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Abstract

Background: Instrumental Activities of Daily Living (IADL) limitations are associated with reduced health-related
quality of life for people with mild cognitive impairment (MCI). For these people, the assessment of IADL is crucial

to the diagnostic process, as well as for the evaluation of new interventions addressing MCl. The Amsterdam IADL
Questionnaire Short Version (A-IADL-Q-SV) is an established assessment tool with good psychometric properties that
has been shown to be robust to cultural differences in Western countries. The aims of this study were to: (1) cross-
culturally adapt and validate the A-IADL-Q-SV for the German-speaking population of Switzerland; (2) investigate its
cultural comparability; and (3) evaluate further psychometric properties.

Methods: The A-IADL-Q-SV German was pretested on clinicians and participants in a memory clinic setting. The
psychometric properties and cultural comparability of the questionnaire were investigated in memory clinic settings
including participants with MCl or mild dementia, as well as participants with normal cognition recruited from the
community. ltem response theory (IRT) was applied to investigate measurement invariance by means of differen-
tial item functioning to assess item bias. Additionally, the test-retest reliability on scale level, the construct validity
through hypothesis testing and the discriminant validity of the A-IADL-Q-SV German were evaluated.

Results: Ninety-six informants of participants with normal cognition, MCl or mild dementia completed the A-IADL-
Q-SV German. The basic assumptions for IRT scoring were met. No meaningful differential item functioning for culture
was detected between the Swiss and Dutch reference samples. High test-retest reliability on scale level (ICC 0.93; 95%
C1 0.9-0.96) was found. More than 75% of the observed correlations between the A-IADL-Q-SV German and clinical
measures of cognition and functional status were found to be in the direction and of the magnitude hypothesized.
The A-IADL-Q-SV German was shown to be able to discriminate between participants with normal cognition and MC|,
as well as MCl and mild dementia.

Conclusions: The A-IADL-Q-SV German is a psychometrically robust measurement tool for a Swiss population with
normal cognition, MCl and mild dementia. Thus, it provides a valuable tool to assess IADL functioning in clinical prac-
tices and research settings in Switzerland.
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Introduction

Instrumental activities of daily living (IADL) comprise
the complex tasks needed to live independently in soci-
ety [1]. Within the context of cognitive decline, IADL
were defined as, “Complex activities with little automated
skills for which multiple cognitive processes are neces-
sary” [2].

Mild cognitive impairment (MCI) is a transient health
state between normal cognition (NC) and dementia
[3]. People with MCI experience cognitive and physi-
cal functioning impairments [3] and IADL limitations
are frequent [4]. The latter are associated with reduced
health-related quality of life [5] and are one of the defin-
ing features distinguishing MCI from NC [6]. They are
predictive of the future development of dementia, both
for people with MCI and NC [7]. Therefore, IADL per-
formance is an important aspect of early cognitive diag-
nostics [8].

Researchers are becoming increasingly aware of the
importance of assessing IADL performance as a key out-
come in intervention trials on older people with MCI
and mild dementia (MD) [4]. Improvements in [IADL
performance make a treatment meaningful for patients
[9]. Furthermore, besides quality of life and self-efficacy,
IADL performance is a prioritised treatment outcome for
people with MCI and their caregivers [10]. To adequately
assess the efficacy and effectiveness of IADL interven-
tions, and to allow for comparison between studies,
assessment tools with good psychometric properties (e.g.
reliability, validity, sensitivity to change) are needed. Ide-
ally, they are also robust across different languages and
cultures.

To date, no gold standard exists for the assessment
of IADL performance. Different methods of measure-
ment are applied, i.e. performance-based assessments,
self-rated and/or informant-rated questionnaires [11].
For people with early cognitive decline, informant-
based questionnaires are the most accurate and con-
venient form of assessment [12]. However, the face
validity of older, although well-known, questionnaires
has been questioned, since they do not include activi-
ties with respect to technical appliances (e.g. computer
use) [11]. Additionally, commonly-used IADL ques-
tionnaires have poor psychometric properties [13]
and lack in sensitivity when classifying healthy age-
ing, MCI and dementia [14]. Several self-reported and

informant-reported IADL questionnaires have recently
been developed to address these drawbacks. These
questionnaires are sensitive to IADL limitations in the
early stages of cognitive decline [4].

The informant-based Amsterdam IADL Question-
naire (A-IADL-Q) was developed to assess IADL func-
tioning. It includes a wide range of IADLs covering
all stages of cognitive decline in the setting of mem-
ory clinics [2]. The A-IADL-Q has been validated in a
Dutch cohort and demonstrated good psychometric
properties [15], as well as diagnostic value [16]. It was
shown to be sensitive to capturing changes over time
[17], and also to be robust across cultural differences
in a comparison between different Western countries,
with regard to culture, sex, age and education [18]. The
European Joint Program for Neurodegenerative Dis-
eases Working Group has recommended the use of the
A-IADL-Q for research and clinical purposes [19]. The
original A-IADL-Q contains 70 items, while the short
version (A-IADL-Q-SV) contains 30 items [17]. The
questionnaire has been translated into thirteen differ-
ent languages, including German. The translation into
German was made by ICON plc, a company specialising
in the translation of clinical instruments (unpublished).
The translation process followed the steps recom-
mended by Beaton et al. [20]. This involved making
two independent forward translations into the target
language (i.e. German) followed by reconciliation into
one version of the forward translation. Subsequently,
two independent backward translations into the source
language (i.e. Dutch) were made to check whether the
intended meaning of the items, answer options and
instructions had been retained. The translation process
was finalized by a consensus meeting of the transla-
tors, the developer and translation project coordinator
[20]. Although clinicians have already reviewed the
translated German version, its cross-cultural validity in
Switzerland has not yet been established.

