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Abstract: Background: Despite having the same histopathological characteristics, early-onset and
late-onset Alzheimer’s disease (AD) patients show some distinct clinical and neuropsychological
profiles. Early Onset Mild Cognitive Impairment (EOMCI) is a less characterized group. The aim of
this study is to characterize MCI probably due to AD in terms of the clinical, genetic, Cerebrospinal
fluid (CSF) biomarkers profile and conversion rate of EOMCI, compared to the late-onset form
(LOMCI). Methods: 159 MCI patients were divided in two groups: 52 EOMCI (onset < 65 years) and
107 LOMCI (onset ě 65 years). We investigated differences in neuropsychological scores, clinical
variables, ApoE genotype, CSF biomarkers (Aβ42, t-Tau and p-Tau) in both groups. Conversion
was ascertained during follow-up. Results: EOMCI showed a longer duration of symptoms
prior to the first evaluation (EOMCI = 4.57 vs. LOMCI = 3.31, p = 0.008) and scored higher
on the subjective memory complaints scale (9.91 vs. 7.85, p = 0.008), but performed better in
brief cognitive tests (27.81 vs. 26.51, p < 0.001 in Mini-Mental State Examination; 19.84 vs. 18.67,
p = 0.005 in Montreal Cognitive Assessment) than LOMCI. ApoE genotype distribution and CSF
biomarker profile were similar in both groups, as was the conversion risk. Lower Aβ42 (Hazard
ratio (HR): 0.998, 95% Confidence Interval (CI) = [0.996–1.000], p = 0.042), higher t-Tau levels
(HR: 1.003, 95%CI = [1.000–1.005], p = 0.039) and higher scores in the Alzheimer Disease Assessment
Scale-Cognitive (HR: 1.186, 95%CI = [1.083–1.299], p = 0.002) increased the risk of conversion.
Discussion: Despite differences in memory performance and memory complaints, EOMCI and
LOMCI seem to represent indistinct biological groups that do not have a higher risk of conversion to
AD or differ in risk factors for conversion.

Keywords: mild cognitive impairment; Alzheimer; dementia; conversion; early-onset; late-onset;
biomarkers; MCI

1. Introduction

Alzheimer’s disease (AD) is the most common cause of neurodegenerative dementia [1]. Despite
its higher prevalence in the older population, it is still the most frequent form of dementia under the
age of 65 [2].
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Actually, “65 years old” is an arbitrary cut-off, with no true biological meaning [1–3], but it is
still fully considered in the most recent diagnostic criteria for AD and in selection for clinical trials.
According to this conventional limit, 1%–6% of all AD patients have an early-onset disease [4]. Despite
having the same histopathological characteristics, early-onset AD and late-onset AD seem to show
some distinct clinical and neuropsychological profiles [5]. Research has shown a higher prevalence of
non-memory symptoms (e.g., language impairment) as the initial presentation in the early-onset AD
subgroup [6], as well as a faster progression of cognitive and functional decline in this early-form [7,8].

The pathophysiological process of AD is thought to begin many years before its clinical
diagnosis [3]. The term Mild Cognitive Impairment (MCI) is used to describe subjects with
demonstrable cognitive impairment who have not crossed the functional threshold for dementia.
These patients have an increased risk of developing dementia, especially AD [9–11] and this is
regarded as a prodromal stage of AD [12]. Studies conducted in reference memory clinics have shown
that patients with MCI progress to AD at a rate of 10% to 15% per year [11–13] and 80% of these
patients will have converted to AD after approximately six years of follow-up [11]. MCI was mostly
described in individuals older than 65 years old, and, in fact, age has been considered a predictor of
progression to dementia [14]. Apart from age, the severity of cognitive impairment [15], the ε4 allele
of the apolipoprotein E (ApoE) gene [14], hippocampal atrophy [15] and a cerebrospinal fluid (CSF)
biomarkers’ profile compatible with AD (i.e., low CSF Aβ42 and high CSF Tau) [15], have also been
reported as predictors of progression to AD.

