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Resumo 

O défice cognitivo ligeiro e a demência, especialmente a doença de Alzheimer, representam um 

espectro de disfunção cognitiva com impacto importante na população idosa, onde é altamente 

prevalente. Para entender a distribuição dos parâmetros demográficos e clínicos nesta 

população e estudar os fatores de prognóstico que possam influenciar a progressão do défice 

cognitivo ligeiro para demência, examinamos os registos referentes à consulta de demências 

num hospital terciário, durante um período de 6 anos, comparando pacientes inicialmente 

diagnosticados com demência e doentes diagnosticados com défice cognitivo ligeiro, e entre 

aqueles que progrediram para demência e aqueles que mantiveram o diagnóstico de défice 

cognitivo ligeiro. Dos 782 doentes, 59.2% eram do sexo feminino, com uma idade mediana de 

início dos sintomas de 68 anos, a maioria dos quais com um atraso superior a 1 ano para a 

primeira observação médica. 20,3% foram diagnosticados com Doença de Alzheimer (30.2% dos 

quais com início precoce) e 12.9% com défice cognitivo ligeiro, com o aparecimento dos 

sintomas a ocorrer mais cedo neste grupo. A avaliação neuropsicológica, uso de técnicas de 

imagem e avaliação de líquido cefalorraquidiano foram os métodos complementares de 

diagnóstico mais utilizados nestes pacientes. Dos pacientes com défice cognitivo ligeiro, 18.4% 

evoluíram para demência num período médio de 53 meses, constituindo uma taxa de conversão 

anual de 4,3%. O tempo de seguimento foi significativamente menor para os doentes que não 

converteram. Refira-se que quatro desses pacientes apresentavam biomarcadores sugestivos 

de patofisiologia de doença de Alzheimer no líquido cefalorraquidiano. Não foram encontradas 

diferenças de sexo, de escolaridade ou no Mini Mental State Examination entre os conversores 

e os não conversores. Da bateria de testes neuropsicológicos aplicada, a evocação diferida (aos 

30 minutos) de uma lista de 15 palavras (AVLT) demonstrou valor preditivo de progressão para 

demência, especialmente de Alzheimer, num modelo de regressão logística corrigido para o 

sexo, a idade e escolaridade.  

O nosso estudo enfatiza o défice cognitivo ligeiro como um claro precursor de demência, 

particularmente na doença de Alzheimer. A memória episódica é uma característica 

proeminente nos estágios iniciais de demência, especialmente na doença de Alzheimer. Neste 

tipo de demência, os processos de codificação e organização são os mais afetados, tendo 

correlação direta com o processo de recordação, que pode ser avaliado por testes 

Neuropsicológicos específicos anos antes de a demência ser diagnosticada 
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Abstract 

Mild cognitive impairment and dementia (MCI), particularly Alzheimer´s disease (AD), 

encompasses a spectrum of cognitive disfunction with severe impact on the older population, 

where it is highly prevalent. To understand the distribution of demographic and clinical 

parameters in this population and to study prognostic factors that can influence the progression 

of MCI to dementia, we examined the medical records from the dementia outpatient clinic of a 

tertiary hospital during a 6 year period, we compared the patients initially diagnosed with 

dementia or MCI, and patients that progressed to dementia to the patients that maintained the 

diagnosis of MCI. From 782 patients, 59.2% were female, with a median age of onset of 

symptoms of 68 years, the majority of which with a delay in the first medical observation longer 

than 1 year. 20.3% were diagnosed with AD, 30.2% of which with early-onset type, and 12.9% 

with MCI, with symptoms beginning earlier in this group. Neuropsychological evaluation, 

imaging techniques and cerebral spinal analysis fluid where mostly used on these patients. From 

the patients with MCI, 18.4% progressed to dementia in a median period of 53 months, with an 

annual conversion rate of 4.3%. The follow-up time was significantly lower for non-converters. 

It should be noted that four of these patients had cerebral spinal fluid biomarkers suggestive of 

Alzheimer´s disease pathophysiology. We found no differences in sex, education or Mini Mental 

State Examination score between converters and non-converters. From the neuropsychological 

test battery applied to these patients, Auditory Verbal Learning Test (AVLT) 30-minute delayed 

recall showed to predict the progression to all-cause dementia, especially for AD, in a logistic 

regression model corrected for sex, age and education. 

Our study empathizes that MCI is a clear precursor  of dementia, particularly in AD. Episodic 

memory is a prominent feature in the early stages of AD, in which coding and organization 

processes are the most affected and have direct correlation with the recall process, which can 

be evaluated by specific neuropsychological tests years before dementia is diagnosed 

 

Keywords: Alzheimer Disease; Dementia; Dementia progression; Mild Cognitive Impairment; 

Neuropsychological tests.  
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1. Background 

Dementia is defined as a progressive deterioration in diverse cognitive domains that interferes 

with the functional and social autonomy of an individual. It affects the patient and also 

represents a significant burden and distress for the carer1. Timely management improves the 

outcome of these patients, but a significant proportion of them has cognitive symptoms for 

years when initially assessed by a specialist, delaying diagnosis2. There is an increasingly high 

global impact associated with dementia, especially Alzheimer´s disease (AD), the 5th cause of 

death worldwide, according to WHO3. In the late onset form (≥ 65 years), AD is responsible for 

approximately 54% of cases, followed by Vascular Dementia (VaD) with 16% and the other 

causes comprising 30% of the population with dementia4. Considering early onset (< 65 years), 

there is a slightly different distribution, with less weight given to AD (34%) and other causes 

gaining substantial proportion, like 12% Frontotemporal dementia (FTD), 10% Alcohol-related 

dementia and 7% Lewy bodies dementia. 

The context of multimorbidity and polypharmacy of the older primary care patients is 

additionally detrimental5. According to the OECD report6, in 2015 one in every 50 Europeans 

lived with dementia ( total of 9,6 million people), with Portugal occupying the 9th position (Figure 

1). In Portugal, approximately 5,91% of people with 60 years or older have dementia7, 

contributing with more than 11,9% of the years lived with incapacity, higher than any form of 

cancer (2,4%)8. In 2017, Gonçalves-Pereira M. et al. estimated the prevalence of dementia in 

people with 65 and older living a resident area in the South of Portugal to be 9,23%9. 

