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Objective: We aimed to investigate whether item response theory (IRT)-based scoring allows for a more
accurate, responsive, and less biased assessment of everyday functioning than traditional classical test
theory (CTT)-based scoring, as measured with the Amsterdam Instrumental Activities of Daily Living
Questionnaire. Method: In this longitudinal multicenter study including cognitively normal and impaired
individuals, we examined IRT-based and CTT-based score distributions and differences between diagnostic
groups using linear regressions, and investigated scale attenuation. We compared change over time between
scoring methods using linear mixed models with random intercepts and slopes for time. Results: Two
thousand two hundred ninety-four participants were included (66.6 + 7.7 years, 54% female): n = 2,032
(89%) with normal cognition, n = 93 (4%) with subjective cognitive decline, n = 79 (3%) with mild
cognitive impairment, and n = 91 (4%) with dementia. At baseline, IRT-based and CTT-based scores were
highly correlated (r = —0.92). IRT-based scores showed less scale attenuation than CTT-based scores. In a
subsample of n = 1,145 (62%) who were followed for a mean of 1.3 (SD = 0.6) years, IRT-based scores
declined significantly among cognitively normal individuals (unstandardized coefficient [B] = —0.15, 95%
confidence interval, 95% CI [-0.28, —0.03], effect size = —0.02), whereas CTT-based scores did not (B =
0.20, 95% CI [-0.02, 0.41], effect size = 0.02). In the other diagnostic groups, effect sizes of change over
time were similar. Conclusions: IRT-based scores were less affected by scale attenuation than CTT-based
scores. With regard to responsiveness, IRT-based scores showed more signal than CTT-based scores in
early disease stages, highlighting the IRT-based scores’ superior suitability for use in preclinical
populations.
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Key Points

Question: Can we precisely detect small changes in everyday functioning in the context of Alzheimer’s
disease using an item response theory (IRT)-based scoring method? Findings: IRT-based scores of
the Amsterdam Instrumental Activities of Daily Living Questionnaire showed a limited ceiling effect
and were responsive to subtle decline in everyday functioning in the preclinical disease stage.
Importance: With an increasing emphasis on preclinical disease stages, it is imperative to use outcome
measures that have adequate psychometric properties in these populations and that are responsive to
early changes. Next Steps: IRT-based computerized adaptive testing may reduce questionnaire
completion times without losing measurement accuracy.

Keywords: dementia, Alzheimer’s disease, instrumental activities of daily living, item response theory,

outcome measure

Supplemental materials: https://doi.org/10.1037/neu0000914.supp

Dementia is the end stage of several neurodegenerative diseases,
of which Alzheimer’s disease (AD; Scheltens et al., 2021) is the
most common. A core characteristic of dementia is impairment in
performing cognitively complex activities, or so-called “instrumen-
tal activities of daily living” (IADL; Dubbelman, Jutten, et al., 2020;
Marshall et al., 2017, 2020), such as managing paperwork and
making appointments. The level of IADL functioning represents a
clinically relevant outcome, even among those who have subjective
cognitive complaints or mild cognitive impairment (Dubbelman,
Jutten, et al., 2020; Marshall et al., 2012), which are considered
prodromal disease stages preceding dementia.

The Amsterdam IADL Questionnaire (A-IADL-Q; Sikkes et al.,
2012) was developed to assess difficulties in the performance of
complex everyday activities due to cognitive decline. The A-
IADL-Q has been extensively validated, showing good psycho-
metric properties (Jutten et al., 2018; Jutten, Peeters, et al., 2017;
Sikkes, Knol, et al., 2013; Sikkes, Pijnenburg, et al., 2013), in
particular  sensitivity to meaningful changes over time
(Dubbelman, Verrijp, et al., 2022; Koster et al., 2015) and limited
bias by culture, age, sex, or education level (Dubbelman, Verrijp, et
al., 2020). The A-IADL-Q is scored using item response theory
(IRT), which employs mathematical models to describe the
relationship between a person’s true ability on a construct that
is not directly observable and the probability of the person giving a
certain response to an individual item measuring that ability (Cella
et al., 2010; Hays et al., 2000).

