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ABSTRACT

Objectives: To (1) create a single metric of disability
using Rasch modelling to be used for comparing
disability severity levels across groups and countries,
(2) test whether the interval-level measures were
invariant across countries, sociodemographic and
health variables and (3) examine the gains in precision
using interval-level measures relative to ordinal scores
when discriminating between groups known to differ in
disability.

Design: Cross-sectional, population-based study.
Setting/participants: Data were drawn from the
Survey of Health, Ageing and Retirement in Europe
(SHARE), including comparable data across 16
countries and involving 58 489 community-dwelling
adults aged 50+.

Main outcome measures: A single metric of
disability composed of self-care and instrumental
activities of daily living (IADLs) and functional
limitations. We examined the construct validity through
the fit to the Rasch model and the know-groups
method. Reliability was examined using person
separation reliability.

Results: The single metric fulfilled the requirements of
a strong hierarchical scale; was able to separate
persons with different levels of disability; demonstrated
invariance of the item hierarchy across countries; and
was unbiased by age, gender and different health
conditions. However, we found a blurred hierarchy of
ADL and IADL tasks. Rasch-based measures yielded
gains in relative precision (11-116%) in discriminating
between groups with different medical conditions.
Conclusions: Equal-interval measures, with person-
invariance and item-invariance properties, provide
epidemiologists and researchers with the opportunity
to gain better insight into the hierarchical structure of
functional disability, and yield more reliable and
accurate estimates of disability across groups and
countries. Interval-level measures of disability allow
parametric statistical analysis to confidently examine
the relationship between disability and continuous
measures so frequent in health sciences (eg,
cholesterol, blood pressure, C reactive protein).

Strengths and limitations of this study

m This is the first study that provides a
Rasch-based single metric of disability to be
used for accurate comparisons of disability
severity levels across groups/countries and their
relationships with external variables.

= We empirically assess the reliability of scores
using Rasch modelling to address the misuse of
estimating reliability by means of Cronbach’s o
in highly skewed distributions with marked
ceiling/floor effects.

m The measurement of disability with reliable
interval-level measures is a cost-effective and
efficient approach to gain comprehensive data on
persons with disabilities, thus providing import-
ant keys regarding how and when to promote
prevention programmes, modify interventions or
develop enabling environments.

= The examination of differential item functioning
(DIF) by medical conditions and physical symp-
toms is limited to three broad groups. The pres-
ence of DIF with more specific health conditions,
as well as contextual and environmental vari-
ables, should be investigated in future studies.

= Despite the advantages of a Rasch-based single
metric of disability over separate scales with
summative scores, our metric should be
improved by adding more items of difficult tasks
to adequately measure the lowest disability levels
in the general population.

INTRODUCTION

The measurement of the severity of disability
is a critical element for studying the causes
and consequences of ageing and for plan-
ning health programmes and services.' Until
now, having valid and reliable measures of
disability based on survey data remains a
major challenge. Activities of daily living
(ADLs) and instrumental activities of daily
living (IADLs) scales have shown construct
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under-representation, lack of sensitivity to change, low
discriminative power, presence of bias, and striking floor
and ceiling effects in community-dwelling populations.”™®
To overcome some of these problems, aggregated mea-
sures of ADLs and IADLs have been constructed.? *~'° In
general, these studies have supported a single underlying
dimension,2 1012 14216 4504 they have also underlined
serious concerns regarding the purported hierarchy of
functional disability, and evidences of differential item
functioning (DIF) regarding age and gender.” '' '* 17
When ADL and IADL scales have been combined, the
age-related and gender-related measurement bias was sig-
nificantly attenuated.” '> Moreover, conducting parametric
statistics with summative scores from these scales violates
the fundamental assumption of equal-interval scaling and
increases the probability of type I and II errors.” '* 7 ¥ It
has also been observed that summative scores of ADLs/
IADLs underestimate mean disability in cross-cultural
studies.” Summative scores obtained from hierarchical
scales wrongly assume that (1) all items are measuring the
same disability continuum, (2) each item contributes
equally to the final score and (3) scores are not dependent
on samples and items.

Frequently reported large floor and ceiling effects in
ADL and IADL scales in relatively healthy populations
also represent evident threats to validity and reliability but,
surprisingly, their effects have been largely ignored. For
example, the examination of the reliability of scores in
ADLs, IADLs and mobility scales with more precise and
more appropriate statistics than Cronbach’s o has not
been addressed.

A recognised advance in ensuring the quality of
health-related instruments is the Rasch model, a para-
metric item response theory (IRT) model that trans-
forms raw scores into interval-scaled measures, and
allows the unequivocal confirmation of the formal item
hierarchy.'” According to the model, the probability of
endorsing an item is a logistic function of the difference
between the person’s ability (latent trait, 8) and the
item difficulty (8). Thus, persons with low disability have
a lower probability of being limited in easy activities (eg,
eating), whereas more disabled persons have a higher
probability of being limited in more difficult activities
(eg, shopping). This is usually presented as follows:

Pi(Xis=1) = e(8s — 8,) /[1+ (65 — 6]

X;s refers to a correct response (X=1) made by partici-
pant s to item i; O, refers to the trait level of participant
s; &; refers to the difficulty of item i; e is the base of the
natural logarithm (e=2.71828).

Persons and items are calibrated on a common
interval-level scale (expressed in logits), so it is possible
to assess how reliably persons and items can be hierarch-
ically ordered from low to high levels of disability.
A unique property of this model is specific objectivity,
meaning that the estimation of item parameters is inde-
pendent of the persons used (ie, person invariance),

and that the estimation of the person parameters is
independent of the particular items employed (ie, item
invariance).18 Finally, for the Rasch model, missing data
do not cause bias or lower the precision of disability
measurements.