The way by which different neuronal populations are affected by the deposition of abnormal 

proteins in specific areas of the brain reflects the clinical characterization of each type of 

dementia 10,11. For AD, the progressive intellectual decline is caused by the deposition of senile 

plaques (amyloid-ß peptide aggregates) and neurofibrillary tangles (NFT’s) in the brain, 

accompanied by cerebral atrophy, involving the hippocampal, temporal, parietal and frontal 

areas predominantly 12,13. However the deposition of amyloid-ß per se does not appear to 

predict progression to prodromal AD in the short-term (30 months)14, suggesting the need for a 

long-lasting phase for clinically evident disease. This silent disorder begins at midlife (40-65 

years) and the symptoms appear typically 10-15 years later, constituting a window of 

opportunity to intervene by addressing the risk factors 15. Among the most validated, we know 

that Cardiovascular Disease (CVD) is associated with a higher risk for progression to AD16, 



Characterization of a dementia outpatient clinic and assessment of prognostic factors for the progression 

from mild cognitive impairment to dementia 

 2 

demonstrating the role of vascular pathology in AD17,18. There is also a strong genetic component 

related to the Apo E genotype, which seems to predict the rate of cognitive decline in AD in a 

cumulative fashion19. Nonetheless, age is considered the most important independent risk 

factor for dementia, although female sex and lower education level are also considered risk 

factors for all-cause disease20,21. Based on the Framingham Heart Study, an investigation 

considered that the cumulative incidence of male and female in mid-adult life was the same, 

being the higher lifetime risk in older women partially explained by the lower cardiovascular risk 

and greater life expectancy22. Education is appraised as protective for overall cognitive decline, 

enhancing the Cognitive Reserve of an individual23. However, in two large population-based 

cohort studies which included 872 brain donors, Brayne C. et al. concluded that longer years in 

education only mitigated the impact of pathology on the clinical expression of dementia 

before24. 

In the spectrum between normality and dementia there is a state characterized by some 

cognitive impairment but of insufficient severity to constitute dementia, referred as Mild 

Cognitive Impairment (MCI)25. This entity is consistently supported in the literature as a 

predictor for the development of dementia14,20,25–28. A study on individuals with MCI concluded 

that 40-53% (depending on the criteria applied) had prodromal AD and that 46% were in the 

high likelihood of developing AD29. The risk of progression to dementia is high even in patients 

that had MCI and reverted to normal cognition30. The diagnosis of MCI31 requires objectivation 

of cognitive decline over time, which can occur in several cognitive domains27. Classically 3 

subtypes of MIC are considered: amnesic (a-MCI), multiple domain (md-MCI) and single 

nonmemory domain MCI (nm-MCI) . The clinical outcome is different depending on the specific 

impairment32, and there is evidence suggesting that there is a presumable aetiology for each 

subtype (Figure 2). A-MCI, the most studied, is linked to the development of AD33. 

Focusing on the determinants of progression from MCI to dementia, CVD and other chronic 

diseases are significant for the development of AD and VaD34,35. A recent study aimed to 

determine progression factors concluded that older age and higher Clinical Dementia Rating 

Scale (CDR) scores, an instrument used in the clinal setting, were associated36. Pinto et al. 

applied a version of the Montreal Cognitive Assessment Battery (MoCA) to a group of healthy 

elderly from Brazil and shown that the cognitive performance was strongly influenced by 

schooling, more than age37. Concerning specific predictors, amyloid deposition and neuronal 

injury markers offer the most accurate prognosis29, and the elevation of the Tau to Amyloid ratio 

in the CSF precedes the clinical symptoms of MCI and its diagnosis by more than 5 years38.  
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However,  this measurements are not routinely used in the asymptomatic setting, not 

constituting suitable candidates for prognostic tests39. Edmonds et al. shown that cognitively 

normal participants involved in the Alzheimer’s Disease Neuroimaging Initiative (ADNI) who 

developed MCI or AD were as likely to have subtle cognitive decline as their first marker of 

dementia40, allowing earlier identification of older adults at risk for cognitive decline41. These 

findings support the use of cognitive assessment early in the course of the disease. 

Neuropsychological Testing (NPT) aim to identify cognitive decline that characterizes dementia 

and monitor the disease42. Severe memory and executive dysfunction are well established risk 

factors for progression to dementia, and they can be evaluated with NPT bateries43–46. Several 

tests where developed over time, with different areas being tested with relation to specific 

dementia type47. A poorer performance in memory tests is related to the development of AD 

rather than DLB, whereas decreased motor speed is more in favor of DLB48.Table I shows some 

common NPT divided by cognitive areas. Some NPT can work as short cognitive screening tools, 

such as the Mini-Addenbrooke’s Cognitive Examination (MACE)49, but the majority of test 

batteries imply an extensive evaluation that are best used in a time window fashion50. However, 

not all the tests included in NPT batteries are considered predictive of the development of 

dementia, suggesting the need for further refinement. There is a demographic and cultural 

variance that is best accounted for with the use of normative data from the population being 

tested, in order to adjust results to gender, age and education. This data exists for the 

Portuguese population at least for some tests51–54. 

The purpose of this research is to characterize the population that is referred to the dementia 

outpatient clinic of a tertiary hospital, studying the distribution of different demographic and 

clinical parameters according to the established diagnosis. We will use the collected information 

to further investigate specifically the patients with diagnosed MCI and their progression to 

dementia, analyzing particularly the results obtained in the NP assessment applied to these 

patients. In this way, we expect to determine prognostic factors and refine the specific NPT that 

are more reliable in the prediction of dementia in our population. 
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2. Methods 

2.1. Subjects and procedures 

This institutional cross-sectional retrospective study was based on the review of the available 

medical records from the dementia outpatient clinic of Centro Hospitalar Universitário do Porto 

(CHUP), conducted by a single neurologist, by means of semi-structured interview. The analysis 

included the period between July of 2012 and June of 2018 (6 years). 

