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A B S T R A C T

We created and validated the Neuro-Score, a specific scale to detect and monitor cognitive

impairment, including mild stages, in kidney or liver transplant recipients. A qualitative study

was conducted to define a preliminary set of 62 items. Item reduction was performed using

exploratory factor analysis. Confirmatory factor analysis assessed the adequacy of the

factorial solution. The total scores of the Neuro-Score and mini-mental state examination

were compared. Responsiveness to change was evaluated from visit 1 (baseline) to 2A (18

months later) and temporal stability from visit 2A to 2B (1-2 weeks later). Factor analysis

showed 11 factors with an eigenvalue of >1. Confirmatory factor analysis yielded a logical

solution with 1 factor and 11 items that explained 27.9% of the variance. The final model

showed satisfactory internal consistency (Cronbach α ¼ 0.82). A weak negative correlation

was found between Neuro-Score and mini-mental state examination total scores (Pearson

r ¼ �0.12; P ¼.0095). The Neuro-Score responsiveness to change was demonstrated (P ¼
.022). No significant differences in the total score were observed between visits 2A and 2B,

supporting the Neuro-Score temporal stability. The Neuro-Score scale is a simple, reliable,

self-administered, easy-to-interpret, and consistent 11-item scale to detect and monitor

cognitive impairment in kidney and liver transplant recipients.
1. Introduction

Cognitive impairment is prevalent among patients with end-
stage renal disease1 and end-stage liver disease, particularly
among older individuals.2 These deficits are associated with
reduced quality of life, increased risk of hospitalization, morbidity,
mortality, and longer waitlists for organ transplantation.3-5 The
etiology of cognitive impairment in these populations is multi-
factorial and commonly affects executive functions, orientation,
attention, and memory.1

Kidney and liver transplant recipients show better cognitive
performance after transplant, although still below that of age-
matched control groups.6-10 Posttransplant cognitive improve-
ment appears highly variable, with postoperative complications,
comorbid medical conditions, and exposure to immunosuppres-
sants being the leading causes of residual and long-term
cognitive impairment.5,11–13
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Data on the prevalence of cognitive impairment in kidney and
liver transplant recipients are limited. Moreover, prevalence rates
vary widely among studies partly due to the heterogeneity in
screening tests, follow-up durations, and the lack of cutoff scores
for these populations.5,9,11,14 Early detection of cognitive
impairment is crucial for preventing the progression to dementia
and minimizing its impact on daily living activities. However,
identifying cognitive impairment early can be challenging in
clinical practice, mainly because initial symptoms often go un-
noticed and commonly used instruments lack the sensitivity to
detect mild stages.15 Despite its high prevalence in trans-
plantation, cognitive impairment remains a relatively overlooked
issue in this setting. Routine testing is not typically performed in
clinical practice, and no specific instrument to assess cognition
has been developed for these patients.16

There are several screening tests to detect cognitive impairment
that coverdifferent cognitivedomains.12However, there isanunmet
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need for a simple scale specifically designed to detect cognitive
impairment in organ transplant recipients, particularly in its early
stages. Such a scale should be easy to administer and interpret,
allowing for wide adoption in clinical practice. To address this issue,
we developed and validated the Neuro-Score, a user-friendly
and specific patient-reported outcome measure to detect and
monitor cognitive impairment, including mild stages, in kidney and
liver transplant recipients receiving immunosuppression.
2. Materials and methods

2.1. Study design

The development and validation of the Neuro-Score scale
comprised 2 phases: a cross-sectional qualitative study and a
prospective observational study (Fig. 1). The cross-sectional
qualitative study aimed to define a preliminary set of items rep-
resenting cognitive functions to ensure content validity. For this
purpose, kidney and liver transplant recipients, as well as a family
member, from 2 centers in Spain were interviewed.