The aim of this study is to provide a single metric of
disability using Rasch modelling with data drawn from
the Survey of Health, Ageing and Retirement in Europe
(SHARE) to be used for disability severity comparisons
across groups or countries. In addition to ADL and
IADL items, we incorporate mobility tasks in order to
expand the validity construct, based on the accumulative
evidence suggesting that mobility limitations are a pre-
cursor of disability in ADLs and IADLs and that they are
less affected by floor effects.” © 1 19 To the best of our
knowledge, neither the precise severity level of aggre-
gated ADL, JADL and mobility items has been esti-
mated, nor has the ability of a single metric to separate
persons with different levels of disability been estab-
lished. We performed DIF to examine whether the mea-
sures were invariant across age, gender, medical
conditions, symptomatology and self-rated health.
Finally, we adopted the method of known-groups validity
to examine the gains in precision using interval-level
measures relative to ordinal scores for discriminating
between groups known to differ in disability.

METHODS
Study design

Cross-sectional, population-based study.

Participants

Data were drawn from wave 4 (2010-2011) of SHARE
including comparable data across 16 countries and invol-
ving 58489 community-dwelling adults aged 50+.
Representative samples from Austria, Belgium, the Czech
Republic, Denmark, Estonia, France, Germany, Hungary,
Italy, the Netherlands, Poland, Portugal, Slovenia, Spain,
Sweden and Switzerland were obtained using probability
samples. Methodological details of the survey are available
elsewhere.”” *' We excluded participants aged under
50 years (n=1254), with missing information across all
ADL/IADL/mobility items (n=339), or institutionalised
(n=368), which resulted in a final sample of 56 528 parti-
cipants. Calibrated sampling weights were used to adjust
for the complex sampling design.

Measures

Disability is measured in SHARE by asking respondents
whether they had ‘any difficulty’ (yes=1, no=0), because
of a physical, mental, emotional or memory problem, in
carrying out daily activities (ADLs, six items; IADLs, seven
items) and functional limitations (10 Nagi-based ques-
tions). ADLs included bathing, dressing, eating, getting
into/out of bed, using the toilet and walking across a
room. IADLs included making meals, shopping, doing
work around the house/garden, making telephone calls,
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using a map, medications and managing money. Mobility
questions asked about kneeling, climbing one flight/
several flights of stairs, walking 100 m, sitting for 2 hours,
getting up from a chair, pulling large objects, lifting heavy
weights, lifting hands above shoulders and picking up a
small coin. The SHARE asked about any difficulty in
physical functioning even with the help of assistive
devices. No information about specific devices was gath-
ered. Data were collected by the interviewer by means of
Computer Assisted Personal Interviewing (CAPI).
Showcards were used alongside CAPI.

Demographic and health variables: We included the fol-
lowing variables: (1) age, gender and years of education,
using the UNESCO International Classification of
Educational Degrees (ISCED-97); (2) self-reported
illness diagnosed by a general practitioner (heart
disease, hypertension, hypercholesterolaemia, stroke,
diabetes, lung disease, asthma, arthritis, osteoporosis,
cancer, ulcer, Parkinson disease, cataracts, hip fracture,
other fractures, Alzheimer disease and benign tumour);
(3) presence of long-term health problems that affect
daily routines (yes/no); (4) self-reported physical symp-
toms (pain, angina or chest pain, breathlessness, persist-
ent cough, swollen legs, sleeping problems, falling over
and fear of falling, dizziness, stomach or intestine pro-
blems, incontinence and fatigue); and (5) self-rated
health using a single question with answer categories
ranging from l=poor to b=excellent.

Data analyses

Descriptive data

Demographic and health variables were examined using
descriptive statistics. For subsequent analyses, we ran-
domly split the sample into two subsamples: one for mul-
tigroup confirmatory factor analyses (MGCFA; n=28 788),
and the other for Rasch-based analyses (n=27 740).

Multigroup confirmatory factor analysis

Before Rasch analysis was conducted, as recom-
rnended,22 tests of measurement invariance were per-
formed to establish whether the general factor structure
(configural invariance) and the factor loadings (metric
invariance) were the same across countries. Once we
tested that the goodness of fit of the unidimensional
model in each country was adequate, we conducted two
hierarchically nested invariance models with increasingly
restrictive constraints. To estimate the parameters, we
used the diagonally weighted least squares and the
asymptotic covariance matrix. Model fit can be consid-
ered good with root mean square error of approxima-
tion (RMSEA) <0.05 and comparative fit index (CFI)
>0.90. The comparison for nested models was based on
ACFI<0.01.>> High floor/ceiling effects in categorical
data can produce attenuated estimates of the correlation
among indicators, lead to ‘pseudofactors’ that are arte-
facts of extremeness, and produce incorrect test statistics
and SEs. Therefore, we carried out the analysis

excluding extreme scores. The final sample included
15 325 participants.

Rasch analysis

We adopted a parametric model (Rasch modelling for
dichotomous responses) for this work because it was
appropriate for our purposes and had several advan-
tages: (1) person-free and item-free invariant parameters
can be estimated, (2) interval-level measures that show
how much (more or less) ability or difficulty exists
between persons or items are provided and (3) the esti-
mates of person and item parameters can be repre-
sented graphically on a common metric to easily
examine the scale targeting, construct validity and pre-
dictive validity.

Fit to the Rasch model was evaluated by the mean
square fit statistics (infit MnSq and outfit MnSq) and
Rasch residual-based principal components analysis
(PCA). Mean square fit statistics indicate how much
misfit is revealed in the actual data. Infit is a weighted fit
statistic in which relatively more impact is given to unex-
pected responses close to a person’s or item’s measure.
Outfit is an unweighted statistic that gives more impact
to unexpected responses far from a person’s or item’s
measure. The expected value for MnSq is close to 1.0
with an accepted range of 0.6-1.4 for surveys. Values
>2.0 indicate a severe misfit.”* In PCA, a strong measure-
ment dimension for unidimensionality is achieved when
the variance explained is >40%, and the eigenvalue of
the first component of residuals is <2.0.%”

Reliability was estimated with the Rasch-based person
reliability (PR) and the person separation (Gp). PR is
more precise and less misleading than Cronbach’s o
(KR-20) because (1) it provides a more detailed picture
of the precision of measures, (2) statistics are estimated
from linear measures and (3) it is not affected by
extreme scores where error variance is the largest. Gp
represents the scale’s ability to separate the sample into
different strata of disability (strata=(4Gp+1)/3). We also
examined how precise the scale was at various ranges of
the disability continuum to determine appropriate
cut-off points by plotting the test information function
(TIF) according to persons’ ability. TIF is defined as the
reciprocal of the precision with which a parameter is
estimated. Score accuracy is high where SEs are low.
PR>0.70 (for group comparisons), Gp>1.5, TIF>4 and
SE around 0.5 are desirable values.** *°

