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Abstract

INTRODUCTION: Traditional instruments assessing activities of daily living (ADLs)
and cognitive complaints are language based and insufficiently capture technology-
based ADLs, limiting use among individuals with limited language proficiency or
language impairments. We developed the picture-based assessment of subjective
deficits in cognition and ADL (Pic-ADL) to address this gap and reflect contemporary
everyday functioning.

METHODS: The Pic-ADL is a picture-based self-report questionnaire covering cog-
nitive and ADL complaints, including novel items on digital media. We investigated
243 healthy controls and 70 neurological patients, who completed neuropsychological
testing and language-based questionnaires for validation.

RESULTS: The Pic-ADL showed high acceptability, reliability, and validity. Patients
with major neurocognitive disorder (NCD) reported significantly more difficulties
than patients with mild NCD and controls (,,7;2: A49). Classification accuracy of
controls/mild NCD versus major NCD was 91% (sensitivity = .83, specificity = .86).
DISCUSSION: The Pic-ADL demonstrated strong psychometric properties and may
be useful in settings where language-based assessment is challenging, supporting
improved NCD diagnosis.
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1 | BACKGROUND

The diagnostic criteria for mild cognitive impairment (MCIl), originally
defined by Petersen et al.! and refined by later work,2"* emphasize
subjective cognitive complaints, objective cognitive impairment, and
largely preserved activities of daily living (ADLs).* Conceptually, MClI
corresponds to “mild neurocognitive disorder” (mild NCD), as defined
in diagnostic frameworks such as the Fifth Edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) and the National
Institute on Aging-Alzheimer’s Association (NIA-AA).°~7 These frame-
works distinguish mild from major NCD primarily based on functional
independence; whereas major NCD entails loss of independence in
ADLs, autonomy is largely preserved in mild NCD,%° although subtle
difficulties may emerge in complex tasks.®

Across the spectrum of NCDs, subjectively perceived cognitive
and functional difficulties constitute an important component of
clinical assessment, providing information on everyday functioning
beyond objective testing alone.? Although subjective complaints alone
are insufficient to establish a diagnosis,'© they nonetheless pro-
vide relevant clinical information across different stages of cognitive
impairment.!! However, existing instruments assessing cognitive com-
plaints and ADLs are language dependent and require adequate
reading comprehension and abstract reasoning. Individuals with lim-
ited language proficiency, acquired language disorders, or low liter-
acy may therefore be disadvantaged and face an increased risk of
misdiagnosis.1213 In addition, about 19% of adults in the United States
read at or below basic literacy levels.1

Furthermore, many widely used instruments do not adequately
reflect the digital demands of everyday life. Although 90% of U.S. indi-
viduals own a smartphone and most go online multiple times per day, !>
traditional ADL measures still focus on conventional activities such
as telephone use,'® and even modern instrumental ADL (IADL) scales
often fail to capture digital activities such as smartphone, internet, or
social media use,”

Thus, there is a clear need for updated tools with limited linguistic or
cognitive abilities. To address this gap, we developed the picture-based
assessment of subjective deficits in cognition and ADLs (Pic-ADL). This
study aimed to evaluate its psychometric properties and diagnostic
performance in healthy controls and neurological patients.

» Development of a picture-based tool for cognitive and activity of daily living (ADL)
complaints (Pic-ADL).

* Modern ADL items on smartphone, computer, and internet-related tasks.

» Pic-ADL shows high reliability and validity in controls and neurological patients.

* High accuracy in classifying mild versus major neurocognitive disorder.

2 | METHODS

2.1 | Participants and Recruitment

Data collection for this cross-sectional study took place between
September 2023 and April 2025. In total, N = 347 participants (261
controls, 86 neurological patients) were recruited, and the final sam-
ple consisted of N = 313 participants after exclusions (243 controls, 70
neurological patients). Figure 1 illustrates participant flow and study
procedures.

Healthy controls were recruited and assessed by trained medical
students through their personal networks in Germany. Inclusion cri-
teria were: (1) age 40-90 years, (2) normal or corrected vision and
hearing (self-report), (3) sufficient German language skills, (4) sufficient
language proficiency (>14 points on the Short Aphasia Check List!8),
(5) no severe depressive symptoms (Beck Depression Inventory-Il
[BDI-I1] <2817), and (6) no neurological disease or cognitive impair-
ment (self-report). To ensure the absence of clinically relevant cogni-
tive impairment, control participants were excluded if they scored <12
on the DemTect, indicating dementia-range performance.?°

Neurological patients with subjective or objective cognitive impair-
ment were examined by the staff of the Neuropsychology working
group at the Department of Neurology, University Hospital of Cologne,
Germany. Except for one inpatient, all patients were assessed as
part of the outpatient memory consultation service. Inclusion crite-
ria were: (1) age 40-90 years, (2) normal or corrected vision and
hearing (self-report), (3) sufficient German language skills, and (4) suf-
ficient language proficiency (>14 points in the Short Aphasia Check
List18).