To develop and validate the Neuro-Score scale, a multicenter,
prospective observational study was conducted at 18 sites in
Spain after approval by the Independent Ethics Committee of
1061
Hospital Universitari Vall d’Hebr�on (Barcelona, Spain). The study
was scheduled across 3 visits: visit 1 (baseline), visit 2A (18 � 6
months after visit 1), and visit 2B (1-2 weeks after visit 2A). All
eligible participants attended visit 1; data from two-thirds served
to develop the scale (factor analysis) and from the other third to
validate the scale (internal consistency and construct validity).
Participants were assigned to the scale creation or validation
groups using random lists, with information stratified for each
center. Stratification by center was only implemented in the
randomization of patients into the creation and validation groups
to ensure that no single center disproportionately contributed to
each phase of the study. As these 2 phases of the study were
analyzed separately, accounting for stratification was not
needed. At each center, a randomly selected subset of 20% of
the patients attended visits 2A and 2B to assess the scale’s
responsiveness to change and temporal stability (Fig. 1).

At visit 1, patients completed the set of items obtained from
the qualitative study and the mini-mental state examination
(MMSE; gold standard) in a paper-based format. At visit 2A,
patients completed the Neuro-Score scale in electronic format to
assess the scale responsiveness to change. At visit 2B, the
Neuro-Score scale was completed in electronic format to deter-
mine temporal stability (test-retest reliability). The preliminary
Figure 1. Flowchart showing the study design. The
development and validation of the Neuro-Score scale
comprised 2 phases: a cross-sectional qualitative
study and a prospective observational study. The
qualitative study involved 10 participants (5 liver re-
cipients and 5 kidney recipients) and 10 family mem-
bers. From this qualitative study, the initial pool of
items was obtained. Subsequently, 499 patients were
involved in the prospective study. Data from two-thirds
of them served to develop the scale (factor analysis)
and from the other third to validate the scale (internal
consistency and construct validity).



Table 1
Semistructured interview guide.

Area Description

Cognitive functioning and

perceived impact

Participants were asked to describe the

cognitive function they perceived as

most affected and its impact on

activities of daily living based on their

experience

Cognitive functioning and

perceived impact

Participants were asked to describe

other affected cognitive functions and

their impact on activities of daily living

based on their experiencea

Maintained or improved

performance on cognitive

domains

Participants were invited to identify

cognitive domains they perceived as

maintained or improved after the

transplant

Cognitive complaints Cognitive complaints were assessed

based on the Cognitive Complaint

Interview (Thomas-Anterion et al,17

2006)

Emotional impact of the

transplant

Participants were asked to report

changes in mood related to the

transplant

Additional comments Participants were encouraged to share

any additional insights or comments not

covered by the previous areas

a This question was asked repeatedly until no additional cognitive difficulties

were reported.
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pool of items and the MMSE were administered by professionals
from each center who were trained for this purpose.

2.2. Participants

2.2.1. Qualitative study
The inclusion criterion for the qualitative study was kidney or

liver transplantation within the previous 12 months. Exclusion
criteria comprised having any condition that could challenge
study assessments, such as psychiatric disorders or language
comprehension limitations. Investigators aimed to include par-
ticipants with diverse levels of formal education and cognitive
impairment to ensure a representative and varied sample. Family
members of eligible patients were also included.

2.2.2. Prospective study
For the prospective observational study, eligible participants

were 60 years or older; who underwent kidney or liver trans-
plantation at least 12 months before the inclusion in the study; with
a stable kidney or liver function during the last 3 months; able to
read andwrite; proficient in Spanish (according to the investigator);
able to make a videoconference and answer an online question-
naire; and who provided written informed consent. Patients
excluded comprised those diagnosed with a neurologic or psy-
chiatric disease (except alcoholism, anxiety, or depression) or
another systemicdiseaseother than the reason for the study,which
causes cognitive impairment; who were recipients of a double
organ transplantation; had an active posttransplant neoplasm; had
a recent (�3 months) posttransplant cardiovascular event; had an
MMSE score of <10; diagnosed with sensory, visual, hearing, or
locomotor deficits that, according to the investigator, may interfere
with study procedures or any serious systemic disease, and who
were not able to complete the procedures of the study.