The invariance of the item hierarchy across countries
was evaluated by (1) intraclass correlation coefficients
(ICGs) that indicated the overall agreement across the 16
countries and (2) a matrix of Spearman correlation coef-
ficients that revealed the consistency between countries in
the rank order of the item calibrations. Coefficients can
be interpreted as follows: 0.6 or higher indicates moder-
ate agreement; 0.7-0.8 indicates strong agreement and
>0.8 indicates almost perfect agreement.27

The invariance of the item hierarchy across subgroups
was examined with DIF analyses in five different groups:
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age (<75 vs 75+), gender (male vs female), medical con-
ditions (none vs 1+; <1 vs 2+), physical symptoms (none
vs 14+; <1 vs 2+) and selfrated health (excellent/very
good/good vs fair/poor). We used the Mantel-Haenszel
model (MH) and the DIF CONTRAST estimate that cal-
culates the difference between the estimators of the item
parameter of difficulty for each group. In large samples,
differences higher than 0.64 and 0.50 logits for MH and
DIF CONTRAST, respectively, and statistically significant
(with Bonferroni correction), are considered substan-
tial.?* ?® To detect whether DIF may cause bias, we
assessed its impact on the scale measures by examining
differential test functioning.”® ** We estimated a Rasch
model for each group separately and the expected score
was plotted against the measured disability dimension
using test characteristic curves (TCCs). The area
between the curves reveals the magnitude of bias.!'? 3

Relative precision
The relative precision (RP) method was used to
compare the best performance between interval-level
measures and summative scores for distinguishing dis-
ability severity levels among persons with different
medical conditions. RP indicates how much more or less
precise Rasch-based scores are relative to the ordinal
scores. RP is calculated as the ratio of pairwise F statistics
(the intervallevel measure F statistics divided by the
ordinal score F statistic).

Descriptive analyses and general linear models were
conducted with SPSS V.21, MGCFA with LISREL V.8.80
and Rasch analyses with WINSTEPS V.3.70.

RESULTS

Demographic data

Table 1 shows the basic characteristics of participants in
each country. The average age ranged from 64.5 to
69.2 years, with women representing ~55% of the
sample within each country. Although in the majority of
the countries more than half of the respondents
reported having long-term illness and approximately two
chronic conditions and physical symptoms, their self-
rated health was good.

MGCFA analyses

As shown in table 2, the unidimensional solution
showed a good model fit (RMSEA from 0.039 to 0.057)
in all countries. All factor loadings were statistically sig-
nificant (p<0.01) and salient. The subsequent configural
and metric models showed good fit to the data and the
restrictions imposed did not result in a significant drop
in model fit.

Rasch analyses

Fit of persons and items to the Rasch model: As recom-
mended,”’  the most misfitting  persons  (outfit
MnSq>2.0) were removed because their inclusion dis-
torted the person parameter estimates. We followed an

iterative process by first removing the individuals with
the highest outfit (MnSq=9.90, mainly as a result of
unexpected responses by low and high disabled
persons), and then by examining person estimates in
each step. Separation and person reliability reached
their highest values after excluding 1258 respondents.
We did not find a pattern in the sociodemographic vari-
ables, health variables or across countries for those
persons with idiosyncratic responses. The final sample
included 26 482 respondents, including a low percent-
age of misfitting persons (2.8% with outfit MnSq
ranging from 2.0 to 3.77). Statistics indicated a good
model data fit for persons (mean infit MnSq=1.00,
SD=0.31; mean outfit MnSq=0.71, SD=0.42) and for
items (mean infit MnSq=0.98, SD=0.14; mean outfit
MnSq=0.74, SD=0.42). The infit and outfit statistics for
all the items were in an appropriate range. The low
outfit MnSq (<0.60) statistics in ADL/IADL items indi-
cated that they were too predictable. This overfit had no
practical implications, except in situations of shortening
scales, because these items did not degrade the
measure. The PCA showed that the scale met the criter-
ion for essential unidimensionality (44% of explained
variance and eigenvalue of 1.7). Logits were transformed
into more meaningful values from 0 (no disability) to
100 (highest disability; table 3).

Person—item targeting and item hierarchy: The item loca-
tions ranged from 3.06 logits for the easiest task (taking
medicines) to —3.56 logits for the most challenging
tasks (stooping, kneeling, crouching), indicating an
adequate spread of disability levels (see table 4). The
mean level of disability among participants (8=—2.77
logits) was lower than the average level of item difficulty
(8=0), indicating that the scale was ‘slightly off target’
2<|0—38|<3 from the sample.'® Thus, items that spread
outside the range of persons did not contribute much to
the measurement. The person—item map (figure 1)
showed that the easiest tasks (eg, eating, taking medi-
cines) were off-target even for persons located at or
close to the average level of persons. This indicated that
better targeted items at the lower end of the scale were
appropriate for adequately measuring persons with the
lowest disability levels. The addition of mobility tasks to
ADLs and IADLs in a single metric yielded a lower per-
centage of persons with zero scores (floor effect=48.5%)
than that resulting from separate scales (see table 1).

Regarding the hierarchy of functional decline, mobil-
ity tasks were, as expected, more challenging than
IADLs and ADLs. However, IADLs were not clearly more
challenging than ADLs. Specifically, some ADLs were
more challenging (eg, ‘dressing’ or ‘bathing’) than
some IADLs (eg, ‘managing money’ or ‘preparing a hot
meal’). Similarly, item location estimates for apparently
similar activities (eg, ‘walking 100 m’ and ‘walking across
a room’) were markedly different (—1.05 and 2.21 logits,
respectively).

