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ARTICLE INFO ABSTRACT

Keywords: Background: This study intends to assess to what extent instruments commonly used in clinical practice, as well
MCI as plasma p-tau-181, can predict the progression from MCI to dementia. The usefulness of a disease progression
Alzheimer disease model (DPM) is also explored.

MMSE

Methods: A longitudinal, prospective nested case-control study was conducted with patients from the Geriatrics
outpatient clinics who met the MCI International Working Group criteria. The patients had a first clinical in-
terview and two follow-ups after 12 and 24 months. Validated Spanish instruments were used for assessment,
including the Mini-Mental State Examination (MMSE), the clock test, verbal fluency, the EURO-D depression
scale, Barthel’s Index, and Lawton’s Index. P-tau-181 analysis was performed with SIMOA (Single MOlecule
Array). A robust parametric disease progression model (RPDPM) was developed.

Results: Fifty-nine patients fulfilled the inclusion criteria. The median age was 82.7 + /—8.7 years, 93 % had
amnestic MCI and 45.8 % progressed to dementia (ICD-11 criteria) in two years. P-tau-181 was not prognostic.
An RPDPM with the MMSE, clock test, and Lawton’s Index could predict progression to dementia with an AUC of
0.945.

Conclusion: A combination of the MMSE, clock test, and Lawton’s Index in a DPM model predicted progression
from MCI to dementia best. P-tau and other blood biomarkers did not predict progression. Our results highlight
the strength of clinical variables to predict the progression of MCIL

Oldest old
Disease progression model (DPM)

Why does this paper matter? Introduction
Our model can forecast a patient’s potential progression from MCI to
dementia with three tests run in less than 45 min. Mild Cognitive Impairment (MCI) is an intermediate state between

dementia and healthy ageing, in which individuals show measurable

* Correspondence to: LAGENBIO, IIS-A, CIBERNED, Universidad de Zaragoza.

E-mail addresses: noramolinat@gmail.com, 646110@unizar.es (N. Molina-Torres), carlos.platero@upm.es (C. Platero),
oscarjaizkibel@gmail.com (O. Pérez-Berasategui), pol.andres.benito@gmail.com (P. Andrés-Benito), pmesalamp@gmail.com (M. Povedano),
mariaabadiamoraless@gmail.com (M. Abadia-Morales), accalvo@unizar.es (A.-C. Calvo), alobosat@gmail.com (A. Lobo),
cdlcamara@salud.aragon.es (C. De La Camara-Izquierdo), osta@unizar.es (R. Osta).

! https://ror.org/012a91z28

https://doi.org/10.1016/j.inpsyc.2025.100129

Received 18 May 2025; Received in revised form 30 July 2025; Accepted 31 July 2025

Available online xxxx

1041-6102/© 2025 The Authors. Published by Elsevier Inc. on behalf of International Psychogeriatric Association. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

Please cite this article as: N. Molina-Torres, C. Platero, O. Pérez-Berasategui et al., Clinical parameters predicted the progression to dementia in
oldest old patients with mild cognitive impairment (MCI), International Psychogeriatrics, https://doi.org/10.1016/j.inpsyc.2025.100129



https://doi.org/10.1016/j.inpsyc.2025.100129
http://www.sciencedirect.com/science/journal/10416102
https://www.sciencedirect.com/journal/international-psychogeriatrics
https://doi.org/10.1016/j.inpsyc.2025.100129
http://creativecommons.org/licenses/by/4.0/
mailto:noramolinat@gmail.com
mailto:646110@unizar.es
mailto:carlos.platero@upm.es
mailto:oscarjaizkibel@gmail.com
mailto:pol.andres.benito@gmail.com
mailto:pmesalamp@gmail.com
mailto:mariaabadiamoraless@gmail.com
mailto:accalvo@unizar.es
mailto:alobosat@gmail.com
mailto:cdlcamara@salud.aragon.es
mailto:osta@unizar.es