Early-onset MCI (EOMCI) is a less characterized group and probably more heterogeneous,
including more patients with other comorbidities, namely psychopathology [16,17]. Moreover,
the relatively lower prevalence of AD under 65 years of age and the higher prevalence of other
types of dementia [18] leads to the supposition that this heterogeneity extends to EOMCI [19]. Some
evidence suggests that the impact of the risk factors for progression to dementia varies with age [20],
namely ε4 allele of the ApoE [21,22] and depression [17].

We aimed to study MCI probably due to AD and to better characterize the clinical, genetic, and
CSF biomarkers profiles and conversion rates of EOMCI, compared to the most frequent late-onset
form (LOMCI). Such evidence may be relevant to an earlier and more accurate diagnosis of MCI
patients and to identify risk factors for conversion to AD.

2. Materials and Methods

2.1. Participants and Procedures

Patients were collected consecutively from June 2007 until March 2013, at the Dementia Clinic
of the University Hospital of Coimbra - Portugal and in a private Memory Clinic in the same city.
All patients have undergone longitudinal assessment in an annual-based comprehensive assessment
(clinical and neuropsychological).

Patients with MCI probably due to AD were initially diagnosed based on the criteria purposed
by the National Institute on Aging and Alzheimer’s Association Workgroup for the diagnosis of
MCI due to Alzheimer’s 2011 criteria [23] as follows: (1) a subjective complaint of memory decline
(reported by the subject or an informant); (2) an objective memory impairment; (3) largely normal
daily life activities; and (4) absence of dementia. In order to support a clinical and cognitive
syndrome consistent with that associated with the pre-dementia phase of AD, each patient had
a structured clinical interview, physical and neurological examination, and a comprehensive and
holistic cognitive–functional–psychological assessment battery (see Materials and neuropsychological
testing). Moreover, to determine the probable degenerative cause of MCI and rule out other systemic or
brain diseases, we carried out a battery of laboratory ancillary exams including complete blood count,
chemistry profile, thyroid function, vitamin B12 and folic acid, ApoE genotyping, structural (computed
tomography (CT) or Magnetic Resonance Imaging (MRI)) and/or functional (single-photon emission
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computed tomography or positron emission tomography) imaging and, eventually, CSF analysis by
lumbar puncture.

The available information was used by a multidisciplinary team to reach a consensus diagnosis
and 159 patients were included. MCI-patients were further attributed to one of the two different
age-of-onset groups, using the conventional division line of the 65 years old of reported onset, thus
creating the EOMCI group (52 patients) and the LOMCI group (107 patients). Age at onset was
estimated from subject and caregiver information using a standard questionnaire. Disease duration
was established in years, from the estimated age at onset until the date of the first neuropsychological
assessment [24]. Information related to family history was also taken from patients and relatives.

Follow-up time was considered until the last clinical and neuropsychological evaluation
performed (for non-converters) or until conversion (for converters). Conversion to dementia was
diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders–IV Text Revision
(DSM-IV-TR) [25] and, specifically for AD, using the most recent National Institute of Neurological
and Communicative Diseases and Stroke/Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) criteria [26]. The final diagnosis of dementia was confirmed by the coordinator of
this study, based in the annual-based comprehensive assessment.

As exclusion criteria for enrollment, we considered a significant underlying medical or
neurological illness that could account for the decline in cognition revealed by lab tests or imaging;
a relevant psychiatric disease, including major depression, suggested in the medical interview
and confirmed by specific scales; CT or MRI demonstration of significant vascular burden [27]
(large cortico-subcortical infarct; extensive subcortical white matter lesions superior to 25%; uni- or
bilateral thalamic lacune; lacune in the head of the caudate nucleus; and more than 2 lacunes).

The present research complied with the ethical guidelines for human experimentation stated in
the Declaration of Helsinki and was approved by the Ethics Board of Coimbra University Hospital.
An informed oral consent was obtained from all the participants after the aims and procedures of the
investigation were fully explained by a member of the study group.