Two additional control samples were recruited for validation using
the same recruitment criteria as the main sample: n = 120 control par-
ticipants to assess test-retest reliability; n = 40 control participants,
equally split between versions with and without captions, to examine
the impact of picture captions. Additional information on the two con-
trol samples is provided in Supplementary Text 1. All subjects provided
written informed consent. The study was approved by the ethical com-
mittee of the Medical Faculty of the University of Cologne, Germany
(ID: 23-1249) and conducted in accordance with the Declaration of
Helsinki and its later amendments.
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RESEARCH IN CONTEXT

1. Systematic Review: We searched the literature
using standard scientific databases. Although several
instruments assess activities of daily living (ADLs)
and subjective cognitive complaints, they are largely
language dependent, require intact reading com-
prehension, and insufficiently reflect modern digital
activities. No validated instrument addressing these
limitations—particularly reduced linguistic demands and
contemporary ADL domains—was identified.

2. Interpretation: This study introduces the Pic-ADL, a pre-
dominantly picture-based screening tool capturing sub-
jective cognitive and ADL impairment, including both
traditional ADL items and items on digital media use.
Our findings show that the Pic-ADL is reliable, valid,
and able to differentiate individuals with mild and major
neurocognitive disorder, thereby extending existing ADL
assessments and improving diagnostic applicability in
populations with limited language proficiency.

3. Future Directions: Future work should evaluate the Pic-
ADL in larger, culturally diverse samples, assess its cross-
linguistic validity, and determine its applicability across
clinical subgroups. Development of brief and informant-
based versions should also be pursued to optimize clinical
utility.

2.2 | The picture-based assessment of subjective
deficits in cognition and activities of daily living
(Pic-ADL)

The Pic-ADL is a predominantly picture-based, self-reported question-
naire designed to assess subjective difficulties in cognition and ADLs. It
was developed collaboratively by neuropsychologists, neurolinguists,
neurologists, and a graphic designer. Items are rated on a 5-point Likert
scale ranging from O (no problems) to 4 (major problems) (see example
items in Figure 2).

The Pic-ADL comprises 48 items across nine domains: Technology (9
items), Personal Hygiene (2 items), Healthcare (2 items), Household (4
items), Mobility (3 items), Finances (5 items), Social Life (2 items), Cog-
nitive Abilities (17 items), and Other Issues (4 items). Completion time
is ~10-15 minutes. Total and domain scores are calculated as mean
scores (sum divided by number of items completed), with a maximum
of four points.

The Pic-ADL is intended for individuals 40-90 years of age with sus-
pected or diagnosed NCD, and it is freely accessible; all materials are
provided in the Supplementary Material

The original questionnaire was developed in German; the transla-
tion procedure is described in the Supplementary Text 2.

Disease Monitoring

2.2.1 | Item Selection

Item selection followed a multi-step process. First, existing ADL and
subjective cognitive complaint questionnaires were systematically
reviewed, and relevant items were extracted. An interdisciplinary team
evaluated these items for relevance, clarity, and graphical feasibility.
Additional items were developed to capture domains insufficiently
represented in existing instruments, particularly digital media use
(e.g., smartphones, internet, social media) and financial management.
All items were subsequently visualized by a graphic designer in col-
laboration with the research team. Illustrations depicted individuals
representative of the target age range (40-90 years). The interdis-
ciplinary team reviewed and iteratively refined the illustrations until

consensus was reached on the final item set.

2.3 | Instrument and Assessment

In addition to the Pic-ADL, all participants completed a sociode-
mographic questionnaire, a neuropsychological test battery, and
language-based questionnaires. Controls completed a shortened ver-
sion of the neuropsychological test battery used in patients.

2.3.1 | Neuropsychological test battery

The neuropsychological test battery consisted of the following tests:
1. Short Aphasia Check List® to ensure adequate language compre-

hension for completing the validation instruments.
2. DemTect?° as a global cognitive screening.

@

Consortium to Establish a Registry for Alzheimer’s Disease

(CERAD)-Plus battery?! including semantic and phonetic fluency

tests, the 15-item Boston Naming test, the Mini-Mental State

Examination (MMSE), a Word List Learning/Recall/Recognition

task, Figures Copy and Recall, and the Trail Making Test (TMT) A&B.

4. Digit Span Forward/Backward of the Wechsler Memory Scale—
Revised (WMS-R?2) to evaluate memory and working memory.

5. Stroop Color-Word-Interference Test (Stroop?®) as a measure of
attention, processing speed, and inhibition.

6. Subtest Cube Analysis of the Visual Object and Space Perception
Battery (VOSP24) to investigate visual perception.

7. Healthy controls completed only the Short Aphasia Check List,

DemTect, TMT-A&B, and the phonetic fluency task of the CERAD-

Plus test battery.

2.3.2 | Questionnaires
The following self-reported questionnaires were included:

1) The Pic-ADL was administered as a self-report instrument. Partic-
ipants were introduced to the response format using the first item
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Excluded (18)

| 261 control subjects screened I | 86 neurological patients screened l /Excluded @) N\

Impaired vision/hearing (3)
Severe depressive

« Severe cognitive
impairment interfering

Zymp??ms_ (1) . t v v with test administration

. ognitive impairmen

(ngTect < ?2; 14) 243 control subjects met inclusion 82 negrolog?cal pgtignts met \_ 4) J
criteria inclusion criteria N N

Excluded (12)
* Questionnaires were not
v returned (12)

243 control subjects included in
cross-sectional analysis

A4

Short Aphasia Check List
DemTect
CERAD-Plus TMT-A
CERAD-Plus TMT-B
CERAD-Plus Phonetic fluency