For each patient we collected information related to sex, age at first visit, age in which the 

symptoms started (recalled by the patient or family/caregiver), the diagnosis, and the tools used 

in the diagnostic approach. The diagnostic tools assessed were NPT, MRI, Lumbar Puncture for 

CSF, SPECT/PET, Genetic testing and if a multidisciplinary group meeting was made to discuss 

the case. The data was then anonymized for analysis. The diagnosis were established accordingly 

for  AD55, MCI56, frontotemporal lobar degeneration57–60, vascular cognitive impairment61 and 

dementia with Lewy bodies59. 

The patients initially diagnosed with MCI were further analyzed using the results in the 

diagnostic tools applied in order to classify them in subtypes (amnesic, multidomain and no 

memory related MCI) of the disease. 

We then looked at the follow up of these patients and registered the final diagnosis, after 

completion of the investigation, identifying the ones that progressed to dementia and the ones 

that conserved the diagnosis. We defined the conversion time/follow-up time (depending on 

the final diagnosis) based on the time (months) between the initial visit and the final diagnosis. 

The available results on NPT were registered for the patients diagnosed with MCI at first visit. 

The NPT battery included Mini-Mental State Examination, Dementia Rating Scale-2, Auditory 

Verbal Learning Task, Benton visual Retention Test, Complex Rey Figure, Digit Span, Corsi Test, 

Judgment of Line Orientation, Trail Making Test, Wisconsin Card Sorting Test, Verbal fluency and 

Boston Naming Test and Hospital Anxiety and Depression Scale.  

These exams where conducted by specialized psychologists from the neuropsychology unit of 

CHUP. Because some of the registered results were not presented in the form of standard scores 

(z-score), we opted to use the absolute scores for all. When a patient had multiple 

neuropsychological evaluations, we only accounted for the first. 
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2.2. Statistical analysis 

For descriptive statistics, qualitative variables were studied using the absolute and relative 

frequencies. For the quantitative variables, we assessed if the empirical distribution of the 

sample was normalized using the Kolmogorov-Smirnov test (p>.05)62.The mean and standard 

deviation, or median and interquartile range (p25 – p75) (IQR) were calculated accordingly. A 

Levene test was used when necessary to verify the homogeneity of variance63,64. 

For the sample characterization, we performed a Mann-Whitney test65 for the quantitative 

variables and a χ2 test for sex and diagnostic tools. A Cramer V and a Phi66 were used to measure 

the strength of each association, not denoted in the tables. A Spearman correlation coefficient 

was calculate to assess the relation between quantitative values 67. 

When analyzing for the different diagnostic groups, a χ2 test with post hoc adjusted standardized 

residuals for multiple analyses68 was used for sex and a Kruskal Wallis test with post hoc 

Bonferroni for quantitative values. Concerning the MCI patients and their progression, a One-

way ANOVA (with post hoc Tukey test when appropriate) and an independent t-test were used 

to study the age of onset (normally distributed in this subpopulation) and a Mann Whitney or a 

Kruskal Wallis test for the other quantitative variables, as indicated by the context. A  χ2 test was 

used for sex and MCI subtypes. 

For the neuropsychological evaluation analysis, a nonparametric Mann-Whitney U (z) 

determined which scores were related to conversion to dementia. A binary logistic regression 

was carried based on that specific tests. Hosmer and Lemeshow tested the fitness of the model 

(p>.05). The test that had the most predictive logistic regression model was then analyzed 

through receiver operating characteristic (ROC) curves, in order to establish measures of 

discrimination (sensitivity, specificity, positive predictive value and negative predictive value) 

using Youden’s Index69 to determine cut-off points. An area under the curve of >.70 was 

considered acceptable70. 

Statistical analysis was conducted using IBM Statistical Package for the Social Sciences (SPSS) 

version 2571. A p value < 0.05 and a confidence interval of 95% were considered significant. 

2.3. Ethics Review 

This study and the review of clinical information were approved by the Hospital’s Ethics 

Committee, by the coordinator of the department of teaching and had the CHUP Administration 

Council Authorization. There was no need for an informed consent.  
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3. Results 

3.1. Base Demographic Characterization 

Of the initial 798 patients that had an appointment, 16 were excluded due to absence of data 

and referral errors. The final sample consisted of 782 patients, 59,2% of which were female. The 

median age at the first observation was 70 years (IQR=12), and the median age of onset of 

symptoms was 68 years (IQR=12) (table II). The histogram and box-plot are represented in figure 

3.  

The delay between the age of first observation and the age of onset of symptoms was greater 

or equal to 1 year in the majority (81%) of patients. There was no relationship between age of 

onset of symptoms and delay to the first visit (rs=.007, p=.852; Spearman’s correlation). We also 

found no significant difference for gender with respect to the age of onset of symptoms 

(p=.396), the delay (p=.615) and the age at first visit (p=.615) (table III). 

3.2. Diagnostic tools assessment  

The diagnostic instruments used in the approach to each patient is represented in table IV. 

Neuropsychological evaluation (42.1%) and MRI (38.9%) were used the mostly. Additionally, 

14% of the patients where discussed in a multidisciplinary group. Female sex was more 

associated with NPT (p=.029) and MRI (p=.025) assessment, while CSF evaluation (p=.001) and 

genetic testing (p=.017) was more frequently conducted in males. SPECT/PET and 

multidisciplinary discussion were not significantly different between sexes. 

Overall, the patients to whom diagnostic tools were applied were younger (table V). As 

expected, the genetic testing (median age of 59 years, QR=14) and SPECT/PET (median age of 

60 years, IQR=7) were also requested for younger patients. With respect to the NPT, 329 

patients underwent the evaluation and had a median age of onset of symptoms of 64 (IQR=11), 

compared to the 71 years for the ones who did not (p<.001). 

3.3. Analysis by diagnostic type 

We divided the population based on the first diagnosis established by the neurologist. The 

results are expressed in a pie chart (figure 4) and in table VI. The most common diagnosis was 

AD with 19.8% of the patients, followed by VaD (13.4%), MCI (12.9%) and FTD (7.8%). An 

important proportion of patients (14.3%) that were referred to the dementia outpatient clinic 

were diagnosed with no dementia. 