The rank ordering of the item difficulties was similar
for all countries (Spearman correlation coefficients
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Table 1 Demographic and health variables of participants aged 50+ in SHARE wave 4 (2010/11) by country

Variables Austria Germany Sweden The Netherlands Spain Italy France Denmark
Sample size, N 5044 1543 1919 2689 3477 3510 5515 2190

Age, mean (SE) 65.5 (0.15) 67.3 (0.28) 69.2 (0.26) 67.5 (0.21) 67.7 (0.26) 65.9 (0.33) 66.8 (0.19) 66.2 (0.24)
Range (IQR) 14 (50-97) 13 (50-100) 13 (50-99) 13 (50-98) 18 (50-102) 14 (50-100) 17 (50-104) 16 (50-100)
Sex (% men) 42.6 46.2 45 43.9 44 46.5 43.3 44.6

Marital status (%)

Married 63.6 55.5 56.7 68.4 68.3 725 65.2 65.7

Single 8.5 2.2 2.2 4.4 8.1 7.5 8.5 7

Divorced 13 10.2 9.9 10.2 45 2.9 10.1 11.7

Widowed 14.9 32 31.2 17 191 171 16.2 15.6
Educational level (% ISCED)

Low (0-2) 22.8 12.7 36.4 46 79.4 67.4 434 10

Medium (3—4) 50.8 60 36.7 25.6 10.5 26.7 36.3 34.9

High (5-6) 26.4 27.3 26.8 27.5 10 5.9 20.3 55.1
Multimorbidity, mean (SE) 1.7 (0.02) 1.7 (0.04) 1.4 (0.03) 1.4 (0.03) 2.0 (0.04) 1.5 (0.04) 1.6 (0.03) 1.5 (0.03)
Symptomatology, mean (SE) 1.7 (0.03) 2.1 (0.05) 1.7 (0.05) 1.6 (0.04) 2.1 (0.05) 1.7 (0.06) 2.2 (0.04) 1.6 (0.04)
Long-term illness (% yes) 46.9 66.6 55.2 52.2 54.4 39.5 49 48.2
Self-rated health (%)

Excellent 9.4 3.6 16.3 10.6 43 8 6.1 19.4

Very good 25.9 12.9 23.9 16.5 14.4 17 14.6 33.7

Good 34.6 40.9 27.5 42 34.6 36.8 43 24.6

Fair 23.8 325 23.9 26.2 30.3 23.6 25.2 17.3

Poor 6.4 10.1 8.5 4.7 16.4 11.9 11 5.1
ADL (%)

No limitations 90 96.7 89.2 93.3 85.5 89.1 88.4 93
IADL (%)

No limitations 82.3 83.9 86.2 85.3 79.3 83.7 84.5 88.4
Mobility (%)

No limitations 51.1 41.8 53 59.6 46.4 46 50.2 65.2
Variables Switzerland Belgium Czechia Poland Hungary Portugal Slovenia Estonia
Sample size (N) 3612 5053 5845 1704 2971 1991 2700 6667
Age, mean (SD) 66.3 (0.18) 66.2 (0.22) 65.6 (0.18) 67.7 (0.25) 65.6 (0.37) 64.5 (0.44) 65.9 (0.22) 67.1 (0.14)
Range (IQR) 15 (50-101) 17 (50-101) 14 (50-99) 14 (50-104) 13 (50-101) 15 (50-95) 16 (50-99) 16 (50-101)
Sex (% men) 45 46.4 41.7 41.6 39.8 441 421 36.8
Marital status (%)

Married 64.2 65.9 67 43.4 57 80.6 62.7 50.5

Single 8.2 6.5 3.1 15 4 2.7 7 9.6

Divorced 15 12.8 12.6 3.6 10.8 4.1 6.1 14.7

Widowed 12.5 14.8 17.3 51.5 28.2 12.6 24.2 252
Educational level (% ISCED)

Low (0-2) 16.3 43.6 422 20.5 34.7 54.1 35.8 32.1

Medium (3—4) 66.3 275 46.4 58.1 52.2 7.7 47.3 471

High (5-6) 17.3 29 11.4 21.4 13.1 38.2 16.9 20.8
Multimorbidity, mean (SE) 1.3 (0.02) 1.9 (0.03) 1.7 (0.03) 1.8 (0.04) 2.3 (0.07) 1.7 (0.09) 1.6 (0.03) 2.1 (0.02)
Symptomatology, mean (SE) 1.4 (0.03) 2.0 (0.04) 2.2 (0.04) 2.5 (0.06) 3.0 (0.12) 2.0 (0.11) 1.8 (0.04) 2.4 (0.03)

Continued
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ranged from 0.88 to 0.99; table 5). The ICC for agree-
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@ 8 L8 hot meals’ showed a higher difficulty estimate for
-é @ 3 % g g _%"5 females. No further DIF was found. TCCs for age and
3 m g E g % '§ 5 B9S ié gender groups revealed that their expected and
- % | s 23 g.g . < E gg ;g g% observed scores .matched almost per.fectl}f, indicating
g 8 N é”&,\; u% 5 8 E 08_ :§ 5, S = 2 g j’ that 1tems dlspl?lylng DIF were not causing bias. .
© g (% S c% <Dt < § <=n:<Dn: Relative precision: As can be seen in table 7, interval

measures produced gains in RP in all of the medical
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Table 2 Goodness of fit indices for measurement invariance model comparisons across 16 countries

N RMSEA 90% ClI CFI SRMR GFI ACFI

Unidimensional model

Austria 1285 0.039 (0.036 to 0.043) 1 0.07 0.99

Germany 460 0.040 (0.038 to 0.045) 1 0.08 0.98

Sweden 475 0.053 (0.051 to 0.060) 0.99 0.08 0.97

The Netherlands 614 0.050 (0.044 to 0.056) 0.99 0.10 1

Spain 942 0.056 (0.053 to 0.066) 0.98 0.07 0.97

Italy 965 0.057 (0.054 to 0.066) 0.99 0.10 0.97

France 1467 0.052 (0.049 to 0.058) 0.99 0.09 0.99

Denmark 400 0.051 (0.048 to 0.064) 1 0.13 0.98

Switzerland 691 0.048 (0.044 to 0.053) 0.99 0.10 1

Belgium 1478 0.050 (0.046 to 0.053) 0.99 0.07 0.98

Czechia 1650 0.045 (0.042 to 0.048) 1 0.07 0.98

Poland 497 0.049 (0.039 to 0.051) 1 0.07 0.98

Hungary 961 0.055 (0.051 to 0.060) 0.98 0.11 0.97

Portugal 628 0.052 (0.047 to 0.058) 0.99 0.08 0.97

Slovenia 769 0.053 (0.049 to 0.063) 0.99 0.07 0.98

Estonia 2043 0.047 (0.044 to 0.050) 1 0.07 0.98
Configural 0.044 (0.036 to 0.049) 0.99
Metric 0.061 (0.058 to 0.065) 0.99 <0.01

