval scaling and a unidimensional scale but was
more complex to develop requiring the use of specialized
software. Previous studies suggest that it is likely that ques-
tionnaires developed with Rasch analysis perform better at
identifying change in individual patients compared with
population studies; this deserves further investigation [20].
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