N. Molina-Torres, C. Platero, O. Pérez-Berasategui et al.

cognitive impairment yet continue to manage their instrumental ac-
tivities of daily living independently [1]. Although the term MCI has
sparked debate, it is widely accepted that, once MCI is diagnosed, the
condition must be characterised because modifiable risk factors can
delay the onset of dementia [2]. A multidimensional approach is
therefore essential: rigorous cognitive testing complemented by bio-
markers and demographic and clinical factors such as functional status
[3], depression [4] and frailty [5]. Even when the criteria for dementia
are not met, MCI still has an impact on the quality of life of patients and
caregivers [6]. MCI is heterogeneous in both clinical presentation and
aetiology and can be classified into amnestic or non-amnestic (de-
pending on whether memory is impaired) and may affect single or
multiple domains. A pattern of multiple-domain amnestic MCI implies a
higher risk of progression to dementia [7].

Alzheimer’s disease is the most common cause of dementia (about
60 % of cases in a Spanish cohort [8]). Plasma biomarkers such as p-
taul81 are emerging as potential diagnostic tools for Alzheimer’s Dis-
ease (AD) [9]. Plasma p-tau 181 can estimate if there is a high, low or
intermediate probability of AD, enabling clinicians to start treatments,
rule out the disease or arrange for further tests. It is also useful for
screening candidates for clinical trials and population studies. How-
ever, its accuracy may be limited in patients over 85 years old. This
group can be referred to as “oldest old” [10]. This ‘oldest old’ group is
heterogeneous and understanding how biomarkers and other factors
influence the progression from MCI to dementia in this group is a
challenge. Evidence is scarce, so work in the specific setting of a ger-
iatric outpatient clinic may be particularly relevant.

Routine early screening for cognitive impairment is recommended
in people over 65 years old [11]. Yet there is no consensus on the best
clinical tools in primary care settings. The Mini-Mental State Ex-
amination (MMSE) alone has limitations [12], whereas the Montreal
Cognitive Assessment (MoCA) is more accurate [13], but takes longer to
administer. A combination of the MMSE and animals test has shown to
improve diagnostic accuracy [12]. The applicability of these instru-
ments in the study of progression from MCI to dementia may be im-
portant, particularly if they are used in conjunction with biomarkers
and models of disease progression.

In fact, disease progression can be modelled quantitatively with
longitudinal data. Such models can provide long-term predictions of
pathological stages. A Disease Progression Model (DPM) is a novel
machine-learning approach that uses short-term clinical data to infer
long-term pathological trajectories and treats AD progression as a
continuous process [14].

In light of these challenges, the aim of this study is to assess whether
cognitive, functional and frailty scales used in clinical settings, or a
combination of these scales together with plasma p-taul81, can predict
progression from MCI to dementia in a cohort of MCI patients in a
geriatric outpatient clinic. It also explores to what extent a disease
progression model (DPM) can estimate the time of progression to de-
mentia in the oldest cohort (over 80 years [15]).

Methods
Study design

We conducted a longitudinal, prospective, nested case-control
study. Each patient had an initial interview (T1) and, two follow-up
interviews after 12 and 24 months (T2, T3). The patients completed
neuropsychological and functional tests at every visit, and blood sam-
ples were collected. All patients were diagnosed with MCI at baseline.
After 24 months, patients were classified into pMCI (progression MCI)
or sMCI (stable MCI), according to whether or not they had progressed
to dementia. Only two patients showed improved cognitive test results
by the end of the study, yet self-reported and informant-reported cog-
nitive complaints persisted.
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Inclusion criteria

All patients from the Geriatrics outpatient clinics of the Hospital
Nuestra Seflora de Gracia, Zaragoza, Spain were screened con-
secutively. Recruitment ran from 1 January 2020 to 1 August 2021
(longer than expected due to the COVID-19 pandemic). Some eligible
patients declined hospital visits owing to infection risk, while others
already had multiple specialist appointments and were unwilling to
attend further medical appointments.