2.3. Initial pool of items

A semistructured interview guide was developed based on
study objectives and previous literature (Table 1).17 Semi-
structured interviewswere administered by 2 psychologists (C.S.,
V.A.) and 1 neuropsychologist (E.L.) with experience in qualitative
research. Each interview was conducted via videoconference
and lasted around 60 minutes. In the first part of the interview,
only the patient was present. The second part was conducted
with the patient’s family member. All interviews were
audio-recorded and fully transcribed to identify a preliminary set
of items that were representative of cognitive impairment per-
ceptions. Additionally, an expert committee of 4 investigators (2
on kidney transplant and 2 on liver transplant) selected a group of
relevant items based on published scales used in other clinical
populations. Data were examined using interpretative phenom-
enological analysis.18 The first part of the analysis used the pa-
tient’s own words to identify themes. Subsequently, themes were
connected deductively to develop categories of cognitive com-
plaints, described with textual examples. Repeated reading,
grouping, and summarizing of themes integrated participants’
shared experiences, with data collection ceasing once no new
information emerged, indicating data saturation. The initial pool of
1062
items was derived from the semistructured interviews with pa-
tients and family members and a literature review. Subsequently,
the items were reviewed by experts in cognitive impairment and
kidney and liver transplantation.

2.4. Neuro-Score development

Item performance of the initial pool of items was evaluated
through item-item correlations and by calculating its mean, me-
dian, and response distribution. An exploratory factor analysis
was used to reduce them while retaining the most relevant in-
formation. To assess conceptual and measurement model, factor
analysis with Varimax rotation was performed. Eigenvalues were
used to determine the number of underlying dimensions, and
factor loadings of at least 0.6 were set to identify items to be
retained. A significant Bartlett test of sphericity and a Kaiser-
Meyer-Olkin (KMO) of >0.7 were set to confirm that the data
matrix was suitable for factor analysis.

Data were factorized to include a minimum number of factors
with a satisfactory model fit. Confirmatory factor analysis was
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used to assess the adequacy of the factor solution. The following
cutoffs for model fit statistics were considered satisfactory: a
comparative fit index and a Tucker and Lewis index of>0.90, a χ2

of<0.3, and a root mean square error of approximation of<0.08.

2.5. Neuro-Score validation

The Neuro-Score scale was validated by assessing the
following psychometric properties: reliability based on internal
consistency and temporal stability, construct validity, and
responsiveness to change. Internal consistency reliability mea-
sures the extent of correlation among items within a scale by
assessing item-total correlations, and it was evaluated by Cron-
bach α coefficient.19

Construct validity measures the extent to which a scale
adequately reflects the theoretical construct it is intended to
measure.20 To measure construct validity, Pearson correlation
analyses were carried out between Neuro-Score and MMSE total
scores. The MMSE was chosen as it is considered the gold
standard for measuring cognitive impairment, being extensively
used both in clinical practice and in research studies. This
paper-based scale consists of 30 items, with a total score of up to
30 points and higher scores indicating better cognitive status.21

Responsiveness to change measures the ability of the scale
to detect a change in cognitive impairment over time where a
known change has occurred.22 The mean total score of the
Neuro-Score was calculated at visit 1 (baseline) and visit 2A (18
� 6 months later), and Pearson correlation coefficients were
determined. Differences between the 2 visits were analyzed
using the Student test for paired data. The following anchor
question was used as an external criterion of responsiveness:
“Compared to visit 1, how do you currently feel? Much better,
better, the same, worse, much worse”. The analysis of variance
procedure was used to determine whether changes in the
Neuro-Score from visit 1 to visit 2A derived from differences in the
cognitive status of patients measured with the anchor question.