Therefore, the aims of this study were to: (1) Adapt
and validate the A-IADL-Q-SV German version cross-
culturally, in order to be able to assess IADL perfor-
mance in Switzerland of community-dwelling elderly
people with NC, MCI and MD; (2) Further evaluate
specific psychometric properties (i.e. measurement
invariance, test—retest reliability, construct validity and
interpretability).
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Methods
Design
To obtain a final version of the A-IADL-Q-SV German
version, we firstly pre-tested the translated question-
naire on clinicians and participants in a memory clinic
setting to assess the comprehensibility of the transla-
tion, highlight any items that may be inappropriate at
a conceptual level, and identify any other issues that
may cause confusion, e.g. unclear wording [20, 21]. This
final version of the A-IADL-SV German was then eval-
uated in an observational study with two measurement
time points. Data from the first measurement time
point were used to investigate measurement invariance,
construct validity and discriminant validity. Data from
both the first and second measurement time points
were used to investigate test—retest reliability.

The study was approved by the responsible ethics
committee (EKOS, BASEC-NR. 2017-02200) and was
conducted in accordance to the Declaration of Helsinki.

The A-IADL-Q-SV

The A-IADL-Q-SV contains 30 items and requires
about 10 to 15 min for completion [22]. The question-
naire is adaptive and computerized, although it can also
be administered on paper (with additional instructions
necessary). In this study, the paper version of the ques-
tionnaire was used. All items are rated on a five-point
scale, ranging from ‘no difficulty’ to ‘unable to per-
form’; scoring is based on item response theory (IRT)
[15, 22]. The A-IADL-Q and A-IADL-Q-SV have been
found to meet all the basic assumptions of IRT scor-
ing, based on a Graded Response Model: (1) Unidimen-
sionality, which implies that one underlying latent trait
determines the items (in this case IADL functioning);
(2) Local independence, meaning the independence
of item responses, conditional on the latent trait; and
(3) Monotonicity, meaning the probability of endors-
ing higher item categories as the trait level increases
[15, 22]. The IRT latent trait levels were transformed
into a ‘T-score’ that was calibrated to a memory clinic
population, with a range from approximately 20 to
80, a mean of 50 and a standard deviation of 10, with
higher ‘T-scores’ indicating better IADL functioning
[15]. The A-TADL-Q-SV was translated into German;
work on this translation was not published before. All
30 items of the German questionnaire are the same as
in the original version, and are described in the Addi-
tional file 1: Table 1. The A-IADL-Q-SV German can be
obtained from the developers after registration, and is
free for use in all public health and non-profit agencies
(https://www.alzheimercentrum.nl/professionals/amste
rdam-iadl/).
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Participants and sample size

Community-dwelling older persons of age>60 years
and with NC, MCI or MD, together with their inform-
ants, were included in the study. Informants could
be relatives, close friends or caregivers, who inter-
acted closely enough with the participant to be able
to respond to the questionnaire. Exclusion criteria
for participants were: ‘Moderate to severe’ cognitive
decline (based on the Mini Mental State examination
(MMSE; <20) for participants with MCI or MD, and
the modified telephone interview for cognitive status
(TICS-m;<32) for participants with ND; Cognitive
decline due to causes other than Alzheimer’s disease or
vascular dementia, (e.g. neurological diseases, trauma,
and people diagnosed with depression, alcohol or drug
misuse). Participants with probable MCI or MD were
recruited from two memory clinics in the German-
speaking region of Switzerland (Geriatrische Klinik,
St.Gallen; Psychiatrie St.Gallen Nord, Wil). General
practitioners refer people with potential MCI or MD
to a memory clinic for clarification of their cognitive
complaints (i.e. dementia screening) as part of stand-
ard care. During these screening visits, a member of
our study team gave people verbal and written infor-
mation on the study, answered pending questions and
obtained written informed consent. Participants with
NC were recruited from the local community via fly-
ers and advertisements distributed by the Pro Senec-
tute St. Gallen organization and the Association of
active older-persons in the city and region of St. Gallen.
Interested persons were prompted to contact the study
team by e-mail or telephone. A member of the study
team then provided verbal information to these inter-
ested persons, answered pending questions and sched-
uled a phone call to check the eligibility criteria (e.g.,
TICS-m).