Factor loadings in the metric invariance model were: walking 100 m (A=0.75), sitting 2 hours (A=0.42), getting up from a chair (A=0.62),
climbing stairs (A=0.64), climbing a stair (A=0.70), kneeling (A=0.64), reaching arms (A=0.53), pulling large objects (A=0.74), lifting heavy

weights (1=0.68), picking a small coin (A=0.51), dressing (A=0.71), walking across a room (A=0.87), bathing (1=0.86), eating (A1=0.77), getting
into/out of bed (A=0.77), toileting (A=0.88), using a map (A=0.59), preparing a hot meal (1=0.88), shopping (A=0.87), telephone calls (A=0.79),

taking medications (A=0.86), housework (A=0.75), managing money (A=0.74).
CFl, comparative fit index; GFl, goodness of fit index; RMSEA, root mean square error of approximation; SRMR, standardised root mean

square residual; ACIF, comparative fit index difference test.

conditions (above 50% in 9 out of 16 comparisons).
Specifically, Rasch-based measures were two times more
effective than summative scores for detecting differences
in disability in persons ‘diagnosed vs non-diagnosed’ as
having osteoporosis or benign tumour. Interval measures
were also ~70% better at discriminating between diag-
nosed and non-diagnosed hypertension, cholesterol,
asthma or arthritis. Low gains were observed for medical
conditions such as Alzheimer disease, Parkinson and hip
fracture.

DISCUSSION

Principal findings

Our study presents a hierarchical scale with equal-
interval measures and person-invariant and item-
invariant properties to measure disability severity in
community-dwelling adults and older adults. We provide
strong evidence regarding the hierarchical structure of
functional disability, independent of country, age,
gender, medical conditions, symptomatology and self-
rated health.

Fit statistics, PCA and invariance analyses showed that
the single metric of disability achieved the requirements
of a strong hierarchical scale. Our findings support pre-
vious studies suggesting that ADL, IADL and mobility
items contributed a unidimensional construct of disabil-
ity.M 1532 1 addition to this, the property of specific
objectivity facilitates the generalisability of results. As
regards, we aim to address the most recent claims

resulting from public health studies®® for the need to
create composite measures of disability that permit
accurate comparisons of functional status across and
within countries.

Differential item functioning

Our findings coincide with research showing DIF by age
and gender.9 12 However, we did not find evidence of
bias.'® It is important to note that our results are not
completely comparable to previous studies that exam-
ined the ‘need for help’ instead of the ‘difficulty with’
daily activities. Plausibly, the ‘need for help’ is more
dependent on social network availability, gender roles
and culture, among other variables; hence, the existence
of DIF can be expected. Furthermore, we also demon-
strated that the scale was not biased by medical
conditions, symptomatology and self-reported health.
Therefore, researchers can use it confidently for com-
parisons of disability in adults and older adults with a
wide variety of health conditions. This is an important
contribution because previous studies have only focused
on age and gender, and the impact of health-related
variables has not been addressed.

We examined DIF in heterogeneous groups according
to the number, but not the type, of self-reported diseases
and symptomatology, and therefore did not explore the
risk of bias associated with specific diseases or symptoms
when performing different activities. Previously, a cross-
cultural adaptation of the Functional Independence
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Table 3 Normative measures for the disability scale
across countries

Raw score Rescaled measure

(0-23) Measure  (0-100) SE
o* —5.86 0 1.88
1 —4.51 11 1.10
2 -3.62 19 0.84
3 -3.01 24 0.73
4 —-2.52 28 0.67
5 -2.10 32 0.63
6 -1.73 35 0.60
7 —-1.38 38 0.58
8 -1.05 41 0.56
9 -0.74 44 0.56
10 -0.43 46 0.55
11 -0.13 49 0.55
12 0.17 52 0.55
13 0.47 54 0.55
14 0.78 57 0.56
15 1.09 60 0.57
16 1.42 62 0.58
17 1.76 65 0.59
18 2.13 68 0.62
19 2.53 72 0.65
20 2.99 76 0.71
21 3.56 81 0.81
22 4.41 88 1.07
23* 5.72 100 1.87

Transformation of the raw scores to interval-level scores on a logit
scale.

*Extreme scores measure inaccurate estimate of disability.

A higher raw score indicates a higher disability. As can be seen,
the 1-point difference between a raw score of 15 and 16 points is
2 on the interval scale, whereas the 1-point difference between a
raw score of 1 and 2 points is 8 on the interval scale.

Measure (FIM) for patients with stroke showed that dif-
ferent calibrations for several items were necessary.”*
Thus, future cross-cultural studies could assess DIF
across subpopulations with specific medical conditions
and settings in order to ensure the comparability of dis-
ability measures.

Contextual and environmental factors can also affect
the calibration of items and distort outcome measures.
As has been previously stated,” differences in the esti-
mates of disability are caused by theoretical perspectives,
methodological issues (eg, wording or response categor-
ies) and environmental factors. The ‘difficulty with’ or
the ‘need for help’ with specific activities may be largely
mediated/moderated by environmental variables. In
practical terms, it is possible that calibrations (3) for
some daily activities can change in different geograph-
ical or cultural contexts (eg, ‘dressing’ is probably more
challenging in Finland than in Bora Bora). Other
factors affecting the estimates of disability are related to
the availability of personal and social resources (income,
spouse, education, etc), or even the use of assistive
devices,” which is an issue that should be investigated in
the future. Additionally, the analysis of DIF within IRT is
a useful mechanism to evaluate the impact of these

8

factors on disability estimates and make the appropriate
adjustments (ie, different calibrations).