Theoretically, IRT holds several advantages of the more traditional
classical test theory (CTT; Reise & Waller, 2009), which assumes that
a person has a true ability that is measured with a certain degree of
error. Importantly, it has been suggested that IRT-based scores may
be less biased than CTT-based scores when estimating the change in a
construct (Gorter et al., 2015, 2016; Jabrayilov et al., 2016), even
potentially increasing responsiveness (Kosinski et al., 2003). Still,
clinicians and regulatory agencies are reluctant to adopt IRT-based
measures (Thomas, 2019), as CTT has the practical advantage that it
is more straightforward to calculate the scores.

We aimed to investigate whether the advantages of IRT-based
scoring allow for a more precise, less biased assessment of everyday
functioning, as measured with the A-IADL-Q, in a predominantly
cognitively normal sample. First, we aimed to examine score
distributions and floor and ceiling effects between diagnostic groups.
Second, we set out to analyze change over time in both scores. We
hypothesized that the IRT-based scores (a) will discriminate well
between people who are cognitively normal and those with subjective
cognitive decline and (b) will show a stronger signal when assessing
changes over time than CTT-based scores.

Materials and Method
Participants

We included participants from the European Prevention for
Alzheimer’s Disease Consortium Longitudinal Cohort Study

by grants from ZonMw and the European Union Joint Programme—
Neurodegenerative Disease Research.

Sietske A. M. Sikkes and Philip Scheltens are codevelopers of
the Amsterdam Instrumental Activities of Daily Living Questionnaire
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A-IADL-Q are paid to their institution.
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(Solomon et al., 2018), the Capturing Changes in Cognition study
(Jutten, Harrison, et al., 2017), and the SCIENCe cohort (Slot
et al., 2018). European Prevention for Alzheimer’s Disease
Consortium Longitudinal Cohort Study included participants
without dementia from numerous research cohorts (e.g., brain
health registries) and clinical or routine care cohorts (e.g., memory
clinic) across Europe and was designed to reflect a trial-ready
population. Participants were 50 years and older (Solomon et al.,
2018). Participants were excluded if they met criteria for any
type of dementia, were known carriers of autosomal dominant
AD genes, had comorbid neurological or psychiatric disorders
or cancer, had any contraindications for study procedures,
had evidence of intracranial pathology, or were concurrently
participating in a clinical trial. Participants in Capturing Changes
in Cognition were recruited at multiple sites in The Netherlands
and Scotland, were 65 years or older, and had diagnoses of
subjective cognitive decline (SCD), mild cognitive impairment
(MCI), or mild dementia at study inclusion (Jutten, Harrison, et al.,
2017), as determined in a multidisciplinary consensus meeting
using the criteria of the National Institute on Aging (Albert et al.,
2011; McKhann et al., 2011). Exclusion criteria included
comorbid neurological or psychiatric disorders, presence of
depressive symptoms, current substance abuse, and concurrent
participation in a clinical trial. Patients who visited the outpatient
memory clinic of the Alzheimer Center Amsterdam were labeled
as SCD in a multidisciplinary consensus meeting when they did
not meet the diagnostic criteria of MCI (Petersen et al., 2014) or
dementia (American Psychiatric Association, 2000) and had no
major psychiatric disorder. They were included in the SCIENCe
cohort (Slot et al., 2018). Exclusion criteria included comorbid
neurological or psychiatric disorders, HIV, substance abuse, and
the existence of a language barrier. In addition to the inclusion
criteria of these studies, we selected individuals who had
completed at least one A-IADL-Q, with item-level data available.
When multiple assessments were available, we included repeated
assessments, limiting follow-up to a maximum of 3 years from
baseline. This study was performed in line with the principles of
the Declaration of Helsinki. Approval for Capturing Changes in
Cognition and SCIENCe was granted by the Ethics Committee of
Vrije Universiteit University Medical Center. Approval for
European Prevention for Alzheimer’s Disease Consortium
Longitudinal Cohort Study was approved by numerous institutional
review boards across Europe. Informed consent to participate in the
study was obtained from all participants.