The targeted sample size to execute the cognitive
debriefing/pretest was five clinicians and a minimum of
five informants from people with MCI or MD to com-
plete the A-IADL-Q-SV, with the option to recruit addi-
tional informants until no new issues or comments were
raised [21]. The targeted sample size for the evaluation of
the A-IADL-Q-SV German version was 100 participants,
based on the proposed COSMIN recommendations [23].
Firstly, a sample size of 50 participants is recommended
for test—retest analyses, including the calculation of intra-
class correlation coefficients (ICCs) (two measurements,
targeted ICC of 0.8 with width 0.2 of the 95% confidence
interval) [23]. Secondly, a minimum of 50 participants is
required (larger samples are recommended, e.g. 100 par-
ticipants) for the investigation of the cross-cultural valid-
ity based on hypothesis testing by means of correlations
[23].
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Procedures cognitive debriefing/pretest

Initially, five clinicians from a memory clinic were asked
to give feedback on the A-IADL-Q-SV German. Issues
discussed included answer options, activities or sen-
tences, and the grade of difficulty. As a result, small
adjustments were made and documented. Such adjust-
ments included, e.g. the correction of spelling mistakes
and grammatical inaccuracies, and specification of items
(e.g. item 24: ‘operating devices’ into ‘operating electronic
devices’).

Eight informants of people with MCI or MD completed
the A-IADL-Q-SV German. The thinking-out-loud
method was used, where informants were asked to write
down their comments and issues on the relevance of each
item, the applicability/meaning of the activities in Swit-
zerland and the understandability of the questions. The
results were reviewed to identify the necessity for trans-
lation modifications (e.g. rewording of items/response
options). Additionally, the completed questionnaires
were examined to detect high levels of missing items or
single responses. Minor adjustments were again made to
the questionnaire and fully discussed with the developer.
Points of discussion included the specification of items,
e.g. item 20 ‘work’ was supplemented with the specifi-
cation ‘paid or unpaid’; or for item 11 ‘household appli-
ances’ the possibility of complementing it with examples
was discussed, but rejected because it may have influ-
enced participants’ responses. Accordingly, a final ver-
sion of the A-IADL-Q-SV German was obtained.

Procedures validation and test-retest reliability

of the A-IADL-Q-SV German

Measurements were performed in the memory clinics
during the standard cognitive testing sessions for par-
ticipants with MCI or MD. Each participant underwent
an extensive cognitive screening procedure, including
clinical and neuropsychological assessments, follow-
ing international standards for dementia diagnosis [24].
During the same sessions, the informants completed the
A-TADL-Q-SV German.

Interested participants from the community were con-
tacted by telephone to check the inclusion and exclusion
criteria. Thereafter, a cognitive impairment screening was
performed, using the modified Telephone Interview for
Cognitive Status (TICS-m) [25]. An education-adapted
score of >32 points out of 50 points was required to
qualify as not being subject to cognitive decline [26].
Their informants also completed the A-IADL-Q-SV
German.

All informants were asked to complete the question-
naire a second time some 2 to 4 weeks later. Due to this
short time interval, it was assumed that the cognitive

Page 4 of 13

status remains stable and that a deterioration in the IADL
performance was very unlikely [27].

Additional clinical assessments
The following additional clinical assessments were used
in this study:

The Mini-Mental State Examination (MMSE)—
assesses global cognition (score range 0—30), with higher
scores indicating better cognitive performance [28]. The
MMSE is the most widely used global cognitive screening
tool in clinical and research settings with sound psycho-
metric properties [19].

The Clinical Dementia Rating (CDR)—an assessment
to stage the severity of dementia (score range 0-3), with
higher scores indicating more severe stages of dementia
[29]. The CDR is a recommended staging scale of demen-
tia with high inter-rater reliability, good discriminant and
concurrent validity [30].

The Informant Questionnaire for Cognitive Decline in
the Elderly (IQCODE)—assesses cognitive decline based
on questions regarding cognitive performance (score
range 1-5), with higher scores indicating worse perfor-
mance [31]. The IQCODE is widely used as a screening
test for dementia. It has been shown to measure a single
factor of cognitive decline with high reliability and corre-
lates with a wide range of cognitive tests [32].

The Lawton Brody IADL scale—assesses performance
in eight domains of IADLs (score range 0—8 women; 0-5
men), with higher scores indicating better performance
[33]. To achieve comparability between subjects regard-
less of gender, in this study the scores were dichotomized
into impaired=1 (i.e. at least one considered activity
with impairment) and not impaired=0. The Lawton
Brody IADL scale is one of the most frequently used
IADL tools, with high reliability estimates. However, it
has limitations due to content aspects (e.g. face validity),
possibly due to its long existence [14, 19].

The Depression in old Age Scale (DIA-S)—is a relatively
new screening tool to measure depression (score range
0-10); scores >4 indicating probable pathological depres-
sion [34]. The DIA-S has been shown to have high dis-
criminative power in terms of internal consistency and
specificity compared to the Geriatric Depression Scale
[35].