- J

4 N\
70 neurological patients included
in cross-sectional analysis
SCD:n=8
Mild NCD: n = 22
Major NCD: n =40

v

Short Aphasia Check List
DemTect
CERAD-Plus test battery
WMS-R Digit Span
Forward/Backward
Stroop
VOSP Cube Analysis

v

Pic-ADL
Feedback Questionnaire
SCD-Q
PDQ
B-ADL (self- and informant report)

A-IADL-Q

BDI-II

IQCODE

313 included in cross-sectional analysis

FIGURE 1 Flow of Participants and Study Procedures. A-IADL-Q, Amsterdam Instrumental Activities of Daily Living Questionnaire; B-ADL,
Bayer Activities of Daily Living; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; IQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly; NCD, neurocognitive disorder; PDQ, Perceived Deficits Questionnaire; Pic-ADL, Picture-based assessment of
subjective deficits in cognition and Activities of Daily Living; SCD, subjective cognitive decline; SCD-Q, Subjective Cognitive Decline
Questionnaire; Stroop, Stroop Color-Word-Interference Test; TMT-A, Trail Making Test Part A; TMT-B, Trail Making Test Part B; VOSP, Visual
Object and Space Perception Battery; WMS-R, Wechsler Memory Scale - Revised.

e

)

10)

as an example and completed the remaining items independently
without assistance
Feedback Questionnaire on graphics, content, instructions, and
completion time of the Pic-ADL

Subjective Cognitive Decline Questionnaire (SCD-Q?°)
Perceived Deficits Questionnaire (PDQ?%)

Bayer-ADL (B-ADL; self-assessment¢)

Amsterdam IADL Questionnaire Short version (A-IADL-Q)%7:28
for IADLs

BDI-111? for the intensity of depressive symptoms
The following informant-based reports (if available) were
included:

Informant Questionnaire on Cognitive Decline in the Elderly
(IQCODE??)

B-ADL (informant version) ¢

For more details on the questionnaires, see Supplementary Text 3.
Patients could choose to complete the questionnaires either on-site or
at home (within 4 weeks), with the option to return them by post (mail).

The test-retest reliability control group completed the DemTect,
TMT-A&B, Pic-ADL, and BDI-II during the first assessment, and the
DemTect and Pic-ADL during the second retest assessment. The cap-
tion/no caption control group completed the same assessments as the
control group.

2.4 | Patient classification in SCD, Mild NCD, and
major NCD

Cognitive impairment was determined according to the DSM-5

k,30

framewor considering five cognitive domains: executive function,
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FIGURE 2

Example Items of the Pic-ADL.
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perceptual-motor function, complex attention, learning and mem-
ory, and language (see Table S1 for test assignments’). Cognitive
impairment was defined as present if3%-31:

—  One test score in any domain was > 1.5 standard deviation
(SD) below the normative mean, or
Two test scores within the same domain were > 1 SD
below the mean, or
Three test scores across domains were > 1 SD below the

mean.

ADL impairment was assessed using the B-ADL (self- and informant-
rated), with an average score >3.0 on either rating indicating
impairment.32

Based on objective cognitive performance and ADL functioning,
patients were classified as mild or major NCD, defined as cognitive
impairment without versus with ADL impairment. Patients without
objective cognitive impairment were classified as having subjective
cognitive decline (SCD), defined clinically by subjective cognitive diffi-
culties documented during clinical history as the reason for presenta-

tion at the memory clinic.

2.5 | Data analysis

Statistical analyses were conducted using SPSS Statistics, version
29.0,%% with a significance level of a = .05 (two-tailed). A detailed
description of the data analysis is available in the Supplementary Text 4.

Feasibility was evaluated by the proportion of missing item-level
data. Acceptability was assessed through (1) mean-median differ-
ence, (2) floor/ceiling effects, and (3) skewness. Group differences in
feedback ratings between controls and NCD patients were examined
using analysis of covariance (ANCOVA) with bootstrapping (age and
education as covariates; a = .05; 5000 resamples, BCa intervals).

Internal consistency was examined for each domain and the total
scale using (1) Cronbach’s a and (2) corrected item-total correlation.
Test-retest reliability was examined using intraclass correlation coef-
ficients (ICCs; two-way random, absolute agreement, single measures)
for the total and domain scores (Bonferroni-adjusted). Measurement
precision was estimated using the standard error of measurement
(SEM), SEM = SD x \/ﬁ', where r denotes reliability (Cronbach’s «).

Construct validity was evaluated using Spearman’s rank corre-
lations and Kendall's coefficient of concordance (W) to examine
strength and direction of associations and agreement in rank order-
ing between Pic-ADL and related questionnaires (A-IADL-Q, B-ADL,
SCD-Q, PDQ). Associations with informant-based measures (B-ADL,
IQCODE) were examined separately. Correlations/concordance were
Bonferroni-adjusted.

To examine the underlying structure of the Pic-ADL, an exploratory
factor analysis (EFA) was conducted on all items simultaneously using
principal axis factoring. Sampling adequacy was assessed using the
Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test of spheric-
ity. Factor retention was determined by eigenvalues >1 and scree plot

inspection.

Known-groups validity (controls vs mild NCD vs major NCD) was
analyzed using ANCOVA with bootstrapping with age and education
as covariates and Pic-ADL total/domain scores as dependent variables
(5000 resamples, BCa intervals). Differences in the DemTect were
assessed using the same method (Bonferroni-adjusted).