Measures
A-IADL-Q

The A-IADL-Q is used to assess difficulties in the performance of
various cognitively complex activities and is completed by a partner,
adult child, or other observer (Sikkes et al., 2012). Items are rated on
a scale from O = no difficulty performing an activity to 4 = inability
to perform the activity. Missing values are introduced by design
when the reason someone did not perform an activity was not related
to cognitive decline (e.g., the person does not usually perform the
activity, difficulties performing the activity were due to physical
impairment). An example item with scoring and missing value
assignment is displayed in Figure 1. IRT-based T scores are

calculated using a graded response model (Samejima, 1969) and
have a mean of 50 and a standard deviation of 10, with higher scores
representing higher levels of everyday functioning. IRT item
parameters, which include information on the location of the item on
the latent trait and discriminatory ability, have been published by
Jutten, Peeters, et al. (2017) and earlier by Sikkes, Pijnenburg, et al.
(2013). CTT-based average scores are the sum of all items divided
by the number of nonmissing items, which is multiplied by 25 so
scores range from 0 to 100. Higher scores represent more severe
impairment in everyday functioning.

We additionally aligned CTT-based scores to the IRT-based T’
scale. Because of the designed missingness and use of an average
CTT-based score, a direct scale alignment approach, such as the
Lord-Wingersky algorithm (Cai, 2015; Thissen et al., 1995), was not
possible. Therefore, we randomly generated n = 150,000 responses
to cover the entire spectrum of the scale, ranging from severe to
little or no impairment in everyday functioning. Missingness was
imposed according to missingness observed in the real-life A-IADL-
Q data. The mean IRT-based score for each unique CTT-based score
was taken as the aligned score, and these were used to create an
alignment table. This table thus shows IRT-based scores corre-
sponding to CTT-based scores.

More information on scoring and the IRT model and the scoring
alignment procedure can be found in the Supplemental Material.

Data Analysis

Baseline differences between the diagnostic groups in IRT-based
and CTT-based A-IADL-Q total scores were tested using analysis of
variance and chi-squared tests, as appropriate, and p values were
adjusted using Tukey’s honest significant difference test. We also
counted how often scale attenuation occurred at the extreme high
ability (i.e., How many individuals had the lowest [on CTT-based
scores] and highest scores [on IRT-based scores], representing no
impairment?).

Next, we wanted to compare the ability of IRT-based and
CTT-based A-IADL-Q scores to capture change over time. In the
subsample of participants with longitudinal A-IADL-Q data, we ran
two linear mixed models, one with IRT-based and another with
CTT-based A-IADL-Q scores as the dependent variable. Time was
the main independent variable, and we included random intercepts
and random slopes for time. To examine differences between
diagnostic groups, we also included a group by time interaction. All
models were adjusted for age, sex, and education. To facilitate the
comparison of change over time between scoring methods, we
calculated effect sizes for a time by dividing the unstandardized
time coefficient by the sum of the square roots of the variances of
all intercepts and slopes, as well as the residual variance (Westfall
et al., 2014).

All analyses were performed in R Version 4.1.2 (R Core Team,
2022), using the “Ime4” package Version 1.1-27 for the linear mixed
models (Bates et al., 2015).

Transparency and Openness

This study was not preregistered. The data used in this article can
be made available by the corresponding author upon reasonable
request.
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Figure 1

Example Item of the Amsterdam Instrumental Activities of Daily Living Questionnaire,
With the Scoring Logic Displayed on the Right

Did he/she manage his/her paperwork?
This question relates to the past 4 weeks.

O Yes

If yes,

Did he/she find it more difficult to manage his/her paperwork than he/she had in the

past?
o No

O Yes, slightly more difficult
O Yes, more difficult

O Yes, much more difficult

(0)
™
@)
@)

O Yes, he/she is no longer able to perform this task 4)

o No

If no,

He/she did not manage his/her paperwork for the following reason;

O He/she was no longer able to do so due to difficulties with his/her
memory, planning, or thinking

@)

O He/she was no longer able to do so due to his/her physical problems ()

O He/she has never done that before (=)

O Other, please state
0 Don’t know

Continue to next question

=)

=)

Note. (-) Denotes that the response is scored as missing. See the online article for the color version

of this figure.