Analysis
All analyses used the statistical software R (version 3.6.3)
[36] and Mplus (version 7) [37]; the alpha level was set to
0.05.

Differences in the demographic characteristics of the
included participants from the different settings (i.e.
memory clinic setting, community) were investigated
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using Welch two sample ¢-test or Pearson’s Chi-square
test, where appropriate.

The original A-IADL-Q-SV was fitted to a full graded
response model on the basis of approximate marginal
maximum likelihood estimation [22]. Unidimensional-
ity of the A-IADL-Q-SV German was examined using
Confirmatory Factor Analysis (CFA) through inves-
tigating the factor structure (one-factor model) [2,
22]. Model fit to the full graded response model of the
A-IADL-Q-SV German was evaluated with the com-
parative fit index (CFI>0.90) and root mean square
error of approximation (RMSEA <0.05), as described
elsewhere [22]. To further examine unidimensional-
ity, we calculated a difference approximation to the
second-order derivatives along the scree plot based
on eigenvalue decomposition on the matrix of robust
Spearman correlations between the items [38]. The
resulting acceleration approximation indicates points
of abrupt change along the scree plot, and the number
before the point with the maximum acceleration value
indicates the number of latent dimensions [38]. We
assessed local independence by inspecting the residual
correlation matrices, and considered residual correla-
tions > 0.25 as indicative of potentially problematic item
pairs [22], and evaluated the monotonicity assump-
tion using Mokken scale analysis [39]. Subsequently,
measurement invariance was examined by means of
differential item functioning (DIF) analysis for culture,
comparing Swiss-German participants with the Dutch
reference sample. The reference sample encompassed
the participants from the Amsterdam Dementia Cohort
(n=699) [40]. No DIF, i.e. measurement invariance,
in this context means that the items function identi-
cally in culturally different samples [41]. Uniform DIF
is defined as a consistent difference between groups
across the latent trait level, in this case IADL function-
ing. Non-uniform DIF occurs when an item is easier
or more difficult for one group compared to the other
at the same level of the latent trait [23]. Sufficient item
endorsement, defined as at least two selected response
categories per item, was required for DIF analysis [18].
The DIF analysis was based on ordinal logistic regres-
sions: for every item a null model and three hierar-
chically nested models were created and compared.
Statistically significant DIF was determined based on
the likelihood-ratio chi-square test with an alpha level
of 0.01. To detect practically meaningful DIF, a cut-off
on the change in McFadden’s pseudo R? of > 0.035 was
used [42]. We then performed Monte Carlo simulations
over 100 replications to refine detection criteria as well
as effect size measures. These are computed repeatedly
over simulated data based on the empirical data sets

Page 5 of 13

[43]. For the DIF analyses, we used the ‘lordif’ package
version 0.3-3, developed by Choi et al. [43].

Test—retest reliability was investigated on the scale level
of the T-scores based on intraclass correlation coefficient
(ICC) (ICC;;, two-way mixed effects consistency model,
single measurement) [44], overall and separately for the
groups of participants with MCI/MD and with NC. The
standard error of measurement (SEM) was calculated as
the square root of the residual variance of the model and
graphically depicted by a Bland and Altman plot [23].
Additionally, the smallest detectable change (SDM) was
calculated using the formula+1.96 x V2 x SEM [23]. For
interpretation of the SEM, it was compared to the total
range of the T-scores (i.e. 20 to 80). Based on previous
research on the A-IADL-Q [16, 17, 22] an SEM <6 was
interpreted as acceptable.

Construct validity was assessed by examination of
Spearman’s correlations between the A-IADL-Q-SV Ger-
man and age, education, the MMSE, CDR, IQCODE,
Lawton Brody IADL Scale and DIA-S. Based on the
results from previous studies on the A-IADL-Q, the
hypotheses were stated quite specifically [15, 22, 45]
(Table 2).

Discriminant validity was investigated to ascertain
whether the A-IADL-Q-SV German version was able to
discriminate between the three diagnostic groups of NC,
MCI, MD. Differences in the T-scores between these
groups were investigated using the Kruskall-Wallis rank
sum test, followed by post hoc pairwise Wilcoxon tests.
The Bonferroni-Holm method was applied to correct for
multiple testing.

Results

In total, 96 community-dwelling elderly people were
included, 56 (58%) from memory clinics and 40 (42%)
from the community. The mean age of participants was
73.5 years (range 60—86 years); 44 (46%) were female;
and, for 93 (97%) of the participants the duration of their
relationship with their informant was>10 years. Par-
ticipants recruited from memory clinics were older, had
a lower level of education and were more impaired on
the A-IADL-Q-SV German than participants recruited
from the community. Informants of the participants from
memory clinics were less often a spouse and more often
children. They lived apart from their informants more
often compared to the participants recruited from the
community and their informants. Details of demographic
and clinical characteristics are summarized in Table 1.