Characterization of a dementia outpatient clinic and assessment of prognostic factors for the progression 

from mild cognitive impairment to dementia 

 7 

In order to improve our statistical analysis, and taking into account the underlying pathology, 

we further aggregated Posterior Cortical Atrophy (PCA) and Primary Progressive Aphasia of 

logopenic type (PPA) in the AD diagnosis and Frontotemporal Dementia (FTD), Semantic 

Dementia (SD), Progressive Non-Fluent Aphasia (PNFA) and Progressive Supranuclear Palsy (PSP) 

in the Frontotemporal Lobar Degeneration (FTLD) diagnostic group. In this setting, we divided 

the population in AD, VaD, MCI, FTLD, Depression, “Other types of dementia” (with inclusion of 

the other minorities not mentioned: a total of 158 patients – 20.2%) and “No dementia” (figure 

5) and compared the groups (table VII) 

There was a significantly higher proportion of females in the Depression group (p=.00137), while 

the patients in the FTLD group were predominantly males (p<.00001). 

The median age of onset was significantly lower for patients with MCI (66, IQR=12) than for 

patients with AD (72, IQR= 12, p=.013) or VaD (71, IQR = 9, p<.001). The Depression (64, IQR=12), 

FTLD (64, IQR=10) and no dementia (66, IQR=13) groups were younger that AD and VaD (p<.001 

for both, for all comparisons). For AD, 30.2% of patients where early-onset type, with a mean 

age of 58± 4.5 years (versus 75.3± 5.8 in the late-onset). There was a significant difference in the 

delay since the appearance of symptoms and the first observation between the patients with no 

dementia (1, IQR=2) and the more prevalent types of dementia: AD (2, IQR=2, p<.001), VaD (1, 

IQR=1, p=.012), MCI (2, IQR=2, p=.001) and FTLD (2, IQR=2, p<.001). 

Patients with MCI and AD were responsible for 46.2% of the NPT done. Twenty-five percent of 

the MRI were conducted in the AD group. As expected, CSF evaluation was also most frequently 

conducted in the AD (30.3%) and the MCI (29.3%) groups. AD and FTLD corresponded to 33.3% 

of the genetic testing. 

3.4. Mild Cognitive Impairment 

The population with the initial diagnosis of MCI (n=101), with a mean age of onset of symptoms 

of approximately 66 years (SD = 8.6), was further analyzed in order to study possible prognostic 

factors for the progression to dementia. 

We characterized the population for subtypes of MCI, obtaining 36 patients with md-MCI 

(35.6%), 33 patients with aMCI (32.7%) and 22 patients with nm-MCI (21.8%). One patient was 

excluded due to lack of detailed information. Nine patients (8.9%) were considered to have 

subjective memory complains (SMC) after the diagnostic work-up. We summarized gender 

distribution and mean age of onset at diagnosis for each MCI subtype in table VIII. The median 
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MMSE result was 27 (IQR=3), thus with no significative cognitive disfunction72, and was not 

significantly different between MCI subtypes (KW (3) = 7.531, p = .057).  

The follow-up time between the date of first observation and the date of the final diagnosis had 

a median value of 21 months (IQR=24.5), with a non-normal distribution (KS: D(100) =.0127, 

p<.001). During follow-up, 16 patients progressed to dementia, 71 kept the MCI diagnosis and 

13 where considered to have SMC. Of the patients that progressed, 10 developed AD (62.5%), 1 

LBD, 1 VaD, 2 Mixed dementia and 1 semantic dementia with atypical features. One patient was 

lost in follow-up. Four patients that remained with the MCI clinical diagnosis evidenced AD 

biomarkers on the CSF evaluation, with a respective mean follow-up time of 26.25 months - 

minimum of 18 and a maximum of 34 months. 

3.5 MCI patients that progressed to dementia 

Of all the patients with SMC at the initial diagnosis, only two changed the diagnosis to MCI. All 

the others maintained the SMC diagnosis. In order to properly analyze the patient’s progression 

to dementia, we didn’t consider the subset of patients diagnosed with SMC initially (n=9) or 

definitively (n=13), as this was not the purpose of this study.  

In this setting, the 18.4% of the MCI patients that progressed to dementia were comparatively 

characterized in table IX. There was no significative association between the progression to 

dementia and sex (χ2(1) =.313, p=.576) or education (p=.572). The mean age of the patients that 

progressed to dementia (72 ± 5.7) was significantly higher compared to the others (65 ± 8.6), t=-

3.115 (83), p=.003. MCI subtype was not determinant for the progression to dementia (χ2(2) 

=1.174, p=.556). The MMSE at diagnosis was also not significantly different (p = .081). However, 

in females, the ones that progressed to dementia had a significantly lower MMSE score (Median 

of 24.5, IQR=5 p=.013). We found no correlation between MMSE and age, but there was a 

significant correlation with the years of education (rs =.478, p<.001, Spearman’s correlation). 

There was a significant difference in the time of follow up between the group that progressed 

to dementia – in this sense, median time of conversion of 53.5 months (IQR=19) – and the group 

that did not progress to dementia (median of 17 months, IQR = 19) (p<.001). 

From the 16 patients that progressed to dementia, 10 (11,5%) progressed to AD. We compared 

these patients with the ones that progressed to other types of dementia and the ones that did 

not progress (table X). The mean age of onset was different between the groups (F(2, 82)=4.849, 

p =.010), with patients that developed AD being significantly older (72.5 ± 5.0) than those with 

stable MCI (65.0 ± 8.6).The subtype of MCI (χ2(4)=3.577, p=.466) and patient’s MMSE score 

(p=.271) appeared not to influence the progression to AD.  
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3.6 Neuropsychological evaluation in the prediction of 

the progression to dementia 

From the patients initially diagnosed with MCI (n=101), 76 underwent NPT evaluation. Seven 

NPT were not available. From the 69 patients with registered results, 11 progressed to dementia 

(15.9%) and 47 remained in stable MCI (68.1%). 11 patients belonged to the SMC group, so they 

were not analyzed at this point, as previously mentioned. 