Results

We included 2,294 participants (66.6 = 7.7 years old, 54% female,
median education 15 years), most of whom (n = 2,031; 89%) were
cognitively normal at inclusion. Of the remaining participants, 93
(35%) were diagnosed with SCD, 79 (30%) with MCI, and 91 (35%)
with mild dementia. All diagnostic groups differed from each other
in terms of age, with MCI participants being the oldest, followed by
participants with dementia, normal cognition, and SCD (all adjusted
p < .01). Sex distributions also differed between the groups (p <
.001): Participants with normal cognition or dementia were more
often female than others. Education differed significantly between
participants with normal cognition and participants with SCD or
dementia (both adjusted p < .001), but not between the other groups.
Table 1 shows the baseline characteristics of the sample for the
entire group, as well as each diagnostic group separately.

Baseline Differences

IRT-based and CTT-based scores correlated strongly (Pearson’s
r = —0.92, 95% confidence interval, 95% CI [—-0.93, —0.91]). In
cross-sectional comparisons, both IRT- and CTT-based A-IADL-Q
scores were different between all groups (all adjusted p < .001; see
Table 2). Based on the cross-sectional similarities, we created a
crosswalk table to align IRT-based and CTT-based scores, which
can be found in the Supplemental Material.

Figure 2 shows the baseline distributions of both scores for
the different diagnostic groups. Scale attenuation affected the
CTT-based scores of a total of 1,622 individuals (70.7%), who
had a score of 0 indicating no impairment. Scale attenuation of the
IRT-based scores occurred less often: Only 54 individuals (2.4%)
had an IRT-based score of 70.0, which was the highest score reached
in our sample, indicating no impairment. Further, while there were
individuals in all diagnostic groups with a CTT-based score at the
floor, only cognitively normal individuals reached the ceiling of
IRT-based scores.

Change Over Time

A total of 1,415 individuals (61.7%) had longitudinal data
available, with a median of two visits (interquartile range 2-3) per
person and a mean of 1.35 + 0.63 years of follow-up. Linear mixed
models showed that both scoring techniques showed change over
time in everyday functioning in the whole sample. Table 3 shows the
unstandardized coefficients along with effect sizes for IRT- and
CTT-based scores in the total sample and in the different diagnostic
groups. IRT-based scores deteriorated modestly but significantly
over time in cognitively normal older adults (B = —0.15, 95% CI
[-0.28, —0.03]). Although CTT-based scores changed in the
expected direction, this change did not reach significance (B = 0.20,
95% CI[—0.02, 0.41]). Both IRT- and CTT-based scores improved
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Table 1
Baseline Characteristics
Normal Subjective Mild cognitive Mild
Characteristic All cognition cognitive decline impairment dementia
N 2,294 2,031 (88.5) 93 (4.1) 79 (3.4) 91 (4.0)
Age in years 66.6 + 7.7 662 + 7.5 63.5+75 73.7+79 709 + 8.8
Female sex, N (%) 1,244 (54.2) 1,138 (56.0) 36 (37.9) 29 (36.7) 41 (45.1)
Education years, Mdn (IQR) 15 (12-17) 15 (12-17) 13 (10-17) 14 (12-16) 13 (10-16)
A-IADL-Q scores
IRT, M + SD 65.7 £ 6.9 67.3 + 4.1 59.8 + 8.8 543 +74 449 + 8.6
IRT, range 29.8-70.0 42.1-70.0 35.3-69.8 31.6-69.7 29.8-68.6
IRT, N (%) at ceiling® 54 (2.4) 54 (2.7) 0 (0.0) 0 (0.0) 0 (0.0)
CTT, M = SD 39+11.8 1.3+48 103 £ 15.7 172 £ 16.3 432 255
CTT, range 0-87 0-53.3 0-71.5 0-78.3 0-87
CTT, n (%) at floor 1,622 (70.7) 1,589 (78.2) 27 (29.0) 5(6.3) 1(1.1)

Note.
response theory; IQR = interquartile range.