Reproducibility measures the extent to which participant re-
sponses remain stable over time.20 The agreement between test
(visit 2A) and retest (visit 2B) scores was tested in a subsample of
patients who completed the scale 1 to 2 weeks apart. Only
subjects who reported no changes in cognitive status in the an-
chor question were included in the analysis of reproducibility
(test-retest reliability), which was assessed by estimating the
intraclass correlation coefficient.

Criterion validity of the Neuro-Score was assessed by receiver
operating characteristic curves, with the aim to identify an optimal
cutoff point for discriminating between patients with or without
cognitive impairment. For this purpose, a cutoff of 24 points on the
MMSE was used as the gold standard. This cutoff score has been
largelyused to identifypatientswith suspectedcognitive impairment
or dementia and has been validated in the Spanish population.23,24

2.6. Statistical analyses

The sample size was calculated to select a subsample of
patients representing 66.6% of the population for the develop-
ment and 33.3% for the validation phases. For the development
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phase, 150 patients per group (kidney and liver transplant) were
needed, resulting in 300 patients. For the assessment of repro-
ducibility (test-retest reliability), data from 100 randomized pa-
tients included at baseline were needed. A larger sample size to
compensate for follow-up losses was unnecessary because pa-
tient recruitment for developing and validating the scale was
competitive.

Continuous variables were described by mean and SD, me-
dian and IQR, and categorical variables by numbers and per-
centages. The level of statistical significance was set at P < .05
for all analyses. Statistical analyses were performed using the
SAS software (SAS Institute) for Windows, version 9.4.

3. Results

3.1. Participants

The qualitative study included 10 patients (6 men and 4
women, mean age ¼70.9 [SD ¼5.4] years) and 10 family mem-
bers. Five of them underwent a liver transplant and 5 a kidney
transplant. Patients had varied levels of formal education and
cognitive impairment. Educational levels ranged from basic lit-
eracy skills (ability to read and write) to high school education.
Cognitive impairments observed among participants encom-
passed various domains, including language and memory.

The prospective study consisted of 499 patients from 18
Spanish centers. Of them, 354 (71.1%) were men. The mean age
in the overall population was 67.4 (SD ¼5.4) years. The most
frequent comorbidities were hypertension (329 patients, 66.2%),
hypercholesterolemia (197 patients, 39.6%), and diabetes mel-
litus (189 patients, 38.0%). The mean MMSE score in the overall
population at baseline was 28.4 (SD ¼1.8). Of the patients
included, 254 (51.1%) underwent a liver transplant and 243
(48.9%) a kidney transplant. Seven (1.4%) patients had a
rejection episode within the previous 12 months (Table 2).

3.2. Neuro-Score development

The qualitative study identified an initial pool of 62 items.
Questions could be rated on a 5-point Likert scale with the
following response options: never, rarely, occasionally, frequently,
and almost always. A total of 499 patients completed this set of
questions in a paper-based format.

Exploratory factor analysis (n ¼ 347) showed 13 factors with
an eigenvalue of >1 (Fig. 2). Two items were removed because
they were redundant questions. The 11 factors represented
65.8% of the variance. The KMO of 0.947 and the Bartlett test of
sphericity of <0.0001 indicated sampling adequacy for factor
analysis.

To determine factor structure, data were factorized as follows:
a solution without fixed factors, and solutions with 1 or 2 factors
retained. All models showed satisfactory explanatory power in
the confirmatory factor analysis, but a single-factor solution was
selected because of its greater construction simplicity. The final
model was a scale with 11 items grouped into 1 dimension with a
KMO of 0.869 and a Barlett test of sphericity of<0.0001. This 11-
item model explained 27.9% of the variance, with items loadings



Table 2
Demographic and clinical characteristics of study participants.