2.2. Material and Neuropsychological Testing

At baseline, all participants underwent a comprehensive and holistic cognitive–functional
–psychological standard assessment, carried out by the same team of trained neuropsychologists,
comprising several tests and scales adapted and validated to Portuguese population: (1) Cognitive
instruments, including the Mini-Mental State Examination (MMSE) [28,29], the Montreal Cognitive
Assessment (MoCA) [30,31], the Alzheimer Disease Assessment Scale-Cognitive (ADAS-Cog) [32,33]
and a comprehensive neuropsychological battery (Battery of Lisbon for the Assessment of
Dementia [34]), used for diagnostic purposes (data not shown). (2) The Blessed Dementia Scale [35] and
the Clinical Dementia Rating (CDR) [36,37] were used for global staging. Considering this last scale,
CDR = 0 indicates no impairment and CDR = 0.5, 1, 2 and 3 indicate questionable, mild, moderate and
severe dementia, respectively. We also used the CDR-sum of boxes quantitative score, obtained by
adding the result of each box. (3) The Disability Assessment for Dementia (DAD) [38] scale and the
Activities of Daily Living (ADL) [39] was also used to assess functional performance. (4) The Geriatric
Depression Scale (GDS [40,41]) was applied to exclude major depression. (5) The Neuropsychiatric
Inventory (NPI) [42] was used to evaluate concomitant psychiatric disorders. (6) The Subjective
Memory Complaints (SMC) [43] questionnaire was applied to the patient and the caregiver—both
scores were used for comparison of complaints (regarding the patient’s deficits) and identification of
true impairment.

The available information was used to reach the diagnostic criteria for MCI due to Alzheimer’s
disease [26]: the core objective memory deficit was considered when scores on standard Wechsler
memory tests [44] (included in the Battery of Lisbon for the Assessment of Dementia) were
>1.5 standard deviations below age/education adjusted norms (with or without deficits in other
cognitive domains); information related to preservation of independence in functional abilities was
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enhanced by the results of functional scales (DAD and CDR). Conversion to Frontotemporal dementia
(FTD) was considered according to the 2011 revised criteria for the behavioral variant of frontotemporal
dementia [45].

As stated previously, we performed an annual-based comprehensive assessment with the referred
scales to detect objective evidence of progressive decline over time and for establishing a conversion to
AD according to clinical diagnostic criteria for probable AD [25–46].

2.3. Genotyping and CSF biomarkers

For ApoE genotyping, DNA was isolated from whole EDTA-blood using a commercial kit (Roche
Diagnostics GmbH, Manheim, Germany) and ApoE genotype was determined by polymerase chain
reaction-restriction fragment length polymorphisms (PCR-RFLP) assay, as previously described [47].

CSF samples were collected from a subgroup of patients as part of their routine clinical diagnosis
investigation. Pre-analytical and analytical procedures were done in accordance with the Alzheimer’s
Association guidelines for CSF biomarker determination [48]. Briefly, CSF samples were collected
in sterile polypropylene tubes, immediately centrifuged at 1800 g for 10 min at 4 ˝C, aliquoted
into polypropylene tubes and stored at ´80 ˝C until analysis. CSF Aβ42, total Tau (t-Tau) and
phosphorylated Tau (p-Tau) were measured separately by commercially available sandwich ELISA kits
(Innotest, Innogenetics, Ghent, Belgium), as previously described [49,50]. External quality control of
the assays was performed under the scope of the Alzheimer’s Association Quality Control Program for
CSF Biomarkers [48]. A CSF profile typical of AD was defined as a score below 1 calculated with the
formula Aβ42/[240 + (1.18 ˆ Tau)] [51]. This formula has been shown to distinguish patients with AD
from controls or from patients with other types of dementia and can identify patients with prodromal
AD amongst MCI cases [52,53].