A-TADL-Q = Amsterdam Instrumental Activities of Daily Living Questionnaire; CTT = classical test theory; IRT = item

*The ceiling for the IRT-based scores was determined as 70.0: The highest scores achieved rounded to one decimal.

in SCD participants (B = 1.33,95% CI [0.78, 1.89] and B = —1.83,
95% CI [-2.82, —0.83], respectively). In MCI and dementia, both
IRT- and CTT-based scores deteriorated (see Table 3). Effect sizes
were similar between the scoring methods in the whole group but
were larger for CTT-based scores in more advanced disease stages.
Figure 3 shows the change in the different scoring techniques over
time, per diagnosis.

Discussion

In this study, we examined baseline and longitudinal differences
between IRT-based and CTT-based scores of the A-IADL-Q. We
found that they had largely similar distributions, but that IRT-based
scores had much less of a ceiling effect than CTT-based scores,
particularly in cognitively normal participants. In longitudinal
analyses, effect sizes of change over time in both scores were

Table 2
Baseline Score Contrasts Between Diagnostic Groups for IRT-
Based and CTT-Based Scores

Contrast IRT CTT
NC versus
SCD 7.58 [6.59, 8.57] —8.94 [-10.61, —7.27]
MCI 13.03 [11.96, 14.10] —15.93 [-17.73, —14.13]
Dementia 22.46 [21.46, 23.46] —41.89 [—43.57, —40.21]
SCD versus
NC —7.58 [-8.57, —6.59] 8.94 [7.27, 10.61]
MCI 5.46 [4.04, 6.88] —6.99 [-9.39, —4.59]
Dementia 14.89 [13.52, 16.26] —32.95 [-35.27, —30.63]
MCI versus
NC —13.03 [-14.10, —11.96] 15.93 [14.13, 17.73]
SCD —5.46 [-6.88, —4.04] 6.99 [4.59, 9.39]
Dementia 9.43 [8.00, 10.86] —25.96 [—28.38, —23.54]
Dementia versus
NC —22.46 [—23.46, —21.46] 41.89 [40.21, 43.57]
SCD —14.89 [-16.26, —13.52] 32.95 [30.63, 35.27]
MCI —9.43 [-10.86, —8.00] 25.96 [23.54, 28.38]
Note. IRT-based and CTT-based scores are not on the same scales and

are mirrored to one another. CTT = classical test theory; IRT = item
response theory; NC = normal cognition;, MCI = mild cognitive
impairment; SCD = subjective cognitive decline.

comparable. IRT-based scores are less prone to ceiling effects than
CTT-based scores, which is most evident in individuals with little
impairment in daily functioning, where scores are more normally
distributed and are responsive to small changes over time.

The IRT model sets apart the A-IADL-Q from many other
functional measures, which are typically scored using CTT-based
methods. Owing to the IRT parameters, previous studies of the
A-IADL-Q have provided extensive validation, including good
content and construct validity, diagnostic accuracy, and responsive-
ness (Koster et al., 2015; Sikkes, Knol, et al., 2013; Sikkes,
Pijnenburg, et al., 2013; Verrijp et al., 2022). The A-IADL-Q is used
internationally and has been culturally adapted; no systematic
response bias has been found between countries (Bruderer-
Hofstetter et al., 2020; Dubbelman, Verrijp, et al., 2020; Facal
etal., 2018), and we determined thresholds for clinically meaningful
changes (Dubbelman, Verrijp, et al., 2022). Much of this work
would not have been possible without the IRT model. For practical
reasons, in clinical practice, CTT-based scores are often used, as
they can be calculated more easily, especially when the question-
naire is administered on a article. The question remained whether the
IRT-based scoring method should be used in clinical practice as
well, due to its hypothesized advantages.