Total

N ¼ 499

Development cohort

(n ¼ 347)

Validation cohort

(n ¼ 152)

Age (y), mean (SD) 67.4 (5.4) 67.3 (5.4) 67.7 (5.2)

Median (IQR) 66.8 (63.7-70.4) 66.5 (63.7; 70.4) 67.7 (63.2; 70.7)

Sex (men), n (%) (n ¼ 498) 354 (71.1) 247 (71.4) 107 (70.4)

Ethnic group (White), n (%) (n ¼ 497) 492 (99.0) 341 (98.8) 151 (99.3)

Type of transplant, n (%)

Liver 254 (50.9) 176 (50.7) 78 (51.3)

Kidney 245 (49.1) 171 (49.3) 74 (48.7)

MMSE score, mean (SD) 28.4 (1.8) 28.36 (1.75) 28.42 (1.85)

Comorbidities, n (%) (n ¼ 497) 417 (83.9) 288 (83.2) 129 (85.4)

Hypertension 329 (66.2) 227 (65.4) 102 (67.1)

Hypercholesterolemia 197 (39.6) 133 (38.3) 64 (42.1)

Diabetes mellitus 189 (38.0) 127 (36.6) 62 (40.8)

Hypertriglyceridemia 74 (14.9) 53 (15.3) 21 (13.8)

Other 221 (44.5) 163 (47.0) 58 (38.2)

Glomerular filtration rate (CKD-EPI, mL/min/1.73 m2), mean (SD) 59.4 (20.7) 58.43 (20.9) 61.46 (20.1)

Immunosuppression trough levels, mean (SD)

Tacrolimus (ng/mL) (n ¼ 416) 5.8 (2.6) 5.91 (2.7) 5.46 (2.2)

Liver (n ¼ 201) 5.0 (2.8) 5.2 (3.0) 4.7 (2.2)

Kidney (n ¼ 215) 6.5 (2.1) 6.6 (2.2) 6.2 (1.8)

Mycophenolate (μg/mL) (n ¼ 47) 2.9 (2.1) 2.8 (2.1) 3.52 (2.1)

Liver (n ¼ 18) 4.2 (2.2) 3.8 (2.3) 5.1 (2.0)

Kidney (n ¼ 29) 2.2 (1.7) 2.2 (1.8) 2.2 (1.0)

Everolimus (ng/mL) (n ¼ 52) 4.6 (1.7) 4.8 (1.7) 4.3 (1.6)

Liver (n ¼ 16) 3.58 (1.9) 3.8 (2.1) 2.9 (1.0)

Kidney (n ¼ 36) 5.1 (1.4) 5.4 (1.2) 4.6 (1.6)

Sirolimus (ng/mL) (n ¼ 23) 6.3 (2.1) 6.1 (2.0) 6.5 (2.2)

Liver (n ¼ 4) 5. 5 (1.4) 5.5 (1.7) 5.3 (0)

Kidney (n ¼ 19) 6.5 (2.2) 6.3 (2.2) 6.7 (2.3)

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation; MMSE, mini-mental state examination.
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ranging from 0.41 to 0.63 (Table 3). Confirmatory factor analysis
showed a satisfactory fit of the final model, as evidenced by a
comparative fit index of 0.88, a Tucker and Lewis index of 0.92, a
χ2 of 2.88 (P < .0001), and an root mean square error of
approximation of 0.06.

The final Neuro-Score scale is presented in Table 4. The total
score, ranging from 0 to 44, is derived from the direct sum of
scores from the 11 questions, with higher scores indicating worse
cognitive status. In our population, the mean total score at
baseline (n ¼ 491) was 10.8 (SD ¼6.5) and ranged from 0 to 32
points. The total score distribution was homogeneous across all
score ranges, without concentrating on any specific point (Fig. 3).
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The mean completion time of the scale was 3.7 minutes at visit
2A (n ¼ 108) and 2.5 minutes at visit 2B (n ¼ 109).