2.4. Statistical Analysis

Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) version
20 for windows. Parametric analyses were performed, considering samples greater than 30 as with
normal distribution. Independent-samples t tests were performed to compare demographic data, SMC
(both patient and caregiver independent scores), CDR, DAD, ADL, GDS, NPI and CSF biomarkers.
ANCOVA was used to compare MMSE, MoCA, ADAS-cog and Blessed scores, all adjusted to education
and age. Non-parametric analysis (χ-square test) was performed for the presence of ApoE ε 4 alleles.
All the parameters that showed statistical significant differences between groups were entered in a
Cox regression model to study conversion to AD. Well-established risk factors, such as gender, years
of education, positive family history, ε4 allele and CSF biomarkers were also considered in the model.
Age at onset was not considered as it is represented by late and early onset subsets. MoCA and
MMSE scores were excluded for being co-dependent with ADAS-cog scores and education. Statistical
significance was set at p < 0.05.

3. Results

The study sample consisted of 159 patients: 52 with EOMCI and 107 with LOMCI.
The characterization of the study sample and details of both subgroups is provided in Table 1
(sample size, age-at-onset, education level, gender, family history, apoE genotype, disease duration,
time of follow-up and percentage of converters). Groups were matched for education (p = 0.237) and
gender (p = 0.715) and there were no significant differences for positive family history of dementia
(p = 0.344) that was positive in approximately half of the patients. The average time of follow-up was
23.63 months (˘25.60), with no significant differences between groups (p = 0.962). There was also no
difference between groups in the percentage of ε4 allele carriers, which reached 43% of the overall
study population (p = 0.969; data available in 148 of the 159 patients).
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Table 1. Demographic, clinical and genetic variables in the studied population.

EOMCI LOMCI Total p

n 52 107 159
Age at onset 60.0 (˘4.99) 73.2 (˘5.31) 68.5 (˘8.15) <0.001

Age at first evaluation 64.7 (˘5.57) 76.1 (˘5.39) 72.4 (˘7.65) <0.001
Education (years) 5.62 (˘3.09) 6.35 (˘4.58) 5.88 (˘4.01) 0.298
Gender (female %) 59.6 62.6 61.6 0.715

Positive family history (%) 53.3 44.8 47.5 0.344
ApoE-ε4 carriers (%) 43.5 43.1 43.2 0.969

Disease duration at first evaluation (years) 4.57 (˘2.90) 3.31 (˘2.45) 3.76 (˘2.69) 0.008
Time of follow-up (months) 38.54 (˘30.23) 37.44 (˘24.46) 40.03 (˘26.90) 0.814

Converters (%) 31.4 41.8 38.3 0.358

Results are displayed either as mean (˘standard deviation) or percentage of the referred variable in
the considered sample. EOMCI: Early-onset Mild Cognitive Impairment; LOMCI: Late-onset Mild
Cognitive Impairment.

As anticipated, there were statistically significant differences in terms of age at first evaluation
and at onset of complaints (p < 0.001), but the duration of symptoms previously to the first evaluation
was larger for EOMCI patients (EOMCI = 4.57 ˘ 2.90 years; LOMCI = 3.31 ˘ 2.45 years; p = 0.008).
Regarding clinical conversion at follow-up, 38.1% of MCI patients converted to dementia (59 out
of 155 patients with available follow-up information). Although the LOMCI group had a slightly
increased percentage of converters (41.8% vs. 31.4%), this difference did not reach statistical significance
(p = 0.358). Of the fifty-nine converters, 57 converted to AD and the other two to FTD.

The comparisons made between neuropsychological tests are presented in Table 2. Statistically
significant differences were found in MMSE (EOMCI = 27.81 ˘ 2.48; LOMCI = 26.51 ˘ 2.69, p < 0.001),
MoCA (EOMCI = 19.84 ˘ 5.04; LOMCI = 18.67 ˘ 4.57, p = 0.005) and ADAS-cog (EOMCI = 9.17 ˘ 5.16;
LOMCI = 11.12 ˘ 5.04, p < 0.001), with EOMCI subjects showing an overall better performance.
The EOMCI group also presented a significantly higher SMC (patient score) (p = 0.008). This difference
was not observed when the same questionnaire was administered to the caregivers (p = 0.773).
The groups showed similar performance in all the other applied scales with no statistical significant
difference (Table 2). Noteworthy, NPI scores in the LOMCI group were higher than in the EOMCI,
showing a tendency for statistical significance.