Measurement invariance

We checked the basic assumptions for IRT scor-
ing. The Additional file 1: Table 1 provides the graded
response model estimates for item parameters and item
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Table 1 Participant and informant characteristics
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Participants (n=96)

Informants (n=96)

Memory clinic Community (n=40) pvalue Memory clinic Community (n=40) p value
(n=56) (n=56)
Age 74.08 (6.77)  77.04(6.13) 69.95 (5.34) p<0.001 64.73(15.3) 64.5 (11.66) p=09
(range) (60-89) (62-89) (60-83) (30-89) (34-83)
Female (%) 44 (45.8%) 25 (44.6%) 19 (47.5%) p=09 38 (67.8%) 27 (67.5%) p=1
Level of education®  1;7 (7%) 1; 6 (10%) 1:1(2.5%) p<001 1;5(11%) 1;2 (5%) p=04
2,54 (57%)  2,38(67.5%) 2,17 (42.5%) 2,32 (57%) 2,19 (47.5%)
3;24(25%)  3;10(18%) 3; 14 (35%) 3,15 (27%) 3; 16 (40%)
4,5 (5%) 4,0 (0%) 4,5 (12.5%) 4,3 (5%) 4,3 (7.5%)
5,5 (5%) 5;2(3.5%) 5;3(7.5%) 5,1 (2%) 5,0
Diagnosis MCI 27 (48%) NC 40 (100%) NA NA
MD 26 (46%)
NC 3 (6%)
Relationship spouse 32 (57.1%) 31 (77.5%) p<0.01
Duration (> 10 years) 55 (98%) 38 (95%) p=07
Living together 32 (57%) 30 (75%) p<0.01
A-IADL-Q-SV
T-score 59.89(9.29) 54.71(8.37) 67.13 (441) p<0.001
Latent Trait score —099(093) —047(0.84) — 1.71(0.44) p<0.001
Clinical measures
MMSE 25.05 (2.94) NA
CDR Median (IQR) 0.5(0.5) NA
IQCODE 3.69(0.51) NA
Lawton Brody® 39 (74%) NA
DIA-S Median (IQR) 2(3) NA
mTICS NA 37.0(3.75)

Values are means (standard deviation), medians (interquartile range) or frequencies. p-values based on Welch two sample t-tests or Pearson’s Chi-square tests

A-IADL-Q-SV Amsterdam Instrumental Activities of Daily Living Questionnaire Short, MMSE Mini Mental State Examination, CDR Cumulative Dementia Rating, IQCODE
Informant Questionnaire for Cognitive Decline in the Elderly, DIA-S Depression in old age scale, mTICS modified Telephone Interview for Cognitive Status, MC/ mild

cognitive impairment, MD mild dementia, NC normal cognition, NA not applicable

@ Level of education in accordance to the international standard classification of education: ISCED (1 =ISCED 2, 2 =ISCED 3-5,3=ISCED 6, 4=ISCED 7, 5=ISCED 8)

® Dichotomized impaired/non impaired

information values in the reference sample. The CFI
showed a good model fit (0.95), but the RMSEA (0.11,
95% CI [0.10, 0.12]) was indicative for borderline poor
model fit. Several items had high inter-item correla-
tion, probably due to restricted response variation. All
items loaded significantly on the IADL factor (one factor
model), confirming unidimensionality. Furthermore, the
maximum acceleration value from the scree plot was at
the first factor, confirming unidimensionality. No items
violated the monotonicity assumption. A few item pairs
showed a potential local dependence, possibly due to
restricted variability in item responses; details on these
item pairs are presented in the Additional file 2: Table 2.
Figure 1a shows the distributions of the trait (i.e. theta),
Fig. 1b depicts the test characteristic curves for all items,
and Fig. 1c the test characteristic curves for the items
with DIF for the Swiss sample and the Dutch reference

sample. All items were sufficiently endorsed by both
groups. The results from the likelihood-ratio chi-square
tests indicated three items with statistically significant
DIF: item 2 ‘Doing the shopping’; item 20 “Working’;
item 23 ‘Printing documents’; the item characteristic
curves for these items are depicted in the Additional
file 3: Figure 1. Items 2 and 23 showed uniform DIF, with
item 2 being easier and item 23 being more difficult in
the Swiss sample compared to the Dutch reference sam-
ple. Item 20 showed non-uniform DIF. However, effect
sizes (change in McFadden’s pseudo R?) were negligible
(i.e. R2<0.035; for item 2 R>=0.008, item 20 R*>=0.02,
item 23 R*=0.015), suggesting that there was no practi-
cally meaningful item bias. All chi-squared values and
AR? values for the logistic regressions obtained from the
empirical data used for the DIF analyses are presented in
the Additional file 4: Table 3. Monte Carlo simulations
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red dotted lines show the Swiss population and the solid black lines
the Dutch reference group. a Latent trait distributions for the Dutch
reference sample and the Swiss sample. b Test characteristic curves
including all items for the Dutch reference sample and the Swiss
sample. ¢ Test characteristic curves including the three items with
differential item functioning for the Dutch reference sample and the
Swiss sample

confirmed that the a priori cut-offs we used, were appro-
priate. The Monte Carlo simulations-based cut-off of
chi-squared p values and AR? values can be found in the
Additional file 5: Table 4. We corrected for DIF by means
of a re-estimation of the T-scores in the Swiss sample
based on the DIF results. The mean T-score increased
by 0.38 points, and the largest individual change was an
increase of 2.17, corresponding to approximately one-
fifth of a SD change.