Patients were included in our study if they matched the
International Working Group criteria for MCI [16]: the individual is
neither normal nor demented; there is evidence of cognitive dete-
rioration documented either through objectively measured decline over
time and/or subjective report of decline by the patient and/or in-
formant in conjunction with objective cognitive deficits; and activities
of daily living are preserved, with complex instrumental functions ei-
ther intact or minimally impaired.

Exclusion criteria

Patients with established dementia diagnosis, movement disorders
such as Parkinson’s disease, acute severe psychiatric disorders, de-
lirium, active cancer or in palliative care were excluded from the study.
Chronic depressive disorders were not grounds for exclusion unless
patients were experiencing a new active episode. Mild psychiatric dis-
orders were allowed.

Neurocognitive and functional testing

We applied a short, modified version of the ZARADEMP interview, a
battery of tests for the epidemiological study of patients with depres-
sion and/or dementia in the general population [17]. This battery in-
cludes the Spanish versions of Folstein’s Mini Mental State Examination
(MMSE, scores from 0 to 30) [18], the Clock Drawing Test (CDT)
(scores from 0 to 9) [19], semantic verbal fluency (number of animals
named in one minute) [20], the EURO-D depression scale (scores from 0
to 12) [21], Barthel’s Index (scores from 0 to 100) [22] and Lawton’s
Index (unified across sexes, scores from 0 to 4) [23].

Frailty [24] was measured using the FRAIL-VIG scale (score 0.1 to
0.7) [25]. This scale is a new frailty index based on the Comprehensive
Geriatric Assessment. This simple, rapid tool has discriminative and
predictive capacity and was developed based on a cohort of Spanish
elderly patients. Thresholds for each scale are provided in the
Supplementary Material.

Dementia was diagnosed according to ICD-11 criteria [26]: if pa-
tients had impairment in one or more cognitive domains (scores below
threshold in the cognitive scales) and cognitive impairment interferes
significantly in the instrumental activities of daily living (< 50 % of
Lawton’s Index items).

Human plasma samples

Plasma was prospectively collected from patients during routine
clinical evaluations. For each patient, 12 + 0.5 mL of blood was col-
lected into tubes with EDTA anticoagulant, centrifuged at 2000 rpm for
20 min at room temperature, and then at 2500 rpm for 10 min to ex-
tract plasma. The supernatant was collected and aliquoted in volumes
of 2000 pL and stored at —80 °C until use.

The study complied with the Declaration of Helsinki and received
prior informed consent and approval from the Regional Clinical
Research Ethics Committee (Comité de Etica de la Investigacién de la
Comunidad Auténoma de Aragén, CEICA, PI 19-455).
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Single molecule array (SIMOA) analysis

Plasma P-taul81 concentrations from each patient was measured
using the Quanterix SR-X platform and corresponding SIMOA Kits,
following manufacturer’s instructions. The assay was only performed in
the 47 patients who completed all three follow-up visits (T1, T2, and
T3).

Statistical analysis

R Studio (R 4.3.0), Excel 2016 (Microsoft) and Jamovi (2.2.28) were
used to analyse the data. A p value below 0.05 was considered statis-
tically significant.

Normality was tested with the Saphiro Wilk test, and variance
homogeneity with the Flinger Killeen test. Repeated-measures ANOVA
compared longitudinal outcomes between pMCI and sMCI. Linear re-
gression and binomial logistic regression served as predictive models.
To assess the discriminative capacity of p-tau-181, we calculated the
area under the curve (AUQC), sensitivity, specificity, Youden’s Index, and
optimal cut-off values within our experimental cohort, representing the
results using ROC curves. Additionally, we also used ROC curves to
evaluate the prognostic capacity of plasma p-taul81 at baseline. The
diagnostic cut-off values were compared with those previously de-
scribed in the recent literature [10].