3.3. Neuro-Score validation

The Neuro-Score internal consistency (n ¼ 152) was satis-
factory, with a Cronbach α of 0.82 for the 11-item scale and item-
total correlations ranging from 0.38 to 0.67 (Table 5). Construct
validity of the Neuro-Score was confirmed in a subsample of 152
patients by the correlation with the MMSE (r¼�0.12; P¼.0095).
The Neuro-Score responsiveness to change was demonstrated
(n¼ 106), with a significant increase from 11.3 at visit 1 to 13.3 at



Figure 2. Scree plot of eigenvalues of components from factor analysis.

Table 3
Factor loadings of items in the confirmatory factor analysis.

Item performance Factor 1

Item 1 0.41

Item 2 0.43

Item 3 0.43

Item 4 0.48

Item 5 0.56

Item 6 0.63

Item 7 0.56

Item 8 0.50

Item 9 0.61

Item 10 0.55

Item 11 0.58
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visit 2A (P ¼ .022). The correlation between changes in the
Neuro-Score and changes in the anchor question was statisti-
cally significant (P ¼ .0430). Conversely, no significant differ-
ences in the total score were observed between visits 2A and 2B
(n ¼ 105; P ¼ 0.6454), with a high correlation between both
assessments (r ¼ �0.87; P < .0001). The mean total score was
13.3 at the test and 13.0 at the retest, indicating satisfactory
temporal stability. The intraclass correlation coefficient was 0.83.

Figure 4 shows the receiver operating characteristic curve and
the area under the curve value for the Neuro-Score. A cutoff of 24
points on the MMSE was used as the gold standard. The optimal
Neuro-Score cutoff point to identify subjects with cognitive impair-
ment was 17 (sensitivity ¼85.8%, specificity ¼71.4%). The Neuro-
Score potential to discriminate between patients with or without
cognitive impairmentwasgood,withanareaunder thecurveof0.73.
1065
4. Discussion

We developed and validated the Neuro-Score, an 11-item
self-administered scale to detect cognitive impairment specif-
ically designed for kidney and liver transplant recipients who
receive immunosuppression. The Neuro-Score scale demon-
strated good internal consistency, temporal stability, construct
validity, and responsiveness to change.

Despite the high prevalence of cognitive impairment among
organ transplant recipients, there is no specific screening tool
tailored to detect cognitive impairment in this population. While
current recommendations emphasize the importance of incor-
porating patient perspectives into health care outcomes in
transplantation,25–28, cognitive deficits are frequently overlooked
in clinical practice.16 Thus, developing a specific and practical
instrument to identify and monitor cognitive impairment in organ
transplant patients is essential.

Several neuropsychological tests are available to screen for
cognitive impairment, but most of them were developed to assess
cognitive decline associated with aging and Alzheimer disease.12

Additionally, some testsmaynot beoptimal for measuring cognition
in kidney disease, where vascular factors are believed to play a
significant role.12 Among these scales, the MMSE is one of the
most widely used worldwide. This paper-based instrument com-
prises 30 questions, takes 5 to 10minutes to complete, and should
be administered by trained health care providers.21 A systematic
review found little evidence supporting the MMSE as a reliable
standalone test for identifying patients with mild cognitive impair-
ment who could progress to dementia.29 The Montreal Cognitive
Assessment (MoCA) is another frequently used screening test
gaining popularity for assessing global cognition in kidney dis-
ease.30 TheMoCA requires amean completion time of 10minutes,
mandatory training, and certification for its administration. There-
fore, there exists an unmet need for a brief cognitive function test
specifically validated in kidney and liver transplant populations.



Table 4
The Neuro-Score scale.

Item—Spanish (validated)

Con qu�e frecuencia… (Nunca, Rara vez, Ocasionalmente,

Frecuentemente, Casi siempre)

1. le cuesta recordar nombres de personas?

2. se traba al decir algunas palabras?