Test-retest reliability and measurement error

Of the included 96 informants, 82 (85%) completed
the A-TADL-Q-SV German for the second time, with a
median of 23 days between the two measurement time
points; two questionnaires were excluded because a dif-
ferent informant had completed the second question-
naire, resulting in the inclusion of 80 questionnaires in
the analysis. An overall ICC of 0.93 (95% CI [0.9, 0.96])
was observed. SEM, by means of classical test theory, was

2.4 and the smallest detectable change was 6.6 (95%CI
[5.3, 7.9]). The range of the T-Score was 39.7. The corre-
sponding Bland and Altman Plot is depicted in Fig. 2. The
mean difference between the two measurements was 0.4
(95% CI [— 0.4, 1.2], p=0.29); the lower limit of agree-
ment was — 6.2 (95% CI [— 7.5, — 4.9]) and the upper
limit of agreement 7 (95% CI [5.7, 8.3]). The Bland and
Altman plot shows that the data for the group of partici-
pants with NC (higher level of IADL functioning) has less
variance. Furthermore, residual analysis showed that the
data did not conform to model assumptions (i.e. homo-
scedasticity and normal distribution of residuals).

The separate ICCs for the subgroups of participants
with MCI/MD (n=41) and with NC (n=39) were also
estimated. For the MCI/MD subgroup, an ICC of 0.86
(95% CI [0.77, 0.91]) was observed, compared to the NC
subgroup with an ICC of 0.92 (95% CI [0.86, 0.95]). Sub-
sequently, the SEM, SDC and Bland and Altman analyses
for the subgroups of participants with MCI/MD and NC
participants were investigated separately. The SEM in the
MCI/MD subgroup was 3 and the SDC 8.4 (95% CI [6.1,
8.4]). The Bland and Altman Plot for the MCI/MD sub-
group is depicted in Fig. 3a. There was no evidence of vio-
lation of model assumptions. The mean difference of the
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two measurements was 1.1 (95% CI [— 0.2, 2.5], p=0.93);
the lower limit of agreement was — 7.2 (95%CI [— 9.6,
— 4.9]) and the upper limit of agreement 7 (95% CI [7.2,
11.9]). As in the NC subgroup, approximative normal-
ity of differences based on residual analyses could not be
confirmed, so the T-scores were transformed into rankits
(i.e. standard normal deviates of the corresponding rank)
[23]. The SEM based on the rankit-transformed T-scores
was 0.46 and the SDC 1.3 (95% CI [— 1.3, 1.2]). The cor-
responding Bland and Altman Plot is depicted in Fig. 3b.
The mean difference of the rankits of the two measure-
ments was — 0.05 (95% CI [— 0.3, 0.2], p=0.17); the lower
limit of agreement was — 1.3 (95% CI [— 1.7, — 0.96]) and
the upper limit of agreement 1.2 (95% CI [0.9, 1.6]).

Construct validation of the A-IADL-Q-SV-G

Point estimates of the observed correlations between the
A-TADL-Q-SV German and education based on the CDR,
IQCODE, Lawton Brody Scale and MMSE were in the
direction and of the magnitude hypothesized. Age was
more strongly associated with the A-IADL-Q-SV German
than hypothesized [— 0.39, 95% CI (— 0.60 to — 0.15)] and
point estimates for depression were in the opposite direc-
tion. All hypothesized and observed correlations are sum-
marized in Table 2.

Table 2 Construct validation Spearman’s correlation
coefficients of T-Scores of the A-IADL-Q-SV German
with clinical measures

Measure Hypothesized n Observed correlations
correlations [95% Cl]
Direction Range
Age — 0.0-02 56 —0.39 [-060, —0.15]
Education® + 0.0-0.2 56 0.07 [-0.19,—033]
Everyday functioning
CDR - 02-04 56 —035 [—0.56,—0.09]
IQCODE - 04-0.7 53 —069 [-081,—051]
Lawton Brody - 04-0.7 53 —041 [—061,—0.16]
scaleP
Cognitive function
MMSE + 02-04 56 038 [—0.13,—058]
Depression
DIA-S - 0.0-0.2 53 0.01 [—0.028, —0.27]

CDR Cumulative Dementia Rating, IQCODE Informant Questionnaire for
Cognitive Decline in the Elderly, MMSE Mini Mental State Examination, DIA-S
Depression in old age scale

@ Level of education in accordance with the international standard classification
of education: ISCED (1 =ISCED 2, 2=ISCED 3-5,3=ISCED 6, 4=ISCED 7,
5=ISCED 8)