We developed a Disease Progression Model (DPM) for our MCI co-
hort. More specifically, a Robust Parametric Disease Progression Model
(RPDPM), tailored to predicting Alzheimer’s disease progression [27].
This method performed well despite a more limited sample size com-
pared to alternative methods. DPMs convert individuals' ages into dis-
ease progression scores, while simultaneously fitting parametric curves
to each biomarkers’ longitudinal trajectory. This is an unsupervised
learning algorithm that ignores patients’ clinical diagnosis. The cohort
is divided in two groups: one to train the DPM, and another one to test
its validity.

Following this framework, our team developed a RPDPM based on
our dataset. The goal of the RPDPM was to identify which variables (or
combination of variables) were the best predictors of MCI progression
to dementia. Our algorithm selected the combination of variables ac-
cording to two indicators: first, the highest area under the curve (AUC)
for diagnostic accuracy, then the strongest Pearson correlation between
the actual conversion times of pMCI individuals and the model's esti-
mations. The final RPDPM, built using the combination of variables,
suggests a natural history from cognitive decline to dementia by tem-
porally aligning all markers and the disease progression score. This
suggested history of the disease can also estimate future values and the
time left to progression to dementia for each patient. Furthermore, the
RPDPM can classify the clinical status per subject visit (stable MCI vs
dementia) in an independent test set without human supervision.

We have uploaded the algorithm and scripts to a public GitHub
repository, accessible to all interested users. They can be found in this
link:

https://github.com/cplatero/RPDPM_MCItoDementia.

Results
Demographic and clinical characteristic of our cohort at baseline

Fifty-nine MCI patients were enrolled in the study. The median age
was 82.7 + /8.7 years and 40 (67.8 %) were women. Ninety percent of
patients showed impairment in multiple cognitive domains (more than
one of the three cognitive tests with pathological scores), and 93 % had
amnestic MCI. After the three visits, 27 progressed to dementia (45.8 %,
pMCI), and 32 remained stable (sMCI). Table 1 compares the demo-
graphics, clinical outcomes and medical history of both groups at
baseline.
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Baseline plasma p-tau-181 levels were not able to predict progression from
sMCI to dementia (pMCI)

To better characterize this cohort of patients, we evaluated the
prognostic significance of plasma p-tau-181 levels. At baseline (time-
point T1,) no significant differences were observed in plasma p-tau-181
concentrations between sMCI (23.47 =+ 2.24 pg/mL) and pMCI
(25.49 = 2.32 pg/mL) (F=1.03, P = 0.53) (Fig. 1). Moreover, base-
line plasma p-tau-181 levels failed to predict the progression from
stable MCI (sMCI) to dementia (pMCI) (binomial regression, p = 0.4).
In addition, the linear regression between baseline plasma p-tau 181
and MMSE was not significant (p = 0.38). When comparing pMCI and
SMCI at baseline (T1), the area under the curve (AUC) was 0.57 = 0.09
(95 % CI 0.39-0.74, P = 0.47), with an optimal cut-off of 21.23 pg/mL
based on the Youden index (0.24; sensitivity 65 %, specificity 59.1 %).
No significant differences in p-tau 181 levels (repeated-measures
ANOVA) levels at baseline or any of the follow-up visits were detected.
(Fig. 1).

The MMSE score is a prognostic tool for the progression of MCI to dementia

The scores for baseline MMSE (p = 0.02) and Clock Drawing Test
(p = 0.022) were higher in the sMCI group at baseline, indicating a
better cognitive state. Conversely, the score for VIG-FRAIL was lower in
the sMCI group (p = 0.029; indicating less frailty). While the MMSE,
the Clock Drawing Test, and the VIG-FRAIL showed differences be-
tween groups in the initial visit, the differences remained significant
only in the MMSE after Bonferroni’s post hoc in a repeated-measures
ANOVA test. (Fig. 2).