The mean results for each test applied by group is presented in table XI. There were significant 

differences between converters and stable MCI patients in the following tests: DRS-2 - IP (p = 

.035), Memory (p <0.001), Total (p =.021); AVLT - Total Learning (p =.021), 30-minute delayed 

recall (p = .002), Delayed recognition (p = .011); Ray Complex Figure - Time (p = .012); Sentence 

Repetition: (p =.021) (figure 6). Considering the patients with CSF study, MCI cases with AD 

biomarkers had significantly lower scores for DRS-2 Memory (p =.019) and for AVLT - Total 

Learning (p =.018), when compared to CSF-negative patients. 

A primary logistic regression model containing the variables sex, education, time of follow-up 

and age of first observation (table XII), successfully explained 61.7% (Nagelkerke R2) of the 

variance in dementia progression. The age of first observation (p=.043) and the follow-up time 

(p=.002) represented good correlation with the progression to dementia. Sex and education 

were not significant predictors of prognosis (p=.415 and p=.239, respectively), being excluded 

from the following analysis.  

When adding all the selected NPT scores to the model, we lost the dementia predictive value, 

suggesting a saturation effect presumably due to multicollinearity (with significant correlation 

between different tests, as reported by other authors73), which was addressed by the 

construction of models for each NPT individually, as seen in table XII, with respect to follow-up 

time and age of first observation. These models suggested that only DRS-2 memory (p=.021) and 

AVLT 30-minute delayed recall (p=.017) had a partial correlation to the progression when 

corrected for the other variables. However, when both exams were considered in the same 

model, this value was lost. In this setting, being the AVLT 30-minute delay recall more 

significative, we selected this test as the best outcome predictor from the complete NPT battery 

(table XIV) (OR =.501, 95%CI =[.283-.885]; p=.017). This model successfully explained 74.8% of 

the variance in progression to dementia (Nagelkerke R2), correctly predicting 92.9% of cases. 

We applied the same model to the patients that progressed to AD specifically (n=9), in which 

AVLT 30-minute delay recall was also the predictor variable with the strongest correlation 
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(p=.025), corrected for the follow-up time and age of first observation, correctly predicting 

98.1% of cases (table XV). 

Lower 30-minute delay recall score correlated with the progression to dementia. Receiver 

operating characteristics (ROC) curves were created to obtain discriminative scores (figure 6). 

The Area Under the Curve (AUC) acts as a measure of probability for a non-parametric version74 

of the effect size. AUC for the 30-minute delay was .807 (SE=.071, p=.002, 95%CI=[.668-.946]) 

for all-cause dementia and .807 (SE=.071, p=.002, 95%CI=[.668-.946]) for AD, both of which 

acceptable (>.70) and suggestive of a highly predictive capacity. 

In table XVI we present the values of sensitivity, specificity, positive predictive value and 

negative predictive value for the defined cut-off point of 3.5, which applying to the clinical 

practice encompasses a recall inferior to 4 in the AVLT 30-minute delay recall as the limit for the 

test prognostic detection capacity. In the setting of AD, the AVLT 30-minute delayed recall gains 

sensitivity and positive predictive value, loosing negative predictive value compared to all-cause 

dementia, both with the same specificity.  
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4. Discussion 

The primary aim of this study was to characterize a dementia outpatient clinic in a tertiary 

hospital. In this setting, our study is relevant for focusing on patients that visited the outpatient 

dementia clinic on a 6-year period, which allowed us to study an extended sample. Most of those 

patients were woman, which may be explained by population-based demography.  

When analyzing patient’s age of onset, our findings (median 68 years) do not reflect the 

epidemiology in the literature2,6,7,75, even for the same geographical area76, with patients 

generally being older (70-80 years). This could reflect a referral bias, since this study focused in 

a subspecialized neurology consultation, where patients are referred more frequently in the 

early-onset of dementia context. Furthermore, patients that have no dementia also constitute 

a considerable proportion of this sample. When analyzing the distribution, we noticed an 

asymmetry in the lower tail associated with a negative skewness explained by the presence of 

outliers, mostly corresponding to patients incorrectly referred. 

Our findings are consistent with the standard approach of suspected dementia patients, with 

imaging and neuropsychological assessment as the most used diagnostic tools, despite some 

divergence between national and international guidelines42,55,77,78. Younger patients are more 

frequently subjected to SPECT/PET because of early detection ability79,80.  

The distribution of dementia by types in our study withstands global distribution, with AD and 

VaD being the most common causes4,81, and presenting typically later compared to the MCI 

cases. Early-onset AD has a mean age of onset of symptoms of 58.4 years, similar to what is 

reported by other studies82, representing a population that overlaps in age with the MCI and 

patients with no dementia. The fact that nearly one third of this patients presents with atypical 

non-memory symptoms82,83 justifies the increased use of NPT and CSF evaluation14,84 in this 

cohort. Our findings support that genetic testing  plays a role in the investigation of dementia, 

mostly in younger patients with suspected genetic cases, for AD85 and FTLD86. 

The delay between the appearance of symptoms and the first observation is more than a year 

for the whole sample, consistent with other studies87, which is proven to have a negative 

outcome2. Patients with no dementia have less delay when compared to all-cause dementia. 

Delay has been reported as higher in males88attributed to beliefs that memory complains are 

part of normal aging and to lack of knowledge about the disease89. The prevalence of females in 

the no dementia group was higher, which may partially explain this result. The depression group, 

mostly composed of females, has also an inferior delay when compared to AD or VaD. This group 
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represents 7.8% of our sample reflecting a persistent challenge in distinguishing psychiatric 

symptoms from neurodegenerative diseases, as they may express as a continuum90. 

Furthermore, a significant proportion (14.3%) of the patients had no disease, which can 

represent a failure in recognition in the primary care context91. 

Concerning the patients initially diagnosed with MCI, the more prevalent subtype is md-MCI, 

followed by a-MCI and nm-MCI. This pattern was similar to reports by other authors92. We find 

no correlation between a specific subtype and development of dementia, despite the 

conclusions from previous works32,33. This may be due to a lack of correction for other factors as 

the age of onset or sex, to sample size of selection of inappropriate impairment thresholds, 

factor shown to reduce the prognostic accuracy93,94.  