3. le cuesta recordar cosas que sucedieron hace tiempo?

4. le cuesta hacer sumas y restas sin calculadora?

5. si le interrumpen, tiene dificultades para acordarse de lo que estaba

haciendo o diciendo?

6. le cuesta reaccionar ante situaciones imprevistas?

7. se pone nervioso cuando se sale de la rutina de su vida cotidiana?

8. el dolor repercute en su capacidad de atenci�on?

9. siente que tiene cambios de humor?

10. se siente ap�atico?

11 le cuesta orientarse en lugares nuevos?

Item—English (not validated)

How often….. (Never, Rarely, Occasionally, Frequently, Almost always)

1. do you have difficulty remembering people’s names?

2. do you stumble over some words when speaking?

3. do you have difficulty remembering things that happened a long time

ago?

4. do you struggle to do addition and subtraction without using a

calculator?

5. do you have difficulty remembering what you were doing or saying if

interrupted?

6. do you have difficulty reacting to unexpected situations?

7. do you get nervous when your daily routine is disrupted?

8. does pain affect your ability to concentrate?

9. do you feel that you have mood swings?

10. do you feel apathetic?

11. do you have difficulty orienting yourself in new places?
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To address this need, we developed and validated the Neuro-
Score, a specific instrument to detect cognitive impairment in
organ transplant recipients. Its development involved data from a
large cohort of 499 liver or kidney transplant recipients receiving
immunosuppression across 18 sites in Spain. We focused on
stable liver and kidney transplant recipients on immunosup-
pressive therapy to better assess changes in cognitive function
over time and examine associations with specific factors, mini-
mizing the variability seen in the pre-transplan period. Our pop-
ulation also comprised language-proficient Spanish speakers to
facilitate the self-administration of the scale. We included
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patients aged 60 years or older, excluding those with an MMSE
score of <10. This approach allowed us to focus on individuals
more likely to have mild to moderate cognitive impairment, a
population often overlooked by current screening tests. Early
detection of mild to moderate cognitive impairment may allow the
implementation of preventive actions for preserving cognitive
function, reducing its impact on quality of life.

The final scale, Neuro-Score, is a self-administered instrument
comprising 11 items grouped into a single dimension, enabling its
completion in approximately 3 minutes. The Neuro-Score requires
no complex instructions, with the same response options provided
for all questions. Although the scale relies on patient self-
assessments without objectively evaluating cognitive domains, it
is intended as a screening andmonitoring tool to identify individuals
who may need further evaluation with a complete neuropsycho-
logical battery. Of paramount importance is its rapid completion
time, which can reduce patient burden, optimize health care
resource allocation, and facilitate early detection of cognitive
impairment. Notably, completion times for kidney transplantation-
specific quality-of-life patient-reported outcome measures typically
range from 10 to 15 minutes.25 The Neuro-Score supports unas-
sisted self-reporting and online completion, which can substantially
reduce the need for administrative support during completion.26

An important finding is that the user-friendly design of the
Neuro-Score does not compromise its psychometric properties.
The homogeneous distribution of the Neuro-Score across all
score ranges in a population with no severe cognitive impairment
suggests that the scale can detect slight differences in cognitive
impairment and monitor individuals without cognitive impairment.
This property is particularly valuable for identifying different de-
grees of cognitive decline, including mild stages, contrasting with
the MMSE, which is more suited for advanced stages with a
significant functional impairment.31 This homogeneous distribu-
tion also highlights that, despite the statistically significant corre-
lation between MMSE and Neuro-Score total scores indicating
that both scales measure the same construct, the weak correla-
tion between both instruments could suggest that each scale
addresses specific stages of the cognitive impairment spectrum.
In this context, future studies are needed to assess the correlation
between the Neuro-Score and other neuropsychological mea-
sures able to detect mild cognitive impairment, such as the MoCA.