According to our procedure, the variables that had the best accuracy
in estimating the time of progression from MCI to dementia were a
combination of Lawton’s Index, MMSE and the Clock Drawing Test
(AUC 0.95). With this combination of variables, the model suggested a
natural history of the progression of MCI towards dementia (Fig. 3). In
Fig. 3, the trajectory of each individual patient is represented in a dif-
ferent colour: blue for subjects with stable MCI (sMCI) and red for those
with progressive MCI (pMCI). The black line represents the average
trajectory of the population. The trend becomes steep near the onset of
dementia (year “0”), as the scores of the tests begin to worsen and
decrease. When all the individual trajectories (red and blue lines)
present low dispersion around the population average (black line), it
suggests the marker reflects reliably the proposed natural history of the
disease and the progression from cognitive decline to dementia.

The blue and red lines present little dispersion in Lawton’s Index
(IL), MMSE and the Clock Drawing Test, as they trace this proposed
natural history of the clinical symptoms of cognitive decline. There is
also little dispersion with Barthel’s Index (IB) and verbal fluency (VF).
However, the p-taul81 marker shows limitations in reflecting the
progression towards dementia, as individual trajectories are notably
dispersed, nor did the EURO-D scale follow the progression towards
dementia.

As outlined in Methods, we split the dataset into a training set for
model fitting and a separate test set for validation. This division let us
gauge the DPM’s accuracy on pMCI participants who progressed to
dementia during follow-up. Fig. 4 charts the accuracy of the model with
a Pearson correlation coefficient. Each blue dot marks the actual clin-
ical conversion times from MCI to dementia, while the red line, the
regression line, compares the corresponding predictions made by the
selected DPM. In Fig. 4A, there is not much dispersion between blue
dots and the red line, which indicates high agreement between our
model and the actual time of conversion of the pMCI patients of the test
cohort (thus Pearson’s r equals 1). However, in Fig. 4B, blue dots scatter
more widely and further away from the red line, indicating less corre-
lation (Pearson’s r equals 0.8). The time to progression was calculated
as the interval between T1 and the midpoint between the last visit with
a MCI diagnosis and the first visit with a dementia diagnosis, giving
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Table 1

Demographic and clinical characteristic of our cohort at baseline. SMCI = stable MCI. pMCI = progression MCI. MMSE = Mini-Mental State
Examination. CSVD = cerebral small vessel disease. Scale and score ranges: MMSE 0 — 30; Clock Drawing Test 0 — 9; semantic verbal fluency = number
of animals named in one minute; EURO-D 0 - 12; Barthel Index 0 — 100; Lawton Index 0 — 4 (sex-unified); FRAIL-VIG 0.1 — 0.7. The term “number of
patients above/below cut-off” denotes the number of patients whose score falls in the pathological range for that scale (e.g. depression on the EURO-D
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scale, frailty on the VIG-FRAIL scale).

32 (sMCI) 27 (pMCI) P < 0.05
Female 23 (71.8 %) 17 (63 %)
Age 81.2 + /-5.7 82.5 + /- 4.5
Education 7.0 + /- 2.7 7.0 + /-3.3
Clinical outcomes
Barthel’s Index 96.1 + /- 2.8 95.0 + /- 5.5
Lawton’s Index 34+ /-07 29 + /-0.8
MMSE 252 + /-4 236 + /—4.5 0.039
Number of patients below cut-off 14 (43.8 %) 14 (51.9 %)
Verbal Fluency 11.2 + /- 3.4 10.3 + /- 3.0
Number of patients below cut-off 23 (71.9 %) 21 (77.8 %)
Clock Drawing Test 6.4 + /-29 53 + /-29 0.022
Number of patients below cut-off 11 (34.4 %) 17 (62.9 %)
EURO-D 3.0+ /-2 34+ /-19
Number of patients above cut-off 12 (37.5 %) 10 (37 %)
VIG-FRAIL 0.17 + /- 0.07 0.21 + /- 0.08 0.029
Number of patients above cut-off 16 (50 %) 21 (77.7 %)
Medical History
Hypertension 25 (78.1 %) 14 (51.9 %) 0.03
Diabetes 9 (28.1 %) 7 (25.9 %)
Dyslipemia 19 (59.4 %) 16 (59.3 %)
CSVD 20 (62.5 %) 21 (77.8 %)
Atrophy 14 (43.8 %) 14 (51.9 %)
Stroke 4 (12.5 %) 4 (14.8 %)
Heart Attack 1 (3.1 %) 3(11.1 %)
Heart Failure 3 (9.4 %) 8 (29.6 %) 0.047
30 4 32 4
28 4
=] o
8 25
& Group 1 Group
£ SMCI z SMCI
2 pMCI = pMCI
o 204
20 4
15
Baseline 12 months 24 months Baseline 12 months 24 months
Time Time