5 Dichotomized impaired = 1/non impaired =0
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Discriminant validity

Figure 4 shows the mean of the T-scores for participants
with NC as 67 (range 50-70), those with MCI as 57
(range 42-70) and those with MD as 51 (range 39-63).
Homogeneity of variances could not be assumed based
on Levene’s test for homogeneity of variances (F-value
6.54, df=2, p value=0.0022) and Bartlett test of homo-
geneity of variances (Bartlett’s K-squared =10, df=2, p
value=0.008). Therefore, non-parametric analyses were
performed. The results derived from the Kruskal-Wal-
lis rank sum test indicated that the location parameters
of the T-scores between the three diagnostic groups dif-
fered (Kruskal-Wallis Chi-square=49, df=2, p<0.001).
Post-hoc pairwise comparisons using Wilcoxon rank sum
tests revealed the following differences: NC versus MCI
(p<0.001); NC versus MD (p<0.001); and MCI versus
MD (p<0.05).

Discussion

The results of the cross-cultural adaptation and valida-
tion indicated that the A-IADL-Q-SV German retained
the measurement properties, i.e. there was no evidence
of measurement invariance by means of DIF, good con-
struct validity, discriminant validity and test-retest
reliability of the original version in a Swiss-German
population of elderly people with NC, MCI and MD.
Therefore, the A-IADL-SV German has been shown to
be a psychometrically robust measurement instrument to
assess IADL in elderly people within the range of no cog-
nitive impairment to mild dementia. It is also comparable
across countries.
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Fig. 4 T-Scores of the three diagnostic groups
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In terms of measurement invariance by means of DIF,
all basic assumptions for IRT scoring were met. This is
in line with previous research on the A-IADL-Q-SV, indi-
cating that the questionnaire measures one construct
(i.e. IADL functioning) [22]. The high inter-item correla-
tions, which may have influenced the model fit indices,
might be a reflection of the inclusion of less impaired
participants in the Swiss-German sample compared to
the Dutch reference sample. Our sample included par-
ticipants from NC to MD, compared to the Dutch refer-
ence sample that included only memory clinic patients,
who were generally more IADL impaired. In the Swiss-
German sample, a high proportion of people rated most
of the items with ‘no problems, which may have inflated
the inter-item correlations. A few item pairs (1%) showed
larger correlation residuals than >0.25. This may indicate
that the local independence of these items is compro-
mised. The large residuals may also be caused by the fact
that the sample was relatively homogeneous with regards
to their level of overall functional impairment. This
caused a limited variability in selected item responses. As
most residuals are only marginally above the cut-off, and
because other analyses show that the original IRT model
fits and provides reliable estimates of everyday function-
ing, we are confident, that the IRT model appears to fit in
the Swiss sample.

The results of DIF analysis based on empirical data
using pre-defined cut-offs indicated that the A-IADL-Q-
SV German was robust to differences between the Swiss
and Dutch cultures. Due to the small sample size in the
Swiss sample we additionally used Monte Carlo simula-
tion to obtain the 99th percentile of the most extreme
chi-squared values and AR2 values under the assump-
tion that there is no DIF. The Monte Carlo simulations
thus provide more precise cut-offs for the chi-squared
test and AR2 values. The items flagged for DIF using a
priori thresholds matched the items flagged using the
Monte Carlo thresholds, providing support for the a pri-
ori thresholds. The findings of the DIF analysis agree with
a previous investigation on item bias in eight Western
countries, which indicated that the A-IADL-Q-SV was
robust to cultural differences, as well as to age, sex and
education [18].

In terms of test-retest reliability on scale level, our
results indicated a good to excellent ICC based on a
two-way mixed effects consistency model overall, as well
as in the MCI/MD subgroup and NC subgroup. Previ-
ous research investigated test-retest reliability of the
A-TADL-Q on the item level and revealed high test—
retest reliability [2]. However, test—retest reliability of the
A-TADL-Q-SV on scale level has not been investigated
previously. Nonetheless, the results of test-retest reli-
ability on scale level of the A-IADL-Q-SV is relevant for
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clinical and research purposes. Both aim to use the ques-
tionnaire as an outcome measure, since the total score is
interpreted [41].

The SEM overall, as well as in the MCI/MD and NC
subgroups, calculated by means of classical test theory,
are implied to be acceptable with reference to the range
of the T-Scores. Measurement error was also investigated
with Bland and Altman analyses. We observed that the
data for the subgroup of participants with NC did not
conform to the assumptions of the model. Therefore, we
transformed the T-Scores into rankits to rerun the analy-
sis. The results of the Bland and Altman analyses over-
all and in the subgroups indicated that a change in the
T-scores of more than eight points might be interpreted
as real change [23].

Construct validity in terms of hypothesis testing was
shown, with more than 75% of the stated hypotheses
being confirmed [41]. The hypotheses were specifically
stated based on previous research on the A-IADL-Q [15]
and A-IADL-Q-SV [22, 45]. The correlations between
the A-IADL-Q-SV and the clinical measures of cogni-
tion and functioning were in the magnitude and direction
as hypothesized and are, therefore, in line with previ-
ous studies [15, 22]. However, we observed a moder-
ate correlation between the A-IADL-Q-SV German and
age, whilst the original A-IADL-Q and A-IADL-Q-SV
observed small correlations [15, 18, 22]. Another study
on the A-IADL-Q in Spain also observed a moderate cor-
relation of the A-IADL-Q with age [45]. The findings in
our study might be explained by the significantly higher
age of participants with MCI and MD (and hence with
significantly more IADL limitations) than participants
with NC. A study investigating age as a source of item
bias on the A-IADL-Q-SV found that the T-scores were
not influenced by age [18].