Here, we showed that IRT- and CTT-based scores correlated
almost perfectly, which is a well-established finding for other
outcome measures (Reise & Waller, 2009). CTT-based scores
showed substantial scale attenuation, with more than two thirds of
all participants scoring at the extreme of the scale indicating no
impairment. Similar effects have also been shown in other IADL
instruments (Sikkes & Rotrou, 2014). Scale attenuation represents a
lack of variance and poses a threat to the validity of analyses. For
IRT-based scores, only two-and-a-half percent of participants
scored at the extreme end of the scale indicating no impairment. As
such, IRT-based scores are favored, especially in populations where
the extremes of the scale are more frequently endorsed (i.e., in
people who have no to very mild problems in everyday functioning).

There is a body of evidence suggesting that IRT-based scores
outperform CTT-based scores in longitudinal analyses in terms of
consistency of findings (Gorter et al., 2015, 2016; Jabrayilov et al.,
2016), especially in small samples and in the face of missing data
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Figure 2

Baseline Distributions of A-IADL-Q IRT-Based (Left) and CTT-Based (Right) Scores, Stratified by Diagnostic Group
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A-IADL-Q IRT-based score

0 25 50 75 100
A-IADL-Q CTT-based score

Diagnostic group . Normal cognition . Subjective cognitive impairment . Mild cognitive impairment . Mild dementia

Note. A-IADL-Q = Amsterdam Instrumental Activities of Daily Living Questionnaire; CTT = classical test theory; IRT = item response

theory. See the online article for the color version of this figure.

(Wang & Reeve, 2021). As such, we had expected to find that
IRT-based scores would show more evident change over time than
CTT-based scores; however, the differences between the two
methods in the amount of longitudinal change were minimal. Still,
IRT-based scores showed a significant, albeit small, decline over

Table 3

time among cognitively normal individuals, whereas the change
in CTT-based scores was not significant. The absence of scale
attenuation in IRT-based scores may have contributed to this,
as there was more variation in the IRT-based scores than in the
CTT-based scores. This suggests that IRT-based scores might be

Estimated Yearly Change (Slopes) in IRT-Based and CTT-Based Scores in the Total Sample and in

Different Groups

IRT CTT
Scoring technique Coefficient Effect size Coefficient Effect size
Total group —0.26 [-0.38, —0.13] —0.24 0.68 [0.43, 0.93] 0.22
NC —0.15 [-0.28, —0.03] -0.02 0.20 [-0.02, 0.41] 0.02
SCD 1.33 [0.78, 1.89] 0.21 —1.83 [-2.82, —0.83] -0.15
MCI —1.44 [-2.29, —0.58] -0.23 4.62 [3.09, 6.16] 0.37
Dementia —3.46 [-4.21, =2.71] —0.55 9.33 [7.97, 10.69] 0.74

Note. Time coefficients from linear mixed models are shown with the 95% confidence interval and are

adjusted for baseline age, sex, and education. IRT and CTT score scales are mirrored to one another. CTT =
classical test theory; IRT = item response theory; NC = normal cognition; MCI = mild cognitive impairment;
SCD = subjective cognitive decline.
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Figure 3
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Trajectories of A-IADL-Q Scores Over Time, by Diagnostic Group
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are in the same direction (i.e., a downward pointing line indicates a decline in everyday functioning). A-IADL-Q = Amsterdam
Instrumental Activities of Daily Living Questionnaire; CTT = classical test theory; IRT = item response theory; MCI = mild
cognitive impairment; NC = normal cognition; SCD = subjective cognitive decline. See the online article for the color version of

this figure.

more suitable than CTT-based scores for tracking subtle changes
over time. Interestingly, in individuals with SCD, we observed
changes in the opposite direction, where functioning seemed
to improve over time. This improvement was observed in both
IRT- and CTT-based scores. Improvements in functioning are not
commonly reported, but it is possible that reassurance after the initial
memory clinic visit may have alleviated some concerns in this group
of patients. At the same time, it should be noted the change was quite
small. In more advanced disease stages, IRT- and CTT-based scores
were comparable. In the dementia stage, CTT-based scores even
showed a slightly larger effect size.