Fig. 1. Mean plasma p-tau 181 values with 95% confidence intervals at
baseline and two follow-up visits. sMCI = stable MCI. pMCI = progression MCIL.

discrete values of approximately 0.5, 1 or 1.5. years. Beyond validation,
the DPM projects the evolution of the biomarker’s trajectory up to 10
years beyond the third visit (T3).

Discussion

This article documents that 45.8% of the oldest individuals with
MCI in a cohort of geriatric outpatients progressed to dementia in two
years. MMSE, Lawton’s Index and the Clock Drawing Test, as well as the
frailty index predicted the progress to dementia. Moreover, a combi-
nation of the MMSE, Lawton’s Index and the Clock Drawing Test in a
DPM model accurately estimated the time of progression to dementia.
By contrast, plasma p-tau showed little prognostic value in this study.

These findings may be relevant for patients with this clinical phe-
notype, as the high rate of progression from MCI to dementia in our
sample is remarkable, while other studies have found significantly

Fig. 2. Mean Mini-Mental State Examination (MMSE) scores with 95 % con-
fidence intervals at baseline and two follow-up visits. sMCI = stable MCI. pMCI
= progression MCI. MMSE (scores from 0 to 30).

lower rates. Specifically, the rate of progression to dementia was much
lower in a representative population sample of individuals aged 65 or
more years in our same city in Spain (ZARADEMP) [28]. Espinosa et al.
reported a similar high rate of progression in a study (46.7 %), but this
cohort was drawn from the highly specialised Alzheimer Centre, and
the patients were substantially younger [29]. This team suggested that
the risk of dementia increases when additional domains besides
memory are impaired. This finding is echoed in the present study,
where 90 % of the participants showed impairment in multiple cogni-
tive domains, evidenced by abnormal scores in more than one cognitive
test.

Interestingly, at baseline, the scores in both the MMSE and the Clock
Drawing Test suggested that, compared with sMCI individuals, pMCI
individuals had significantly worse cognitive state; after Bonferroni’s
post hoc in a repeated-measures ANOVA test, the differences were
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Fig. 3. Trajectories of the neuropsychological measures on the original scale and temporally aligned by the disease-progression model. IB = Barthel’s Index, IL
= Lawton’s Index. MMSE = Mini-Mental State Examination. VF = Verbal fluency. Scale and score ranges: MMSE 0 — 30; Clock Drawing Test 0 — 9; semantic verbal
fluency = number of animals named in one minute; Barthel Index 0 — 100; Lawton Index O — 4 (sex-unified).
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significant only in the MMSE. The utility of the MMSE has been high-
lighted in studies in representative population samples of the oldest old,
with links to incident dementia [30] and mortality [31]. Specifically,
Zuliani et al. [32] in 2021 reported that the MMSE was independently
associated with progression to dementia in MCI patients. However,
their sample was drawn from the specific setting of a memory clinic,
from individuals 65 years old or older, with a mean age considerably
younger than the individuals in our study. Moreover, the relevance of
studying the MMSE more than once in periods of three or more years to
gain validity, as we did, has been underscored in previous reports [33].
We found that three longitudinal MMSE scores retained significant
differences across all three visits in repeated-measures ANOVA (Bon-
ferroni’s post hoc), confirming their strong prognostic value.