Diagnostic accuracy, as an indicator of criterion validity, was
evaluated by receiver-operating characteristic (ROC) analysis of the
Pic-ADL total score. The area under the curve (AUC) indicates dis-
criminative ability. Optimal cutoffs distinguishing controls/mild NCD
from major NCD were determined using the Youden index and the
closest top-left threshold. To characterize the severity of impair-
ment on the Pic-ADL total score, impairment levels were graded
using cutoffs derived from the descriptive statistics of the con-
trol group. To more clearly distinguish between subjective cog-
nitive complaints and functional ADL impairment, the total Pic-
ADL score was subdivided into two subscores: a functional ADL
score and a cognitive score. ROC-based procedures were applied

to both subscores to estimate diagnostic accuracy and derive cutoff

values.
3 | RESULTS
3.1 | Sample characteristics

According to the neuropsychological assessment, patients were classi-
fied as SCD (n = 8), mild NCD (n = 22), and major NCD (n = 40). Table 1
presents the sociodemographic characteristics and neuropsychological
test performance of the control group and patient groups.

3.2 | Feasibility and Acceptability

All patients decided to complete the questionnaires at home and
returned them by post (mail). Missing data for all items were min-
imal (0.3%-2.2%), indicating excellent feasibility. Results for accept-
ability and internal consistency in the combined sample of controls
and neurological patients are displayed in Table 2. The difference
between the mean and median of the Pic-ADL total score (0.17
points, 4.3% of the maximum possible score) met acceptability cri-
teria, as did all domain scores except for “Mobility” (0.42 points,
10.5%).

No notable floor (5.8%) or ceiling effects (0.0%) were observed for
the total score. At the domain level, floor effects ranged from 14.4%
to 89.1%, but were smaller among neurological patients (total score:
0.0%; domains: 1.4%-71.4%; see Table S2).

In the combined sample, the total score showed positive skewness
(2.19), largely driven by low scores in the control group. In contrast,
the patient group showed a more symmetrical distribution with accept-
able skewness (0.79; see Table S2). The results for the control group are
presented in Table S3.

Feedback ratings on graphics, content, instructions, and completion
time were high across all participants, indicating good acceptability
of the Pic-ADL. Ratings did not differ significantly between controls
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TABLE 1 Sociodemographic characteristics and neuropsychological test performance of the samples.

Control group All patients SCD Mild NCD Major NCD
(n=243) (n=70) (n=28) (n=22) (n=40)
Age, years 56.96 +8.51 69.99 +9.47 65.88 + 10.37 68.95+9.71 71.38 + 9.08
[40-89] [43-87] [47-80] [43-87] [51-87]
Men/Women [%] 112/145 36/34[51.4/48.6] 6/2 12/10 18/22
[43.6/56.4] [75.0/25.0] [54.5/45.5] [45.0/55.0]
Education, years 16.93 +3.28 14.38 + 3.19 15.50 + 2.62 15.59 + 3.65 1349 +2.77
[6-26] [7-21] [12-18] [7-21] [9-19]
Short Aphasia Check List, max. 38.99+1.31 35.81+3.03 37.25+2.66 36.89 +2.25 34.93+3.22
40 points [34-40] [26-40] [34-40] [32-40] [26-40]
DemTect, 16.97 +1.59 12.67 + 3.43 15.75+1.83 13.50 + 3.04 11.60 +3.43
max. 18 points [13-18] [5-18] [13-18] [7-18] [5-18]
CERAD-Plus S-words 16.91+5.10 11.69 +5.08 16.75 +4.59 12.18 +5.81 10.40 +4.07
[4-34] [1-25] [11-25] [1-24] [3-18]
CERAD-Plus TMT-A, max. 180 30.54 + 11.55 53.41+24.01 31.13+11.18 47.77 + 18.62 60.98 + 25.15
seconds [13-94] [14-179] [14-50] [16-98] [26-179]
CERAD-Plus TMT-B, max. 300 71.91+ 34.06 159.73 + 86.12 83.00+35.04 131.86 +80.20 190.40 + 82.62
seconds [20-300] [36-300] [36-137] [50-300] [47-300]
BDI-II, 3.19+4.15 9.29 +9.63 6.88 + 6.49 6.14 +4.64 11.50 + 11.54
max. 63 points [0-24] [0-45] [3-22] [0-16] [0-45]

Note: Values are reported as mean + SD [range] unless otherwise indicated. Education (years) represents the total of years of schooling plus vocational and/or
tertiary education. No participant self-identified as non-binary.

Abbreviations: BDI-II, Beck Depression Inventory-Il; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; NCD, neurocognitive disorder;
SCD, subjective cognitive decline; SD, standard deviation; TMT-A, Trail Making Test Part A; TMT-B, Trail Making Test Part B.

TABLE 2 Feasibility, acceptability, and internal consistency for the Pic-ADL.