Relative precision

We demonstrated gains in RP for comparisons of disabil-
ity severity using interval measures (averaged gained
58%) in all of the medical conditions. These gains have
occurred mainly through greater differences between
groups in scores at the lower extreme of the distribution,
where the relationship between raw scores and Rasch
measures is non-linear (as at the upper end). This is an
important issue because large survey population studies
have to face the challenge of comparing groups/coun-
tries with low and/or similar disability levels. Rasch mea-
sures and summative scores showed similar precision
when comparing diagnosed and non-diagnosed partici-
pants with Alzheimer, Parkinson disease and hip frac-
ture. Neuropsychological diseases and fractures produce
severe disability levels involving instrumental and self-
care activities of daily living. Mean scores of disability of
participants diagnosed with these medical conditions
indicate that they are located near to the middle of the
distribution (eg, mean=10.89 for Alzheimer disease),
where the relationship between raw scores and Rasch
measures is linear. In these conditions, parametric ana-
lyses conducted with raw scores may yield an accurate
comparison of groups. Although we have not measured
change in scores over time, the advantages in the preci-
sion of Rasch measures are also applicable in longitu-
dinal design studies.”

Scale targeting and hierarchical structure

Despite the aforementioned positive findings, there are
some issues that cause concern. The first one is related
to construct underrepresentation. The item—person
map revealed that the scale is better targeted at more
disabled people than those less disabled. Paradoxically,
epidemiological studies attempt to target relatively
healthy respondents (at the low end of the distribution)
in order to better plan health, social and long-term care
services. Off-target scales negatively affect the precision
of the item estimates, do not make for an efficient meas-
urement and do not provide enough information along
the desired population range.”* The expected positive
effect of adding mobility limitations to our metric in
order to expand the construct may have been cancelled
out by the inclusion of relatively healthy adults aged 50+.
Previous authors have demonstrated that the dimension-
ality of ADL/IADL items could vary depending on if dis-
abled or non-disabled people were included in the
analysis.9 Therefore, we carried out an additional ana-
lysis, selecting persons aged 65 years and over (n=14 339;
results not shown but available on request), to observe
the impact on reliability and targeting. We found a low-
ering in the floor effect (from 48.5% to 35%), but a
similar reliability (PR=0.77, separation=1.86) and
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Table 4 Fit statistics and hierarchy of the disability items

Infit Outfit
Activity MnSq MnSq Location SE
Stooping, kneeling or crouching Mobility 1.04 1.00 -3.56 0.02
Climbing several flights of stairs without resting Mobility  1.02 0.98 -3.36 0.02
Lifting or carrying weights over 10 pounds/5 kilos, like a heavy bag of groceries Mobility 0.99 0.96 -2.57 0.02
Getting up from a chair after sitting for long periods Mobility  1.08 1.10 —2.24 0.02
Pulling or pushing large objects like a living room chair Mobility  0.97 0.91 —1.66 0.02
Climbing 1 flight of stairs without resting Mobility  1.02 0.98 -1.22 0.02
Sitting for about 2 hours Mobility  1.38 1.76 -1.07 0.03
Walking 100 m Mobility 0.93  0.84 -1.05 0.03
Doing work around the house or garden IADL 0.89 0.74 -1.04 0.03
Reaching or extending your arms above shoulder level Mobility 1.21 1.44 -0.78 0.03
Dressing, including putting on shoes and socks ADL 0.99 0.78 -0.21 0.03

Using a map to figure out how to get around in a strange place

Shopping for groceries
Bathing or showering
Getting into or out of bed

Managing money, such as paying bills and keeping track of expenses

Picking up a small coin from a table
Preparing a hot meal

Using the toilet, including getting up or down
Walking across a room

Making telephone calls

Eating, such as cutting up your food

Taking medications

IADL 1.14 1.05 0.04 0.03
IADL 0.80 0.43 0.23 0.03
ADL 0.79 0.41 0.46 0.04
ADL 0.95 0.45 0.97 0.04
IADL 1.00 0.50 1.23 0.04
Mobility 1.19 0.69 1.31 0.04
IADL 0.81 0.29 1.41 0.05
ADL 0.83 0.21 2.06 0.06
ADL 0.82 0.17 2.21 0.06
IADL 0.93 0.20 2.83 0.07
ADL 0.93 0.20 2.96 0.08
IADL 0.90 0.17 3.06 0.08

Item difficulty, items ordered according to the expected hierarchy of difficulty from the easiest to endorse (stopping, kneeling or crouching=

—3.56) to the most difficult (taking medications=3.06 logits).

ADL, activities of daily living; IADL, instrumental activities of daily living; MnSq, mean square residual.

targeting (mean person score=—2.26), which repre-
sented a non-significant improvement. Attempts to
expand the construct of disability in a single metric for a
community-dwelling population should include mental
health functions, more infrequent and demanding tasks,
physical performance measures, sensory and communi-
cating limitations, as well as pain, fatigue and tiredness™
to better target the general population.

Another aspect to which some thought must be given is
related to the hierarchical structure of disability. It has
been widely accepted that ADL/IADL items can be
ordered by the complexity of neuropsychological organisa-
tion involved with the decline in IADLs and the ambula-
tion preceding ADLs."”> '® *7 3% In contrast, we provide
additional evidence supporting a blurred hierarchical
structure of functional decline when ADLs and IADLs are
combined.” '* '® #*!' We found a disordered hierarchy
among activities of moderate difficulty,” as well as among
easy activities such as ‘toileting (6=2.06) and ‘taking medi-
cations’ (8=3.06). As has been suggested,® the relative
overlap of ADL and IADL items in aggregated scales may
be reflecting different disability profiles resulting from the
interaction of multiple factors, and therefore the pur-
ported strict hierarchy is only achieved in terms of general
dimensions instead of specific activities or tasks. Studies
with more homogeneous samples, for example, with spe-
cific chronic diseases or physical impairments, may reveal
the existence of different formal hierarchies.