About 19% of the patients with MCI progressed to dementia, over a median conversion time of 

53 months, which constitutes an annual conversion rate of approximately 4.3%. Our findings are 

similar to those presented in other studies95–97. In a 10-year longitudinal study, Visser et al. found 

that 43.8% of the MCI patients (n=64) developed dementia, with an annual conversion rate of 

4.4%95. Ishikawa et sl., in a 5-year community-based study, showed the progression of 22.4% of 

the patients, with an annual conversion rate of 4.5%96. In a 6-year longitudinal study with 63 

MCI patients, Annerbo et al. described an annual conversion rate of 5.7%97. However, there are 

other studies that state a higher conversion rate, with values between 5-10%98. Different 

methodologies can explain discrepancies. 

The second purpose of this study was to determine possible prognostic factors for the 

progression from MCI to dementia. Our results indicate that sex and education have no apparent 

influence in this process. However, we find that, in our sample, females have significantly fewer 

schooling years than males. The MMSE score, which also doesn’t appear to predict dementia 

development, is significantly higher in males, and in females it has a significant relation with 

years of education. In this setting, given that our sample is constituted by more females than 

males, the protective effect of education seen in other studies99 could be dissipated. The 

differences in sex or education are intrinsic to this generation, marking the importance of 

adjustment of the tests used through culture and time. Our results are in agreement with 

previous works in the Portuguese population showing that MMSE is largely influenced by 

education51. The poor sensitivity of MMSE as a predictor of dementia is also reported in other 

studies100,101. 

Being considered the most important risk factor, the age of onset is significantly higher in 

patients that progress to dementia, as expected21. The fact that women represent a large 
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portion of older demented patients despite female sex not being associated with progression 

can be explained by the effect of lower cardiovascular risk and greater life expectancy22, mainly 

studied for AD rather than VaD102. Survival studies would be necessary to further investigate this 

hypothesis, taking into account patients CVD, which was not included in this study. 

Prominent episodic memory103 and language104 impairment are recognized as a common early 

feature in dementia, especially in AD. It is well established that rapid forgetting over a delay 

interval is a highly sensitive indicator of early AD105,106, which can be assessed with specific NPT 

tests such as the AVLT, the most strongly associated with progression in our study, with a high 

sensitivity to de detection of AD. These findings are consistent with other studies26,107–111. 

Dierckx et al.109found delay cued recall tasks to be the best predictor of conversion to AD among 

MCI patients. Zhao Q. et al.110 found that the delay recall of AVLT was superior to the delayed 

recall of complex figure test in prediction of progression. Guo also found that delayed recall was 

superior to immediate recall in the sense of determining progression111. The sensitivity of this 

test in our study (72.7%) is similar to what was found in other reports, being even higher in the 

detection of AD specifically112. Other studies consider higher sensitivities, with wider cut-offs 113. 

Despite the reasonable sensitivity and specificity, the positive predictive value was not 

satisfactory for detection of all cause-dementia, in contrast with the negative predictive value. 

This has been previously reported by Auriacombe et al.114 in a population-based setting, with a 

positive predictive value of 15% and a contrasting 95% of negative predictive value for delayed 

recall tests, suggesting that, in the context of all-cause dementia, delayed recall works better for 

predicting stable MCI cases.  We found similar results in our study for all causes of dementia 

(high negative predictive value but low positive predictive value), with a slightly inferior negative 

predictive value for AD. This difference for other studies can be explained due to the sample 

size. We didn’t consider other dementia types besides AD because only 6 patients progressed 

to at least 4 types of dementia, limiting the conclusions we could achieve. These findings also 

suggest that we are currently applying an extensive NPT battery when only a few tests have 

actual correlation to the progression to dementia, demonstrating a need for refinement on this 

matter. 

MCI patients that expressed AD CSF biomarkers also appeared to have significantly lower scores 

on memory performance tests, comparable to what happened to the patients that progressed 

to AD. These patients have a longer follow-up than others with MCI without biomarkers, at 

approximate mid-time between the median MCI and dementia follow-up. Therefore, latency 

between positivity of biomarkers and evolution to dementia can be very long. In this setting, our 
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study support the studies that suggests that the cumulative damage that eventually will lead to 

dementia starts years before the onset of clinical disease, as previously stated14. This clinically 

silent phase results in difficulty in coding and organization processes, revealed in the recall 

process, to which neuropsychological evaluation is highly sensitive115–117. This emphasizes that 

biomarkers and memory tests are closely related in the ability to appropriately indicate cases of 

prodromal AD. 

Our study presents a series of limitations that should be accounted for. One of them is the 

selection bias, since we are considering a context of a dementia outpatient clinic in which the 

patients referred to are selected by other doctors, mostly in the primary care context. Another 

one is the lower proportion of males in the study, a bias presented in a similar study118, which 

can also be a consequence of the selection bias. Other limitation we should consider is the fact 

that only a part of the NPT in the battery have normative data for the Portuguese population52–

54, which made us use the absolute values instead. This reaffirms the need to increase normative 

data for the Portuguese population for the other parts of the NPT battery. 

We removed the SMC patients from our study, which could have been interesting to follow 

comparing to MCI and in relation to progression to dementia as a “normal” control. Additionally, 

the fact that this is a cross-sectional study is limiting in addressing progression in time of the 

different variables, like MCI progression and reversion119. It would be interesting, for future 

reference, to study this population in a longitudinal way to address this issue.  
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5. Conclusions 

In summary, this study is relevant for establishing the profile of the population observed in a 

dementia outpatient clinic in a tertiary hospital context, with AD and VaD as leading causes of 

dementia in the older population, with other causes such as FTLD having a clear predominance 

younger. The delay between the onset of symptoms and the observation is relatively high, which 

can be harmful for patient’s outcome. Neuropsychological evaluation and MRI are the two great 

pillars of the diagnostic approach. 