ICC
Floor Ceiling Cron- (test-retest
Mean Median SD Skewness Minimum Maximum effect (%) effect(%) bach’'sa subsample)

Technology 0.52 0.22 0.76 221 0.00 4.00 30.2 0.3 .85 .58*
Personal Hygiene 0.11 0.00 0.36 3.64 0.00 2.00 89.1 0.0 77 .33*
Healthcare 0.22 0.00 0.52 3.06 0.00 3.50 77.7 0.0 71 57*
Household 0.21 0.00 0.44 2.76 0.00 2.25 71.2 0.0 .76 43*
Mobility 0.42 0.00 0.67 2.12 0.00 4.00 54.3 0.3 .70 43"
Finances 0.13 0.00 0.39 4.41 0.00 3.00 77.9 0.0 .82 .55%
Social Life 0.29 0.00 0.60 2.84 0.00 4.00 718 0.3 .69 .50*
Cognitive Abilities 0.61 0.35 0.69 1.99 0.00 3.76 14.4 0.0 .95 74*
Other Issues 0.85 0.75 0.81 1.22 0.00 4.00 20.2 0.3 .84 .62*
Pic-ADL total 0.46 0.29 0.53 2.19 0.00 2.95 58 0.0 .95 74"

Note: Total and domain scores are calculated relative to the number of items completed, with a maximum score of 4 points. Therefore, the Pic-ADL total score
represents an average score. Test-retest reliability was assessed in the test-retest reliability control group (n = 120) with total score and domain reliability
assessed using the intraclass correlation coefficient (two-way random, absolute agreement, single measures). After Bonferroni correction, p-values below a
significance level of « = .005 are considered significant.

Abbreviations: ICC, intraclass correlation coefficient; Pic-ADL, Picture-based assessment of subjective deficits in cognition and Activities of Daily Living; SD,
standard deviation.

and NCD patients (see Table S4), except for content ratings, which Pic-ADL versions with versus without captions for total or domain
were slightly but significantly lower in the NCD group than in controls scores (all p’'s > .05). Correlations with external measures remained
(controls: 9.36 + 0.08 vs NCD: 8.81 + 0.25, p = .023, 7% = 0.02). statistically significant in both conditions (p < .05), indicating preserved

Caption necessity was examined in a propensity score-matched convergent validity irrespective of caption use (see Supplementary

control subsample (n = 14 pairs). No differences were found between Text 5).
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3.3 | Reliability

In the combined sample, item-total corrected correlations met reliabil-
ity criteria for nearly all items; only 1 of 48 items (sleep disturbances:
r = .28) fell slightly below the standard. Cronbach’s « values for the
total scale indicated excellent internal consistency (¢ = 0.94-0.97
across groups). Across both the combined sample (Table 2) and the
patient subsample (Table S2), only the “Social Life” domain showed «
values < .70. Results for the control group are reported in Table S3.
In the patient group, four items showed item-total corrected correla-
tions below the standard criterion (social contact: r=.23, remembering
names: r =.24, recalling past events: r=.15; sleep disturbances: r=.12),
whereas all other items ranged from r=.31t0.87.

Table 2 presents the test-retest reliability results, with a mean
interval of 6.03 + 0.76 weeks between assessments (range: 4.00-
7.86 weeks). Test-retest reliability for the Pic-ADL total score was high
(ICC21 =74, 95% confidence interval [Cl] .64~ .81], p < .001).

Measurement precision indicated good reliability for the Pic-ADL
total score and most domains. Only three domains (“Healthcare,”
“Mobility,” and “Social Life") exceeded the 0.5 SD threshold, suggesting

slightly lower precision in these areas (see Table S5).

3.4 | Construct validity

Table Sé presents the correlations and concordance between the Pic-
ADL and established questionnaires assessing ADL (A-IADL-Q, B-ADL
self-report) and subjective cognitive complaints (SCD-Q, PDQ) for the
combined sample. Results for controls and neurological patients are
provided in Table S7.

In the combined sample, the Pic-ADL total score correlated signif-
icantly with the reference instruments (r; = 0.42-0.77, p < .000025),
indicating good convergent validity. Most domain scores also corre-
lated moderately to strongly with existing measures (r; = 0.22-0.77,
p < .00025). Concordance (Kendall's W) for the Pic-ADL total score
ranged from .58 to 1.00 (p < .000025), with most domains meeting
the acceptable standard (.56 to 1.00, p < .000025). Furthermore, the
Pic-ADL total score correlated significantly with the informant-based
B-ADL (rs = .48, p <.000025) and IQCODE (rs= .47, p < .000025) and
showed excellent agreement with both measures (B-ADL: W = .91,
IQCODE: W = 1.00, both p’s < .000025).

The “Other Issues” domain showed only moderate concordance
with the B-ADL or SCD-Q but correlated significantly with the BDI-1lin
the combined sample (rs = .60, p <.001). Nevertheless, its concordance
with the BDI-Il was limited (W = .24, p < .001).

In addition, in the combined sample, the Pic-ADL total score corre-
lated significantly and moderately with the DemTect (rs = -.36), BDI-II
(r¢=.53), age (rs = .46), and education (rs = -.28). The association with
gender was negligible (see Table S8).

3.5 | Dimensionality

Data were suitable for factor analysis (KMO = .86; Bartlett’s
£2(1128) = 5786.50, p < .001). The first factor explained 35.0% of
the variance and had a substantially higher eigenvalue than subse-
quent factors. Although the eigenvalue criterion suggested multiple
factors, the scree plot revealed a clear break after the first factor,
supporting a predominantly unidimensional structure.