CSF samples were available for 76 patients (34 EOMCI and 42 LOMCI), and the results of the core
CSF biomarkers Aβ42, t-Tau and p-Tau are presented in Table 3. There were no differences between
the subgroups for the mean levels of Aβ42 (p = 0.456), t-Tau (p = 0.773) and p-Tau (p = 0.594). Fifty-one
out of the 76 MCI patients (67.1%) presented a CSF profile compatible with AD, indicative of a high
risk of conversion. Although this percentage was larger in LOMCI (73.8%) than in EOMCI patients
(58.8%), the difference was not statistically significant (p = 0.167).

Relative conversion risk to AD was determined using a Cox regression model (Figure 1).
As presented, the groups did not differ with statistical significance, but the LOMCI group showed
a lower risk of conversion (Hazard ratio (HR): 0.721, 95%Confidence Interval (CI) = [0.264, 1.970],
p = 0.524). Considering predictors of conversion to AD, lower Aβ42 (HR: 0.998, 95%CI = [0.996,1.000],
p = 0.042), higher t-Tau (HR: 1.003, 95%CI = [1.000, 1.005], p = 0.039) and higher ADAS-Cog score
(HR: 1.186, 95%CI = [1.083, 1.299], p = 0.002) increased the risk of conversion. None of the other
variables (gender, years of education, years of previous disease duration, positive family history, apoE4
or p-Tau) were significant predictors.
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Table 2. Comparison of neuropsychological tests scores between groups.

EOMCI Mean (˘SD) LOMCI Mean (˘SD) p

SMC-patient 9.91 (˘3.29) 7.85 (˘3.85) 0.008
SMC-caregiver 8.58 (˘3.62) 8.32 (˘3.69) 0.773

MMSE * 27.81 (˘2.48) 26.51(˘2.69) <0.001
MoCA * 19.84 (˘5.04) 18.67 (˘4.57) 0.003

ADAS-cog * 9.17 (˘5.16) 11.12 (˘5.04) <0.001
Blessed * 1.63 (˘1.52) 2.29 (˘2.46) 0.707
CDR-sob 1.41 (˘0.97) 1.577 (˘1.01) 0.332

CDR-memory 0.56 (˘0.17) 0.60 (˘0.20) 0.287
CDR-orientation 0.21 (˘0.29) 0.30 (˘0.34) 0.100

CDR-judgement and problem-solving 0.32 (˘0.30) 0.33 (˘0.31) 0.746
CDR-activity 0.13 (˘0.22) 0.18 (˘0.27) 0.279

CDR-home and hobbies 0.12 (˘0.24) 0.16 (˘0.26) 0.321
CDR-personal care 0.00 (˘0.00) 0.02 (˘0.14) 0.158

DAD 95.12 (˘5.26) 93.92 (˘6.18) 0.391
ADL 1.57 (˘1.55) 1.446 (˘1.79) 0.819
GDS 12.21 (˘5.75) 10.33 (˘6.84) 0.200
NPI 4.56 (˘5.72) 7.44 (˘9.06) 0.058

Mean scores ˘standard deviation) are presented for each group. * marks variables where the comparison test
was adjusted for education and age. EOMCI: Early-onset Mild Cognitive Impairment; LOMCI: Late-onset Mild
Cognitive Impairment; SMC: Subjective Memory Complaints; MMSE: Mini-Mental State Examination; MoCA:
Montreal Cognitive Assessment; ADAS-Cog: Alzheimer Disease Assessment Scale-Cognitive; CDR: Clinical
Dementia Rating; CDR-sob: CDR-sum of boxes; DAD: Disability Assessment for Dementia; ADL: Activities of
Daily Living; GDS: Geriatric Depression Scale; NPI: Neuropsychiatric Inventory. Note: In MMSE, MoCA, DAD
and ADL lower scores are indicative of worse performance. In SMC, ADAS-cog, Blessed, CDR, GDS and NPI
higher scores, are indicative of worse performance or higher impairment.