Together, these findings seem to indicate that the IRT-based
scoring method has a modest advantage over CTT-based scoring,
both for investigating cross-sectional differences and for measuring
changes over time. The benefits of the IRT-based scoring method
are particularly evident in early disease stages: It seems IRT- and

CTT-based scores are more interchangeable in later disease stages,
whereas IRT-based scores seem to be marginally more precise in
early stages of AD and related disorders. Because CTT-based scores
are easier to obtain, they could continue to be the preferred scoring
method in clinical settings where there may not always be time or
resources to run the IRT scoring algorithm. At the same time, we
argue for the use of IRT-based scores in (secondary) prevention
trials and research targeting early disease stages, as they appear to
provide a more fine-grained assessment of IADL functioning.
Our study highlights methodological complexity when comput-
ing CTT to IRT crosswalk tables. There are various methods for
linking CTT to IRT-based scores (Schalet et al., 2021), one of which
is the Lord-Wingersky algorithm (Thissen et al., 1995), used in the
PROsetta Stone project (Choi et al., 2021). The Lord-Wingersky
algorithm relies on the IRT scoring parameters and was designed to
link different instruments onto a single scale but may also be used to
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align different scoring techniques of the same instrument on the
same scale. The latter works only with sum scores, but because of
the design of the A-IADL-Q, in which responses that are not relevant
for measuring the underlying construct of everyday functioning are
considered missing, CTT-based scores are an average score. Hence,
we could not use this algorithm to align the CTT and IRT-based
scores. Therefore, we opted to use simulations instead, with the
drawback that we could not simulate all possible item response
combinations due to computational constraints with the enormous
number of possible response patterns. An important advantage of
aligning the two scales is that previously published IRT score
cutoffs can be applied to CTT-based scores as well. Hence, we
recommend users of the CTT-based scores to use the crosswalk
tables to convert their scores into IRT-based T scores. Such
crosswalk tables can be integrated into electronic health records
or case report forms so that CTT-based scores can be converted
automatically into and displayed as IRT-based T scores. In the
transition from CTT-based to IRT-based scoring, with the linkage
provided here, we eliminate the need for separate cutoffs, which thus
far have only been made to apply to the IRT scale (Dubbelman,
Terwee, et al., 2022; Dubbelman, Verrijp, et al., 2022; Sikkes,
Pijnenburg, et al., 2013).

Constraints on Generality

Our sample was recruited in Western European countries, and we
do not know the ethnoracial composition of our sample. Our sample
was relatively highly educated. We previously showed that there
was no meaningful systematic bias in the reporting of impairment
in everyday functioning in individuals from various European
countries and the United States nor in individuals who received
more or fewer years of formal education (Dubbelman, Verrijp, et al.,
2020). Therefore, we expect similar results in samples from the
United States and among those who are less highly educated. It
should be noted, however, that it is currently unknown how these
findings generalize to the global population, as this has not yet been
investigated. Further, we used data from multiple cohorts that each
employed differing inclusion criteria. While this allowed us to
obtain data from individuals covering a wider spectrum of cognitive
statuses ranging from normal cognition to dementia, it is possible
that cohort-specific inclusion criteria other than cognitive status
might have influenced the clinical group comparisons. Finally, we
were unable to account for the potential confounding effect of
patient characteristics such as mood or comorbidity due to a lack of
available data. We have previously observed a negligible influence
of mood on everyday functioning (Dubbelman, Verrijp, et al., 2020;
Sikkes, Knol, et al., 2013), hence, the confounding effect in the
present analyses is likely limited.

Strengths and Future Directions

A strength of this study was the inclusion of a large sample of
patients from various European sites who were followed over time,
spanning the disease spectrum from cognitively normal to mild
dementia and thus representing a wide array of different clinical
presentations. Future studies with the A-IADL-Q may capitalize on
other opportunities provided by IRT-based scoring, including
computerized adaptive testing that may substantially reduce the
burden of completing questionnaires. Based on item parameters that

provide information on each item’s difficulty and discriminatory
ability, a precise total score can be obtained with far fewer—often
less than 10—questions.

Conclusion

In conclusion, IRT-based scores for the A-IADL-Q have
advantages including the lack of a ceiling effect, the possibility of
computerized adaptive testing, and slightly superior responsiveness
in early disease stages. As such, IRT-based scoring should be
performed whenever possible to ensure that data can be analyzed
optimally.
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