Reliahility

Although the reliability of scores of the single metric was
adequate, we found that a very low reliability of ADL
and IADL scores (as separate scales) yielded important
effects on the measurement of disability. For example,
low reliability attenuates effect sizes and increases the
chance of type II errors. As a consequence, researchers
may not find the expected differences across groups or
some results could be misleading. The discrepancies
observed in table 6 between Cronbach’s o (0.78 for
ADLs and IADLs) and the Rasch reliability (PR=0.26
and 0.36, respectively) reflect the negative impact of the
different factors on the classical approach to reliability.
All factors are present in the ADL and IADL scales: low
number of items, skewed distributions, marked floor
effect, low TIF and high SEs. If the requirement mea-
surements are violated, coefficient o yields spuriously
high estimates of reliability that do not reveal the poor
metric quality of the scores.*

The alternative non-parametric approach

While we addressed the issue of cross-cultural validity
within the framework of a highly restrictive parametric
model, non-parametric IRT models (eg, Mokken
scaling) have been successfully applied to evaluate the
measurement invariance of disability scales.® 1t
Non-parametric models relax some of the strong
assumptions of measurement that are required for
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Figure 1 Hierarchical structure of the disability scale. The person—item map displays the joint locations of person disability
measures (left side) and item difficulty calibrations (right side). In the left column, the more disabled participants are located near
the top of the figure (positive values), and the less disabled at the bottom (negative values). In the right column, the items difficult
to endorse (easiest tasks) are located near the top of the map. Continuous lines with labels represent limits for levels of disability
according to the reliability indices and the test information function as are described in the next section about reliability of scores.
The M and S on the vertical line between the two columns refer to mean and SD (S=1 SD, T=2 SD) statistics for persons and
items measured in logit. According to the general formula, the probability of endorsing any item can be calculated by using the
item difficulty (8) and person ability estimates (8). Thus, a respondent with the average ability of the sample (6=—2.77, raw
score=4) has a 69% probability of endorsing the item ‘stooping, kneeling or crouching’, whereas for the same persons the
probability of endorsing the item ‘preparing a hot meal’ is 1%. When the ability-difficulty difference 16—3l reaches 3 logits, the
items are said to be ‘rather off-target’.2* ADL, activities of daily living; IADL, instrumental activities of daily living; MOB, mobility.
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Table 5 Spearman’s correlation coefficients of the single metric item calibrations across countries

AT DE SE NL ES IT FR DK CH BE cz PL HU PT Si EE
AT  1.00
DE 0.95 1.00
SE 095 094 1.00
NL 097 092 094 1.00
ES 096 092 090 095 1.00
IT 095 090 092 095 098 1.00
FR 098 09 093 09 09 095 1.00
DK 089 092 090 088 092 090 091 1.00
CH 093 092 092 091 092 093 093 0.88 1.00
BE 096 093 094 09 09 09 09 091 092 1.00
CZ 097 09 095 095 096 096 096 092 094 098 1.00
PL 092 089 090 093 093 094 093 09 088 09 094 1.00
HU 094 088 093 092 094 09 095 089 088 096 095 097 1.00
PT 091 088 090 094 092 094 092 088 09 096 093 097 093 1.00
SI 096 092 092 09 09 097 09 089 091 09 09 096 097 097 1.00
EE 097 095 095 09 09 09 098 090 094 099 098 09 097 097 098 1.00

p<0.001 in all cases.
AT, Austria; BE, Belgium; CH, Switzerland; CZ, Czechia; DE, Germany; DK, Denmark; EE, Estonia; ES, Spain; FR, France; HU, Hungary; IT,
Italy; NL, the Netherlands; PL, Poland; PT, Portugal; SE, Sweden; SI, Slovenia.

Test Information Function

Table 6 Reliability statistics for the single metric, and 3
separate scales of self-care activities, instrumental -
activities and mobility limitations "]
Single 47 Raw=11
metric ADL IADL Mobility v | I RE=1s
Extreme i
persons 48.5% 91% 84.6% 49.4% g o
Cronbach’s o*  0.90 078 0.78 0.84 B
PR 0.74 0.26 0.36 0.61 S
Gp 1.70 059 074 1.24 E .|
Strata 2.66 112 1.32 1.98
TIF 3.52 093 099 1.89
SE 0.55 1.04 1.01 0.73 i
SE (measured where information is maximum).
*Cronbach’s o coefficient is included only for comparative 05 1
purposes that are detailed in the Discussion section.
ADL, activities of daily living, Gp, person separation; IADL, T o A S B o, R e, S R A T
instrumental activities of daily living; PR, person (Rasch-based) o G bl Measuré il o Wi 2

reliability; TIF, test information function indicating the maximum
information of the scale.

Rasch analysis. This can lead to more general conclu-
sions and is more conservative; for example, when
researchers are interested in retaining more items from
a pool yielding higher reliability and better coverage of
the latent trait.** For this reason, Mokken has been
widely used for scale development and psychometric
studies of scales with a small number of items. Moreover,
Mokken yields ordinal-level measures that can be
enough to order items, persons or both in most cases,
especially when persons are performing at or near the
midpoint of the range of the scale, or can also be used
to determine whether change in an individual’s health
status has occurred. In contrast, interval-level measures
allow estimates of how much more (or less) change has

Figure 2 Test information function representing how well
each (dis)ability level is being estimated with the scale. The
amount of information is maximum at the person ability
location of 0 logits (raw score 11), and about 3.15 for the
locations of +1.5 logits (raw score=8 and 15, respectively).
(Dis)ability cannot be estimated with precision when outside
of this range.

occurred, produce gains in precision over ordinal scores
in discriminating between groups, and are ideally suited
for studying longitudinal change.'® ** *® *> The conjoint
representation of persons and items on a common
metric in Rasch modelling provides an easy evaluation
of the reliability of scores (by means of item targeting),
the construct validity (by means of the item-difficulty
hierarchy) and the predictive validity (by means of the
person-ability hierarchy).'® #* %
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Table 7 Comparisons of the RP values of the two scoring methods for discriminating between groups differing in disability
severity levels across medical conditions