In terms of frailty, we found a high prevalence in our sample at
baseline —50% in sMCI individuals and 77.7 % among pMCI in-
dividuals—and the patients who would later progress to dementia had
significantly higher VIG-FRAIL scores (t-test, p = 0.029). This is con-
sistent with meta-analytic results that frail older adults were at higher
risk of incident cognitive disorders than their non-frail peers. Even
though the VIG-FRAIL scale is a useful clinical tool with documented
predictive validity [25], it did not pass the sphericity test in this study,
so repeated-measures ANOVA could not be applied. Even so, our data
suggests that frailty is a factor that may influence patients with MCI and
the progression to dementia. Moreover, the new concept of cognitive
frailty could well describe our patients, offering a useful lens for these
findings [34]. This emerging entity, defined by concurrent physical
frailty and cognitive impairment that does not meet the threshold for
dementia, has been associated with executive and attentional deficits
consistent with a subcortical-frontal profile, distinct from the cortical
patterns observed in Alzheimer’s disease or in non-frail cognitively
impaired individuals. Although diagnostic consensus is lacking, evi-
dence suggests that the co-occurrence of physical and cognitive deficits
confers a significantly elevated risk for progression to dementia. Given
that most of our patients met frailty criteria and exhibited multi-domain
cognitive dysfunction, particularly in executive function, it is plausible
they fall within this phenotype.

Regarding depression, it is remarkable that it affected 37.5% of
sMCI patients and 37 % of pMCI patients: The role of depression as a
risk factor for dementia has been described in several studies in the
literature [4]. Therefore, we might expect that depression in this study
would be a predictor of progression from MCI to dementia, but neither
the results of regression models, nor the scores of the proposed natural
history of the disease support this conjecture. While EURO-D is a robust
test for detecting depression in older adults [21], we cannot rule out the
possibility that specific symptoms of depression such as anhedonia
might predict the progression [35], rather than a general screening.

Other neuropsychiatric symptoms, including the diagnosis of Mild
Behavioral Impairment (MBI), were not analyzed here. The reported
prevalence of MBI ranges from 29 % [36] to 85.3 % among patients
with MCI [37], suggesting that different methodologies were used. MBI
has been proposed as a phenotypic marker for individuals at risk of
dementia [38] and as a risk factor for faster progression of cognitive
decline [39]. Therefore, its omission from our model constitutes a
limitation.

Sex was not a prognostic factor of progression to dementia in our
sample. This sample was heterogeneous regarding aetiology, which
may have influenced the results. While female sex is often cited as a risk
factor for Alzheimer’s disease, vascular dementia and mixed dementia
are more frequent in men [40].

From a molecular perspective, prior work studying the plasma levels
of p-tau 181 in older healthy individuals has produced inconsistent
findings [41], [42], and there even seems to be an overlap of plasma p-
tau levels between healthy individuals and Alzheimer’s patients beyond
85 years [10]. In our study, no significant differences were observed at
baseline between plasma p-tau 181 concentrations in sMCI and pMCI
individuals. Moreover, baseline plasma p-tau-181 levels did not predict
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the progression from MCI to dementia. While the results of our study
related to p-tau 181 were not positive, the fact that using a cut-off point
of 23.2 pg/mL for plasma p-tau shows promise; the proportion of pa-
tients with levels above the cut-off was substantially higher among
pMCI individuals (52 %) than in sMCI individuals (29 %). This cut-off
was the mean in patients with Alzheimer’s Disease reported in a re-
levant study [10].