An exploratory two-factor solution suggested a broad distinction
between items reflecting subjective cognitive complaints (e.g., mem-
ory, attention, and fatigue-related symptoms) and items reflecting
more complex IADLs (e.g., financial management and technology use).
However, substantial cross-loadings and a strong correlation between
factors (r = .66) indicated that these dimensions were not clearly
separable.

3.6 | Known-groups validity

Table 3 summarizes the known-groups comparisons. The SCD group
was excluded from these analyses due to its small sample size (n = 8).
Across all Pic-ADL domains—except “Social Life” and “Other Issues”—
both controls and patients with mild NCD differed significantly from
those with major NCD. For the “Cognitive Abilities” domain and the
Pic-ADL total score, all three groups differed significantly. Overall, total
and domain scores increased with clinical severity (see Table 3).

3.7 | Criterion validity: Diagnostic performance
ROC curve analyses of the Pic-ADL total score demonstrated high clas-
sification accuracy across all group comparisons (AUC = .79-.92; see
Table S9). To distinguish controls and patients with mild NCD from
patients with major NCD, the AUC was .91 (see Figure 3), indicating
strong discriminatory power.

Based on both the Youden index and the closest top-left approach,
an optimal cutoff for the Pic-ADL total score of 0.6 (sensitivity = .83,
specificity = .86) was identified. Severity grading of ADL impairment on
the Pic-ADL was derived from the descriptive statistics of the control
group (M = 0.29, SD = 0.27). Based on these values, mild impairment
was defined as a total mean score >0.60, moderate as >0.90, and
severe as >1.20. Concordance analyses with the B-ADL self-report sup-
ported this grading: participants with higher Pic-ADL severity levels
showed higher B-ADL scores (mild: M = 1.94, SD = 0.79; moderate:
M =2.32,5SD =0.54; severe: M =4.01, SD = 1.27), indicating increasing
ADL impairment across both instruments.

ROC curve analyses demonstrated consistently high classifica-
tion accuracy of the cognitive Pic-ADL subscore across all group
comparisons (AUC = .80-.92). As expected, the functional ADL sub-

score showed its strongest discriminative performance in comparisons
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TABLE 3 Known-Groups Validity for the Pic-ADL.

Adjusted means + standard error

Disease Monitoring

[95% Cl bootstrapped] ANCOVA
Control Group Mild NCD Major NCD
(n=243) (n=22) (n=40) F(df) p-value o1

DemTect, 16.70 +0.12 13.74 +0.61 12.04 +0.63 F(2,300) = 69.62 <.00112 46

max. 18 points [16.45-16.94] [12.46-14.92] [10.81-13.26]

Pic-ADL

Technology 0.38 + 0.04 047 +0.16 1.31+0.20 F(2,298) =31.93 <.00128 .38
[0.31-0.45] [0.19-0.79] [0.93-1.72]

Personal Hygiene 0.05+0.02 0.10 +0.07 0.45+0.11 F(2,300) = 18.31 <.00123 14
[0.02-0.09] [-0.02-0.25] [0.26-0.67]

Healthcare 0.14 +0.03 0.17 +0.06 0.70 +0.15 F(2,297)=16.92 <.00123 A1
[0.09-0.19] [0.06-0.30] [0.43-0.99]

Household 0.10 +0.02 0.20+0.10 0.81+0.13 F(2,296) =50.61 <.00123 .37
[0.07-0.14] [0.05-0.39] [0.55-1.07]

Mobility 0.26 +0.03 0.35+0.10 1.32+0.17 F(2,300) =50.11 <.00123 .35
[0.21-0.32] [0.19-0.55] [1.00-1.67]

Finances 0.05+0.01 0.08 + 0.04 0.63+0.14 F(2,299)=41.79 <.00128 .25
[0.03-0.07] [0.01-0.17] [0.37-0.89]

Social Life 0.15+0.03 0.50+0.15 1.03+0.18 F(2,299)=34.86 <.00112 24
[0.09-0.20] [0.25-0.79] [0.70-1.38]

Cognitive Abilities 0.38 +0.03 0.80 + 0.09 1.73+0.16 F(2,300) = 93.03 <.001%23 49
[0.33-0.43] [0.62-0.98] [1.42-2.03]

Other Issues 0.70+0.05 1.03+0.16 1.52+0.19 F(2,299)=16.22 <.0012 22
[0.62-0.79] [0.73-1.35] [1.14-1.90]

Pic-ADL total, 0.30 +0.02 0.54 +0.07 1.28 +0.13 F(2,300) = 85.61 <.001123 49

(max. 4 points) [0.27-0.34] [0.42-0.66] [1.03-1.52]

Note: Adjusted means from ANCOVA controlling for age and education. All models used bootstrapped confidence intervals (5000 resamples). After Bonfer-
roni correction, p-values below a significance level of @ = .0045 are considered significant. 1Control Group vs Patients with mild NCD, 2Control Group vs
Patients with major NCD, Patients with mild NCD vs Patients with major NCD. The SCD group was not included in the analysis due to the small sample size
(n = 8). DemTect, higher scores indicate better performance. Pic-ADL, higher scores indicate more problems.

Abbreviations: Cl, confidence interval; NCD, neurocognitive disorder; Pic-ADL, Picture-based assessment of subjective deficits in cognition and Activities of

Daily Living.

involving major NCD, particularly in distinguishing major from mild
NCD (AUC = .80) and from combined controls/mild NCD (AUC = .87;
see Table S9)

Using the Youden index and the closest top-left approach, optimal
cutoff values were identified at 0.29 for the Pic-ADL functional total
score (sensitivity = .83, specificity = .77) and 0.76 for the Pic-ADL

cognitive total score (sensitivity = .85, specificity = .82).