This study addresses possible prognostic factors for the progression from MCI to dementia, that 

occurred at an annual conversion rate of approximately 4.3%. Age is clearly the most important 

risk factor for this progression, and no significant differences were found for sex, education or 

MMSE score. There was a clear association between episodic memory impairment and 

progression to dementia, specially AD, reflected in lower AVLT delayed recall test scores. These 

findings empathize the importance of neuropsychological evaluation in the identification of 

cognitive decline in specific areas of memory that precedes dementia early in the course of the 

disease, acting as suitable indicators of prognosis even for a relatively small number of 

progressors, replicating what is evidence in larger cohorts.  
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Figure 1 - Estimated prevalence of dementia per 1000 population, 2015 and 2035. 

OECD, Health at a Glance: Europe 2016 STATE OF HEALTH IN THE EU CYCLE 
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Figure 2 - Classification of clinical subtype of mild cognitive impairment with presumed aetiology. 

Adapted from Petersen, R. C. & Negash, S.  Mild Cognitive Impairment: An Overview . CNS Spectr. (2008). 
doi:10.1017/s1092852900016151 
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Table I - Neuropsicological tests by area. 

From Fields, J. A., Ferman, T. J., Boeve, B. F. & Smith, G. E. Neuropsychological assessment of 
patients with dementing illness. Nat. Rev. Neurol. 7, 677–687 (2011). 

Area tested Neuropsychological test used 

Verbal Comprehension Vocabulary 
Information 

Similarities 
Boston Naming Test 

Perceptual Organization Picture Completion 

Block Design 
Matrix Reasoning 
Benton Visual Retention Test 
Copy 

Working Memory Arithmetic 
Digit span 
Letter number sequencing 

Processing speed Category Fluency 
Symbol search 

Motor speed Trail Making Test 

Learning Logical Memory 
Auditory Verbal Learning Test 

Retention Auditory Verbal Learning Test 
Logical Memory Percentage Retention 
Visual Reproduction Retention 
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Table II - Socio-demographic data distributibion  

Socio-demographic data  

Age at first visit* (years) 
(n=782)  

70 (26-92) [63-75] 

Gender** 
(n=782) 

Male 319 (40.8%) 

Female 463 (59.2%) 

* - values presented in the form of median (minimum – maximum) and inter-quartile range (IQR) [25th 
percentile to 75th percentile]. 

** - values presented in the form of absolute frequency (number of cases) and relative frequencies (% of 
cases). 
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Figure 3– Histogram and Box-plot of the patients distributed by age. 

The green dots represent outliers ( skewness = -.515, SE = .088) 
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Table III - Relation between age of events and gender  

 

 Gender*  

All 

n = 770 

Male 

n = 316 (41%) 

Female 

n = 454 (59%) 
p 

Ages of events     

Age of onset of symptoms** 
(years) 68 (26-90) [62-74] 68 (26-92) [61-74] 68 (31-90) [62-74] .396 

Delay (years) 1 (0-7) [1-2] 1 (0-6) [1-2] 1 (0-7) [1-2] .615 

* - values presented in the form of absolute frequency (number of cases) and relative frequencies (% of 
cases). 

** - values presented in the form of median (minimum – maximum) and inter-quartile range (IQR) [25th 
percentile to 75th percentile]. 
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Table IV - Correlation between diagnostic tools and gender  

 

 Gender*   

All* 
n = 782 

Male 

n = 319 
(40.8%) 

Female 

n = 463 
(59.2%) 

 

χ2(1)** p 

Diagnostic approach*      

NPT 329 (42.1%) 149 (19.1%) 180 (23.0%) 4.753 .029 

MRI 304 (38.9%) 139 (17.8%) 165 (21.1%) 5.007 .025 

CSF evaluation 99 (12.7%) 55 (7%) 44 (5.7%) 10.228 .001 

Genetic testing 27 (3.5%) 17 (2.2%) 10 (1.3%) 5.691 .017 

SPECT/PET 14 (1.8%) 6 (.8%) 8 (1%) .025 .874 

Multidisciplinary group 
discussion 111 (14.2%) 53 (6.8%) 58 (7.4%) 2.591 .107 

* - values presented in the form of absolute frequency (number of cases) and relative frequencies (% of 
cases). 

** - Chi-square (degrees of freedom) 

NPT – Neuropsychological tests; MRI – Magnetic resonance imaging; CSF - Cerebral Spinal Fluid; SPECT 
- Single-photon emission computed tomography; PET - Positron Emission Tomography 
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Table V - Relation between diagnostic tools and mean age of onset of symtoms 

 

 Mean age of onset of symptoms**  

All* 

n = 770 
Did the exam Did no exam p 

Diagnostic approach*     

NPT 329 (42.1%) 64 (39-86) [59-70] 71 (26-90) [65-76] <.001 

MRI 304 (38.9%) 64 (39-83) [58-69] 71 (26-90) [65-76] <.001 

CSF evaluation 99 (12.7%) 63 (39-81) [57-67] 69(26-90) [63-74] <.001 

Genetic testing 27 (3.5%) 59 (39-80) [53-67] 68 (26-9) [62-74] <.001 

SPECT/PET 14 (1.8%) 60 (51-67) [56-63] 68 (26-90) [62-74] <.001 

Multidisciplinary group 
discussion 111 (14.2%) 63 (39-83) [58-68] 69 (26-90) [63-75] <.001 

* - values presented in the form of absolute frequency (number of cases) and relative frequencies (% of 
cases). 

** - values presented in the form of median (minimum – maximum) and inter-quartile range (IQR) [25th 
percentile to 75th percentile]. 

NPT – Neuropsychological tests; MRI – Magnetic resonance imaging; CSF - Cerebral Spinal Fluid; SPECT 
- Single-photon emission computed tomography; PET - Positron Emission Tomography 
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Figure 4 – Pie-chart with the different initial diagnosis 
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Table VI - Distribution by diagnosis 

 

 

All* 
n = 782 

Diagnosis  

MCI 101 (12.9%) 

AD 155 (19.8%) 

PCA 3 (.4%) 

PPA 1 (0.1%) 

LBD 15 (1.9%) 

FTD 51 (6.5%) 

PNFA 2 (.3%) 

SD 5 (.6%) 

VaD 105 (13.4%) 

CBD 2 (.3%) 

PSP 4 (.5%) 

Mixed 40 (5.1%) 

Alcohol 3 (.4%) 

Depression 61 (7.8%) 

Other 98 (12.5%) 

Not concluded 24 (3%) 

No dementia 112 (14.3%) 

* - values presented in the form of absolute frequency (number of cases) and relative frequencies (% of 
cases). 