Although blood biomarkers may be good hallmarks of the under-
lying pathology of dementia, they alone are unable to predict dementia
progression in MCI. In large cohorts such as MEMENTO, it is suggested
that p-taul81 alone has a moderate prognostic value in MCI patients
(AUC 0.74), and it needs to be combined with other markers to become
robust [43]. In other studies, predictive models achieve acceptable
robustness once molecular markers are integrated with clinical para-
meters [44], New studies in larger samples of the oldest old may clarify
the potential of p-tau 181 as a biomarker.

Based on the previous findings, our team proposed a disease-pro-
gression model that combined the Lawton Index, MMSE and Clock
Drawing Test. The model achieved an AUC of 0.95 and produced a
coherent timeline of decline from MCI to dementia. In this validation
cohort, the age of progression to dementia that the model predicted had
a strong linear relationship with the actual progression age of pMCI
patients (Pearson correlation coefficient of 1). When estimating the
onset of dementia in 0.5, 1 or 1.5 years after the first visit, the corre-
lation declined (Pearson correlation coefficient of 0.8).

In connection with this, the work by Gazhi et al. [27] proposed a
model of Alzheimer’s disease progression, called Robust Parametric
Disease Progression Modeling (RPDPM). This approach addresses po-
tential curve-fitting problems such as outliers or missing data by com-
bining different estimators and logistic functions across the data from
ADNIL The data included measurements from volumetric magnetic re-
sonance imaging (MRI), positron emission tomography (PET), cere-
brospinal fluid (CSF) and cognitive tests. Another study by Platero et al.
[14] built a DPM based on 633 MCI patients and 145 dementia cases
over 15 years in ADNI and showed that predictions of whether MCI will
progress into dementia and timelines can be derived from neu-
ropsychological data alone. In this study, 30 % of the MCI population
converted to dementia within four years. It is difficult to compare the
results of both studies with ours, as our cohort included older patients,
which is characteristic of a geriatric setting. Moreover, our model relies
on simpler clinical tests that are easy to administer in a primary care
setting.

One of the strengths of our study is the longitudinal design, in a
cohort in which most patients are over 80 (“oldest old”). These patients,
characteristic of geriatric settings, are under-represented in the litera-
ture. Every patient underwent a full geriatric assessment that offers a
multidimensional, holistic view of the individual in real clinical prac-
tice. All clinical tests can be completed in less than 45 min and could be
administered even in a primary care setting. Multiple disease progres-
sion models have been created for Alzheimer’s disease, but these
models typically use magnetic resonance imaging, positron emission
tomography, cerebrospinal fluid and blood biomarkers [9]. It is re-
markable, having clinical implications, that a combination of clinical
variables—the MMSE, the Clock Drawing Test and Lawton’s In-
dex—had the strongest predictive value in our study. On the other
hand, the disease progression model (DPM) implemented in this study
demonstrated the highest accuracy in estimating the time to dementia
onset and enabled a detailed characterisation of the natural history of
MCI progression and its specific chronological milestones.

Limitations, such as our small sample size, remain. A larger cohort,
and thus a larger validation group, would help build a more robust
DPM. There is also a high loss of patients to follow-up, close to 20 %.
However, this is a familiar problem in cohort studies of the oldest old,
often through death of study participants before outcomes can be
measured [45]. In particular, the COVID-19 pandemic impacted this
study since hospital outpatient clinic services were limited and
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mortality and morbidity were higher in patients over 70. Data specific
to subtypes of dementia could not be provided due to the heterogeneity
of the sample. It is worth mentioning that a DPM and its RPDPM variant
are novel statistical procedures that require further testing and vali-
dation in larger cohorts.

Conclusions

This study supports the idea that progression from MCI to dementia
is particularly high among the oldest old in a geriatric clinical setting.
The MMSE, Lawton’s Index and the Clock Drawing Test combined es-
timated the time of progression to dementia in a DPM model, whereas
plasma p-tau 181 added little predictive value in this study.
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