4 | DISCUSSION

The present study introduced the Pic-ADL, the first predominantly
picture-based self-report questionnaire designed to assess subjec-
tive cognitive and ADL complaints across NCD stages. The Pic-ADL
demonstrated strong psychometric properties, including high feasi-
bility, reliability, validity, and high accuracy for distinguishing control
subjects, mild NCD, and major NCD.

4.1 | Comparison with previous ADL-instruments
Compared with existing ADL instruments, the Pic-ADL introduces
several innovations. Traditional tools like the B-ADL and Lawton
IADL Scale capture digital activities only minimally (telephone use),
whereas the Pic-ADL includes a broader range of contemporary dig-
ital tasks. Although more recent tools such as the A-IADL-Q have
expanded digital coverage, they remain language dependent. The
picture-based format of the Pic-ADL substantially reduces linguis-
tic demands and may therefore improve accessibility. It also offers
more comprehensive coverage of financial activities, such as ATM
withdrawals or card payment. In addition, other newer ADL tools,
such as the Technology-ADL Questionnaire,3* rely only on informant
reports. Unlike most tools, which either combine functional and sub-
jective cognitive complaints into a single scale'® or require separate
instruments, the Pic-ADL provides separate functional and cognitive
scores.
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FIGURE 3 AUC of the Pic-ADL Total Score for the Comparison
Control Group/Patients with Mild NCD versus Patients with Major
NCD. NOTE: The receiver-operating characteristic curve (blue)
illustrates the classification accuracy of the Pic-ADL total score. The
discriminatory power is demonstrated by AUC = .91. The diagonal red
line represents chance-level classification. The black reference lines
mark the optimal threshold, corresponding to an 82.5% sensitivity and
85.7% specificity. NCD, neurocognitive disorder; Pic-ADL,
Picture-based assessment of subjective deficits in cognition and
Activities of Daily Living.

4.2 | Psychometric properties of the Pic-ADL
Despite its minimal linguistic demands, the Pic-ADL demonstrated
strong psychometric performance. Feasibility was excellent, with mini-
mal missing data and high user satisfaction. Versions with and without
captions performed similarly, indicating that the images alone pro-
vide sufficient context. Captions were retained to reduce ambiguity,
consistent with evidence that brief textual cues improve pictorial
interpretation.®

Internal consistency and test-retest reliability were high for the
total score, and construct validity was supported by substantial cor-
relations with established ADL and subjective cognitive complaint
instruments. As expected, associations for basic ADL domains with
the A-IADL-Q, which focuses on complex instrumental activities, were
weaker.?” The “Other Issues” domain correlated with the BDI-II,
consistent with its neuropsychiatric content.

The Pic-ADL correlated more strongly with self-report than
informant-based measures—an effect well documented in early cog-
nitive decline.13¢37 Reduced awareness of deficits in advanced NCD
may lead to underestimation of impairment in self-report measures,
whereas informant reports are influenced by factors such as cohabi-
tation, relationship, and educational background.®® Together, this sup-
ports integrating both perspectives, particularly in advanced disease
stages.3?

EFA findings suggest that the Pic-ADL primarily reflects a strong
general factor, indicating that subjective cognitive complaints and
functional impairments are closely intertwined and may represent a
unidimensional construct rather than distinct domains. In addition,
the Pic-ADL demonstrated high known-group validity, with difficulty
scores rising with diagnostic severity. In most domains, patients with
major NCD reported greater difficulties than patients with mild NCD
and controls. In the “Social Life” and “Other Issues” domains, both
patient groups differed from controls but not from each other, con-
sistent with evidence that social difficulties and neuropsychiatric
symptoms often emerge early in the disease trajectory.*%*! Further-
more, all three groups differed significantly in the “Cognitive Abilities”
domain, reflecting the expected severity-related gradient in cognitive
difficulties.

Diagnostic accuracy was particularly strong when distinguishing
major NCD from controls and mild NCD (AUC = .91). Even the diag-
nostically challenging differentiation between mild and major NCD
showed high accuracy (AUC = .81) despite smaller group sizes and the
narrower clinical distinction.*? Discrimination between controls and
mild NCD was modest (AUC =.79), driven mainly by the cognitive sub-
score (AUC = .80), whereas the functional ADL subscore showed lower
discrimination (AUC = .68). This aligns with the conceptual design of
ADL-based instruments, which aim to capture functional impairment;
at the mild NCD stage, everyday functioning is often still largely pre-
served. Accordingly, the Pic-ADL is intended for assessing functional
impairment and supporting clinical staging along the NCD continuum
rather than standalone screening for early cognitive decline.

Overall, the diagnostic performance of the Pic-ADL is comparable
to that of established ADL instruments. However, prior tools have pre-
dominantly demonstrated accuracy for broad distinctions, contrasting
dementia with heterogeneous non-dementia groups. For example, the
A-IADL-Q reported an AUC of .75 when distinguishing dementia from
a mixed non-dementia sample (including MCI, SCD, psychiatric, and
other neurological conditions),*®> and Lawton’s IADL scale achieved
an AUC of .93 when separating dementia from a non-dementia group
including MCl and cognitively intact individuals.** By contrast, the Pic-
ADL demonstrates strong performance not only for these broader dis-
tinctions but also for the clinically relevant, more demanding boundary
between mild and major NCD.