Table 3. Characterization of CSF biomarkers in the study population.

EOMCI (n = 34) LOMCI (n = 42) p

Aβ42 (pg/mL) 649.7 (˘339.1) 591.3 (˘336.7) 0.456
t-Tau (pg/mL) 437.2 (˘396.0) 459.3 (˘227.1) 0.773
p-Tau (pg/mL) 57.1 (˘38.2) 61.3 (˘29.7) 0.594

CSF-AD profile (%) 58.8 73.8 0.167

CSF-AD profile was defined as a score below 1 with the formula Aβ42/[240 + (1.18 ˆ Tau). EOMCI: Early-onset
Mild Cognitive Impairment; LOMCI: Late-onset Mild Cognitive Impairment. AD: Alzheimer’s Dementia.Geriatrics 2016, 1, 11 7 of 12 
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Figure 1. Comparison of conversion to Alzheimer disease curves (A) not adjusted; and (B) adjusted for
gender, years of education, previous disease duration, family history, ApoE-ε4 allele, Cerebrospinal
fluid biomarkers and Alzheimer Disease Assessment Scale) of Late-Onset Mild Cognitive Impairment
(LOMCI) (A) Hazard Ratio: 0.722, 95%Confidence Interval = [0.418, 1.247], p = 0.243; (B) Hazard
Ratio: 0.721, 95%Confidence Interval = [0.264, 1.970], p = 0.524) and Early-Onset Mild Cognitive
Impairment (EOMCI).
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4. Discussion

Previous studies comparing EOMCI and LOMCI are scarce [8–54] and failed to show individual
group differences more than MCI characteristics and conversion predictors as a whole. Kim and
colleagues [54] followed 28 patients for five years, with special attention to PET and neuropsychological
data. In their study, EOMCI patients had better performances only in verbal recall and word-fluency
tests, even though they showed more extensive hypometabolism on FDG-PET than LOMCI patients.
Ye and colleagues followed 425 patients with amnestic-MCI for around 1.5 years [8], investigating
neuropsychological characteristics and risk factors for conversion. They showed that EOMCI patients
with visuo-spatial memory impairment and LOMCI patients with poor verbal memory were in higher
risk for conversion.

In our study, as expected and designed, the groups were clearly age distinct, with a mean
difference around 13 years, an essential premise for the proposed analysis. They were equivalent in
all other demographic data, as there were no significant differences in terms of gender, education
and family history of dementia. However, they were different in terms of duration of symptoms
previously to the first evaluation, with the EOMCI patients having an unexpected larger delay between
onset of complaints and arrival at our outpatient clinic. This has already been reported in dementia
settings [55,56], but not in MCI cases, and may be related to referral biases, namely a lower suspicion
or higher disbelief of true cognitive decline in younger patients.

In fact, unawareness of memory impairment may interfere in the investigation and referral
process. In order to explore the awareness of the impairment, we applied and compared the SMC scale
both to the patient and to the caregiver. When caregivers answered the questions about the patients,
no differences arose, implying that both groups would be similarly impaired. However, when the same
questions were applied to the patients, the EOMCI groups had significantly higher scores, implying
that those patients might have more insight about their condition. Similar results have been described
in AD patients, in which anosognosia was associated with advanced age, lower education level and
more marked behavioral symptoms [57]. This result suggests that there could be other reasons other
than lack of awareness to the opposite higher lag between onset and evaluation, namely fear of the
diagnosis, lower decline rate or higher diagnostic disbelief.

Considering the cognitive rating scales adjusted to the level of education, results showed
significant differences (MMSE and ADAS-cog, p < 0.001; MoCA, p = 0.005) with EOMCI subjects
presenting a better general cognitive level. The same trend for better performance in EOMCI was
observed in previous studies [8–54] and also in dementia [58]. This seems to indicate that these patients
are either diagnosed in an earlier phase of the disease or, more likely (according to all results), that they
have a higher cognitive reserve which may act as a buffer for cognitive decline. This also might be the
reason why EOMCI have a larger delay from onset of the symptoms and evaluation at a reference clinic.