Furthermore, a positive correlation between the
A-TADL-Q-SV German and the DIA-S was observed,
which stands in contrast to our hypothesis and previ-
ous research [15, 22]. This may be due to the different
measurement instruments used to assess depression. The
DIA-S was developed to assess depression in accordance
with the diagnostic criteria of depression and, there-
fore, includes different items than those on the geriat-
ric depression scale (GDS). Only a moderate correlation
was observed between the DIA-S and GDS [34]. How-
ever, since the observed correlation in our study between
depression and IADL limitation was small, and in line
with the literature [15, 22], it may be concluded that
IADL limitation, as measured by the A-IADL-Q-SV, is
not influenced by depression.

In terms of discriminant validity our results indicate
that the A-IADL-Q-SV German was able to discrimi-
nate between participants with NC, MCI and MD. The
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interpretation of T-scores observed in our study fitted
well with the interpretation scheme. In fact, a previous
study investigating the diagnostic value of the A-IADL-
Q found a cut-off of 51.4 to differentiate between people
with dementia and people without dementia [16], corre-
sponding almost perfectly to the mean T-score found in
our MD group.

Limitations

We acknowledge some limitations to our study. A major
limitation of this study may be the sample size. In terms
of test—retest reliability based on ICC’s and estimates of
measurement error, the number of participants was rela-
tively small in the two subgroups. This is reflected by the
95% CI of the ICCs of the subgroups (width>0.2) and
the change of the limits of agreement between the over-
all sample and the subgroup of participants with MCI/
MD. With respect to the investigation of construct valid-
ity based on hypothesis testing, the small sample (n=>56)
may have produced wide confidence intervals. A larger
sample would have provided more precise estimates of
the correlations. Furthermore, the overall sample size
may have been too small to detect subtle measurement
invariance with DIF analysis. However, the ordinal logis-
tic regression approach used in our study has previously
been shown to be capable of detecting DIF when the
reference sample is large, even when the focus sample
is smaller [46]. Nonetheless, the generalizability of our
results may be limited due to the restricted sample size.

Participants with NC were recruited from the commu-
nity, while participants with MCI and MD were recruited
from memory clinics associated with geriatric institu-
tions, using a convenient sampling strategy. This may
have produced bias that is reflected in the differences in
demographics.

Cognitive status for participants with NC was inves-
tigated solely using TICS-m, a telephone screening for
cognitive decline. Therefore, the possibility of partici-
pants with, so-called, subjective cognitive decline also
being included in this group cannot be ruled out.

Information on participants’ comorbidities was col-
lected restrictively, meaning that the chance of comor-
bidities having influenced our results also cannot be
excluded. However, due to its scoring structure, the
A-TADL-Q-SV considers only those limited activities
related to cognitive problems. Furthermore, participants
with comorbidities known to have an influence on cogni-
tive function were excluded (i.e. clinical depression, drug
and alcohol abuse, as well as neurological diseases, such
as Parkinson’s disease, stroke or traumatic brain injuries).
Finally, data on the factors known to influence IADL
functioning were collected, i.e. age, sex, level of educa-
tion and living situation. As a result, we are convinced



Bruderer-Hofstetter et al. Health Qual Life Outcomes (2020) 18:323

that the A-IADL-Q-SV T-Scores correctly represent the
level of IADL functioning, controlled for, e.g. physical
impairments.

A subgroup of cognitively healthy participants was
included in the test-retest analysis and in the inves-
tigation of measurement error. This inclusion of less-
impaired participants may have inflated the overall ICC,
because the heterogeneity of the overall sample was
increased. Consequently, test—retest reliability and meas-
urement error in the subgroups were also investigated
separately. However, the inclusion of such participants
was relevant for our study, because the decline in IADL
functioning from a previously measured level often pre-
dates cognitive decline [8].

Finally, our sample was not severely impaired and does
not reflect the full dementia spectrum. Future investi-
gations of the A-IADL-Q-SV German should use larger
samples and include younger patients with MCI or a
dementia diagnosis, as well as participants at the later
stages of cognitive decline, i.e. moderate dementia and
severe dementia.

Conclusion

The cross-culturally validated A-IADL-Q-SV German
has retained the psychometric properties (i.e. measure-
ment invariance, test—retest reliability, construct validity
and discriminant validity) of the original version. This
study implies that the A-IADL-Q-SV German is a prom-
ising tool for use in clinical practice to investigate IADL
functioning in elderly people with normal cognition, mild
cognitive impairment and mild dementia. It is also useful
for research purposes and allows international compari-
sons to be made.
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