For the Pic-ADL total score, a cutoff of 0.6 points effectively dif-
ferentiated individuals with and without ADL/subjective cognitive
deficits. Furthermore, severity gradings (mild, moderate, severe) allow

a more nuanced characterization of functional decline.

4.3 | Strengths and limitations

This study has several strengths. First, the Pic-ADL includes a dig-
ital media domain, capturing contemporary daily activities and the
growing importance of electronic IADLs.*®> Second, the predominantly
picture-based design may facilitate assessment of ADLs and subjec-
tive cognitive complaints when language-based testing is challenging,

potentially supporting more inclusive NCD diagnostics. The low lin-
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guistic demands also facilitate translation into other languages. Third,
we provide a user-friendly Excel file with scoring templates for the
Pic-ADL, enabling standardized and reproducible scoring. Fourth, the
study benefited from a comprehensive neuropsychological test battery
and multiple construct-relevant questionnaires, allowing for robust
validation.

Several limitations should be noted. The predominantly highly
educated, ethnically homogeneous sample may limit generalizability.
The different recruitment strategy for controls (via medical students’
personal networks) may have introduced selection bias and influenced
the normative thresholds derived from this sample. Although analyses
were adjusted for age and education, residual confounding cannot be
excluded. Consequently, the derived thresholds should be interpreted
with caution and validated in independent, more representative
cohorts.

Test-retest reliability was assessed only in healthy controls, which
may have resulted in restricted variance, possibly leading to artificially
low SEM values. Future studies should evaluate test-retest reliabil-
ity in clinically representative samples. Repeated exposure to identical
picture-based items may influence interpretation over time, partic-
ularly in longitudinal applications. Potential retest effects should be
examined in future studies. Furthermore, several domain-level scores
showed lower reliability, suggesting limited stability. Accordingly, the
total Pic-ADL score may provide the most reliable measure of over-
all impairment, whereas domain-specific scores should be interpreted
cautiously.

Diagnostic classification relied partly on the B-ADL, a widely used
and validated instrument with established cutoff values for functional
impairment.32 However, using an ADL-based measure for both classifi-
cation and outcome may have inflated diagnostic accuracy. Replication
using alternative staging instruments, such as the CDR, is warranted to
ensure a more independent reference standard.

Moreover, although the applied neuropsychological assessments
covered the domains most relevant for diagnostic classification, the
DSM-5 domain of social cognition, an area with limited standardized
assessment tools, was not explicitly assessed. Future studies may ben-
efit fromincorporating validated measures of social cognition to enable
an even more comprehensive DSM-5-aligned characterization.

Although the picture-based format of the Pic-ADL increases acces-
sibility, most images depict White individuals, thereby limiting cultural
representativeness; future versions should incorporate greater ethnic
diversity. Furthermore, to date, the Pic-ADL has only been vali-
dated in German. Although the predominantly visual format suggests
that linguistic adaptations should be feasible, multilingual validation
remains essential. Because captions are used, the Pic-ADL is not
entirely non-verbal and still requires minimal language skills. Valida-
tion in individuals with language impairments was not feasible, as they
could not complete the language-dependent questionnaires. Future
research should address this using adapted or nonverbal measures.
However, combining pictorial stimuli with brief captions represents
a pragmatic compromise, preserving the advantages of a largely lan-
guage-reduced format while supporting clarity and reliability of item

interpretation.
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Although the 48-item Pic-ADL was intended to comprehensively
capture ADLs, high Cronbach’s « values suggest some degree of item
redundancy alongside strong internal consistency. A shortened ver-
sion may retain comparable psychometric performance while reducing
respondent burden. Further studies should explore item-reduction
strategies and evaluate whether a shortened version maintains validity
and reliability, particularly in clinical and remote settings. In line with
its conceptual focus on everyday digital media use, a digital version for
smartphones and tablets is planned.

5 | CONCLUSION

The Pic-ADL represents the first predominantly picture-based instru-
ment to assess subjective cognitive complaints and everyday functional
difficulties across NCD stages. In the present study, the Pic-ADL
demonstrated strong psychometric properties and high accuracy in
distinguishing healthy adults and individuals with mild and major
NCD.

Differentiating mild from major NCD is clinically relevant, as func-
tional impairment directly influences diagnostic classification and
subsequent care pathways. Individuals with mild NCD may still ben-
efit from neuropsychological treatment, cognitive rehabilitation, and
lifestyle-based risk-reduction strategies. In Alzheimer’s disease, eli-
gibility for recently FDA-approved amyloid-targeting therapies such
as lecanemab®®#7 is currently restricted to early symptomatic stages
with largely preserved basic ADLs. Conversely, documenting functional
impairment is important, as it determines the need for additional sup-
port, higher long-term care eligibility, and social service access. By
capturing both subtle functional changes and more pronounced impair-
ment, the Pic-ADL may offer substantial practical value for treatment
planning, prognostic assessment, and healthcare resource allocation.
Its combination of traditional and modern ADL domains with minimal
linguistic demands makes it a comprehensive and accessible tool for
various clinical and research settings.
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