In our cohort, the equivalence between groups in GDS and NPI scores suggests that both
psychopathology, in terms of prevalence or severity, are not strongly distinguishing factors of these age
groups. Neuropsychiatric symptoms, namely depression, are considered a risk factor for MCI [59] and
AD [60–62], namely in older patients [17]. This trend is observable in our cohort, although without
statistical significance. In addition, depressive symptoms are associated with overdiagnosis of MCI,
which tends to occur in younger patients [63]. However, we should take into account that this may
suffer from a referral bias, as patients with higher neuropsychiatric burden may tend to be referred for
the psychiatry outpatient clinic rather than to general neurology or dementia clinic.

The use of CSF biomarkers can improve the identification of AD pathology in patients with MCI
and predict the likelihood of progression to dementia, especially within a relatively short period [64,65].
The altered pattern of CSF protein levels usually seen in patients with AD is also present in MCI
(especially in patients who will convert to AD): high levels of t-Tau and/or p-Tau and decreased Aβ42
levels [65]. In our sample, no significant differences were found between groups regarding the mean
levels of these biomarkers. Aβ42 levels were slightly higher in the EOMCI group than in the LOMCI.
Also, t-Tau and p-Tau levels seemed to be lower, which could be attributed to age [66]. Moreover,
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CSF profiles were also comparable between groups, although suggesting a higher prevalence of
AD-compatible CSF in LOMCI. This could be explained by the mixed-etiology of the impairments
that are thought to be included in the EOMCI group [18,19]. The percentage of MCI patients that
we identified as having a CSF AD profile (67%) is somewhat higher than the one reported by other
studies [65,67,68]. Moreover, this percentage is in line with the results of our Cox regression model,
that estimates a rate of conversion from MCI to dementia of 70% in 6 years, and also with previous
studies [69].

Overall, the conversion rate of our cohort (around 11.6%/year) is convergent with the
literature [11,70]. Besides, in our sample, the relative risk of conversion was similar in both groups
(Figure 1), which agrees with the only known study which addressed this particular question [8].
We also confirmed some statistically significant risk factors for conversion, such as higher ADAS-cog
score (indicating worse cognitive performance), lower Aβ42 and higher Tau levels. All of these are
known risk factors for conversion to AD [15,64,65,71].

This study has some limitations, namely in the sample size: we have two groups with different
sizes and variable time of follow-up. Secondly, this study did not consider MRI data, namely measures
of atrophy and microvascular burden, which would give further information, namely the degree
to which the probable higher microvascular burden in LOMCI contributed to the worsening of
cognitive performance in that group, as described in other studies [72,73]. This might be addressed
in forthcoming studies. There may be a referral biases, namely of those patients presenting with
psychiatric or more bizarre changes, whom may be preferentially referred for psychiatric evaluation.
We also excluded those with major depression, as this would explain cognitive impairment. However,
there is the possibility that some of these patients are suffering from a true neurodegenerative process.
As most of these patients were followed for several months and the diagnosis is revised in every
appointment, this error may be softened. Finally, histopathological confirmation was not performed,
so we cannot exclude other pathological processes interfering with the cognitive decline. On the other
hand, our study makes up for some of these limitations by comprising ApoE genotyping of almost the
entire sample and CSF biomarkers for about half of the sample, which have strong influence on the
evolution of the cognitive decline. Also, our sample was followed-up for an average of three years
and we have an extensive and comprehensive evaluation, including subjective memory complaints,
neuropsychological, neuropsychiatric and functional status formal assessments.

5. Conclusions

In the end, there was no difference in terms of conversion between groups. EOMCI and LOMCI
did not differ in terms of CSF biomarkers or psychiatric comorbidities. Despite having more memory
complaints, EOMCI patients took longer to be evaluated in a tertiary center and showed a better initial
general performance, which may be explained by the conjunction of a higher cognitive reserve and
diagnostic disbelief. Overall, higher Tau, lower Aβ42 and higher ADAS-cog were risk factors for
conversion to AD, independently of the age group.
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