The Neuro-Score responsiveness to change is also key, as
this psychometric property enables the evaluative use of in-
struments to monitor changes over time or assess interventions’
effectiveness.28 Taken together, its psychometric properties
suggest the suitability of the Neuro-Score for identifying patients
with cognitive impairment and monitoring their progression.
However, external validation with other populations is required
before it can be adopted into clinical practice.

It is important to emphasize that the Neuro-Score is not
intended to be a standalone diagnostic tool, but rather an adjunct
to clinical evaluations. By identifying patients who may require
further neuropsychological assessment, the Neuro-Score can
assist clinicians in making timely referrals for additional testing or
interventions. This is particularly important in the context of
transplantation, where a significant proportion of recipients are



Figure 3. Neuro-Score distribution.

Table 5
Item performance of the Neuro-Score scale.

Item performance Corrected item-

total correlation

Cronbach α if

item deleted

Item 1 0.45 0.81

Item 2 0.53 0.80

Item 3 0.45 0.81

Item 4 0.38 0.82

Item 5 0.48 0.81

Item 6 0.44 0.81

Item 7 0.67 0.79

Item 8 0.56 0.80

Item 9 0.45 0.81

Item 10 0.48 0.81

Item 11 0.48 0.81

Neuro-Score (total) 0.82

Figure 4. ROC curve and corresponding area under the ROC curve of
the Neuro-Score. A cutoff point of 24 on the mini-mental state exami-
nation as the gold standard was used to identify patients with cognitive
impairment. AUC, Area under the ROC curve; ROC, receiver operating
characteristic.
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aged 60 years or older, and cognitive impairment is prevalent.3

Given the high demand on health care services, it is not feasible
for specialists to refer all patients with suspected cognitive decline
to a neurology unit. With external validation, the Neuro-Score can
address this gap by providing an instrument to detect cognitive
impairment at early stages. Moreover, the simplicity of the tool
could lead to a more efficient use of health care resources.

The next steps for this tool include external validation with
other populations, validation in English-speaking populations,
comparisons of cognitive status across diverse patient and de-
mographic groups—with a particular focus on comparing kidney
and liver transplant recipients—and determining whether specific
1067
treatment changes or other factors are associated with cognitive
impairment in these populations.

This study presents some limitations that are worth consid-
ering. First, the development and validation of the Neuro-Score
was based on a population of liver and kidney transplant re-
cipients, limiting its generalizability to recipients of other organs
until further validation is conducted. Second, the Neuro-Score is
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based on patient’s self-assessments without incorporating input
from caregivers. This is because incorporating caregiver as-
sessments would have restricted the applicability of the scale to
patients who have family members available and willing to pro-
vide such input during clinical visits. Third, the exclusion of pa-
tients with severe cognitive impairment following the selection
criteria limits the use of the Neuro-Score to detect severe
cognitive impairment and could also explain its weak correlation
with MMSE scores. Fourth, the comparison of the Neuro-Score
with the MMSE is limited by its cross-sectional nature. Further
studies are needed comparing the longitudinal evolution of the
Neuro-Score with changes in the MMSE. Finally, the scale was
developed in Spanish, requiring crosscultural adaptation and
validation for use in other languages and populations.

Despite these limitations, we developed and validated a brief,
reliable, and consistent scale, including data from one of the
largest series assessing cognitive impairment in organ trans-
plant patients. Another strength of the study is that the initial
item selection was based on semistructured interviews com-
bined with the experience of an expert committee and did not
rely only on previous literature, enhancing the ecological validity
of the scale.

5. Conclusion

The Neuro-Score scale is a brief, reliable, and consistent 11-
item self-administered scale to detect and monitor cognitive
impairment, specifically designed for kidney and liver transplant
recipients. Its psychometric properties and short completion time
are expected to facilitate the implementation of the Neuro-Score
scale in clinical practice as a screening tool to detect and monitor
cognitive impairment in kidney and liver transplant recipients.
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