Scoring Diagnosed Non-diagnosed Mean difference F RP
Heart attack

n 7888 48 595

Summative 4.50 (0.16) 2.37 (0.05) 2.13 (0.17) 15 762 1

Interval 23.76 (0.59) 13.99 (0.19) 9.77 (0.63) 233.83 1.48
Hypertension

n 22 532 33951

Summative 3.20 (0.07) 2.29 (0.05) 0.90 (0.09) 90.73 1

Interval 18.31 (0.31) 13.30 (0.23) 5.00 (0.39) 157.24 1.73
Cholesterol

n 13210 43 273

Summative 3.12 (0.09) 2.47 (0.04) 0.64 (0.11) 35.59

Interval 17.88 (0.40) 14.31 (0.21) 3.57 (0.45) 61.07 1.71
Stroke

n 2490 53 993

Summative 7.53 (0.36) 2.46 (0.04) 5.06 (0.37) 183.99 1

Interval 35.01 (1.24) 14.50 (0.18) 20.51 (1.26) 261.88 1.43
Diabetes

n 7169 49 314

Summative 4.23 (0.14) 2.38 (0.04) 1.85 (0.15) 148.60 1

Interval 22.61 (0.55) 14.01 (0.20) 8.59 (0.59) 207.01 1.39
Lung disease

n 3751 52 732

Summative 4.47 (0.18) 2.50 (0.04) 1.97 (0.19) 102.31

Interval 24.45 (0.72) 14.51 (0.19) 9.93 (0.75) 170.66 1.67
Asthma

n 403 56 080

Summative 4.01 (0.25) 2.63 (0.04) 1.38 (0.25) 29.14

Interval 23.13 (1.09) 15.17 (0.18) 7.86 (1.10) 50.23 1.72
Arthritis

n 13 946 42 537

Summative 4.16 (0.09) 2.02 (0.05) 2.14 (0.11) 385.23 1

Interval 23.37 (0.36) 11.90 (0.21) 11.47 (0.44) 676.29 1.75
Osteoporosis

n 743 55 740

Summative 3.24 (0.18) 2.63 (0.04) 0.60 (0.19) 9.87 1

Interval 18.85 (0.76) 15.17 (0.18) 3.68 (0.79) 21.32 2.16
Cancer

n 3036 53 447

Summative 3.78 (0.22) 2.57 (0.04) 1.20 (0.22) 28.48

Interval 21.05 (0.89) 14.89 (0.19) 6.15 (0.92) 44.73 1.57
Stomach ulcer

n 3272 53211

Summative 4.58 (0.24) 2.54 (0.04) 2.04 (0.25) 66.77 1

Interval 24.71 (0.95) 14.73 (0.18) 9.98 (0.97) 105.33 1.58
Parkinson

n 409 56 074

Summative 9.82 (0.82) 2.58 (0.04) 7.23 (0.82) 77.60

Interval 42.97 (2.81) 14.98) (0.18) 27.99 (2.82) 98.31 1.27
Cataracts

n 4876 51 607

Summative 3.76 (0.20) 2.52 (0.04) 1.23 (0.21) 33.54 1

Interval 20.31 (0.79) 14.67 (0.19) 5.64 (083) 45.24 1.35
Hip fracture

n 1364 55119

Summative 6.37 (0.38) 2.54 (0.04) 3.82 (0.38) 97.91 1

Interval 30.09 (1.33) 14.83 (0.18) 15.26 (1.36) 125.87 1.28

Continued
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Table 7 Continued

Scoring Diagnosed Non-diagnosed Mean difference F RP
Alzheimer

n 765 55718

Summative 10.89 (0.53) 2.49 (0.04) 8.40 (0.53) 245.65 1

Interval 45.82 (1.90) 14.66 (0.18) 31.15 (1.92) 273.47 1.11
Benign tumour

n 221 56 282

Summative 2.90 (0.25) 2.63 (0.04) 0.23 (0.25) 1.03 1

Interval 17.04 (1.24) 15.19 (0.18) 1.84 (1.25) 2.15 2.08

p<0.001 in all cases, except for osteoporosis (p=0.002) and benign tumour (p=NS).
Values expressed in means and SE. Wald F test was used to compare groups. Age and gender were entered as covariates.

NS, not significant; RP, relative precision.

Final recommendations

Our findings raise an important question regarding the
choice of scales. That is to say, is it better to use a single
metric of disability instead of separate ADL, JADL and
mobility scales? If a researcher aims to estimate the
prevalence of disability using the traditional cut-off score
ADL 1+, IADL 1+ or mobility 1+, and wants to report
findings based on descriptive and non-parametric statis-
tics, then separate scales can be adequate. In this case,
each scale could even be replaced by a single question
(with a binary response format), including all the activ-
ities that the respondent might have difficulty with.
Alternatively, difficulties in daily activities and functional
limitations can be summed, and the aforementioned sta-
tistics can also be performed. However, researchers have
to face several related issues: (1) the well-known
problem of construct under-representation even with
aggregated ADL/IADL scales, (2) the presence of large
floor effects (around 80-90%) that seriously threaten
construct validity and (3) the inability of the scales to
separate statistically persons with different levels of dis-
ability, which implies that additional cut-offs are not
supported empirically. Moreover, some ADLs (eg, dress-
ing) are more challenging than some IADLs (eg, pre-
paring a hot meal), so the inferences regarding the
hierarchy of functional disability of respondents can be
misleading.

Finally, we recommend that in situations where
researchers are interested in (1) comparing disability
severity using summative scores for parametric statistics,
especially with markedly skewed distributions or
expected minimal differences between groups, (2) esti-
mating change scores in longitudinal studies, interval-
level measures from the single metric should be used. In
this way, researchers can be reasonably confident that
any of the differences in disability detected between
countries, age groups, gender, medical conditions, symp-
tomatology and self-rated health are likely to be true dif-
ferences. Furthermore, the availability of interval
measures to conduct parametric statistical analysis
without violating fundamental measurement require-
ment represents a promising field to explore the

relationship between disability and a wide range of
linear measures in health sciences (eg, blood pressure,
cholesterol, C reactive protein, grip strength, etc).
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