MCI – Mild Cognitive Impairment; AD – Alzheimer Disease; PCA – Posterior Cortical Atrophy; PPA – Primary 
progressive Aphasia; LBD – Lewy Bodies Dementia; FTD – Frontotemporal Dementia; PNFA – Progressive 
non-fluent aphasia; SD – Semantic Dementia; VaD – Vascular Dementia; CBD – Corticobasal Dementia; 
PSP – Progressive Supranuclear Plasy. 
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Figure 5 - Pie-chart corrected for diagnosis grouping 
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Table VII - Distribution of the different variables between diagnosis 

 

   Diagnosis  

All 
 

AD 

n = 159 
(20.3%) 

VaD 

n = 105 
(13.4%) 

MCI 

n = 101 
(12.9%) 

FTLD 

n = 62 
(7.9%) 

Depression 
n = 61 
(7.8%) 

No dementia 
n = 112 (14.3%) 

p 

Demographic data         

Gender* 

Male 319 
(40.8%) 72 (45.3%) 54 (51.4%) 39 (38.6%) 37 (59.7%) 5 (8.2%) 38 (33.9%) 

<.001 

Female 463 
(59.2%) 87 (54.7%) 51 (48.6%) 62 (61.4%) 25 (40.3%) 56 (91.8%) 74 (66.1%) 

Age of onset of 
symptoms** (years) 

68 (26-90) 
[62-74] 

72 (48-90) 
[64-77] 

71 (55-86) 
[67-76] 

66 (45-83) 
[61-73] 

64 (39-81) 
[59-69] 

64 (38-90) 
[59-71] 

66 (26-89) 
[57-70] <.001 

Age at first visit** (years) 70 (26-92) 
[63-75] 

74 (52-92) 
[65-79] 

73 (56-87) 
[69-78] 

68 (45-84) 
[63-74] 

66 (43-84) 
[61-72] 

65 (38-90) 
[59-72] 

66 (26-90) 
[58-70] <.001 

Delay*** (years) 1 (0-7) [1-
2] 

2 (0-5) [1-
3] 

1 (0-5) [1-
2] 

2 (0-5) [1-
2] 

2 (0-7) [1-
3] 

1 (0-6) [0-
2] 

1 (0-5) [0-
2] <.001 

Diagnostic approach*         

NPT 329 76 (23.1%) 18 (5.5%) 76 (23.1%) 50 (15.2%) 13 (4.0%) 29 (8.8%) <.001 

MRI 304 76 (25.0%) 18 (6%) 50 (16.4%) 52 (17.1%) 9 (3.0%) 24 (7.9%) <.001 

CSF evaluation 99 30 (30.3%) 6 (6.1%) 29 (29.3%) 18 (18.2%) 0 3 (3.0%) <.001 

Genetic testing 27 9 (33.3%) 0 1 (3.7%) 9 (33.3%) 0 1 (3.7%) <.001 

SPECT/PET 14 2 (14.3%) 0 1 (7.1%) 3 (21.4%) 0 0 <.001 

Multidisciplinary 
group discussion 111 38 (34.2%) 5 (4.5%) 11 (9.9%) 33 (29.7%) 2 (1.8%) 3 (2.7%) <.001 

* - values presented in the form of absolute frequency (number of cases) and relative frequencies (% of 
cases). 

** - values presented in the form of median (minimum – maximum) and inter-quartile range (IQR) [25th 
percentile to 75th percentile]. 

AD – Alzheimer Disease; VaD – Vascular Dementia; MCI – Mild Cognitive Impairment; FTD – 
Frontotemporal Dementia; NPT – Neuropsychological tests; MRI – Magnetic resonance imaging; CSF - 
Cerebral Spinal Fluid; SPECT - Single-photon emission computed tomography; PET - Positron Emission 
Tomography 
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Table VIII - Distribution of demographic variables between MCI subtypes 

 

  MCI Subtype  

All 

 

md-MCI 

n = 36 (36.3%) 

a-MCI 

n = 33 (33.3%) 

nm-MCI 

n = 22 (22.2%) 
p 

Socio-demographic data      

Age of onset of symtoms* 
(years) 65.9 ± 8.6 66.0 ± 8.0 67.8 ± 8.4 62.6 ± 9.1 .09 

Gender** 
Female 56 (56.6%)  22 (39.3%) 18 (32.1%) 16 (28.6%) 

.397 
Male 35 (35.4%) 14 (40%) 15 (42.9%) 6 (17.1%) 

* - values presented in the form of mean ± standard deviation 

** - values presented in the form of absolute frequency (number of cases) and relative frequencies (% of 
cases) with respect to the patients diagnosed with MCI. 
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Table IX - Characteristics of the patients that progressed and did not progress to dementia 

 

 MCI  

All 
n = 85 

Progression to 
dementia 

n = 16 (18.8%) 

No progression to 
dementia 

n = 69 (81.2%) 
p 

Demographic data     

Gender* Male 32 (37.6%) 7 (21.9%) 25 (78.1%) 
.576 

Female 53 (62.4%) 9 (17%) 44 (83.0%) 

Education (years) 4 (0-17) [4-9] 4 (2-12) [4-7.5] 4 (0-17) [4-9] .572 

Age of onset of symptoms** 
(years) 66 ± 8.6 72 ± 5.7 65.0 ± 8.6 .002 

Disease phenotype*     

MCI subtype* md-MCI 35 (41.2%) 7 (19.4%) 28 (78.1%) 

.556 
a-MCI 31 (36.5%) 7 (22.6%) 24 (77.4%) 

nm-MCI 19 (22.4%) 2 (10.5%) 17 (89.5%) 

    

MMSE at diagnosis** 27 (16-30) [26-29] 27 (20-30) [24-28] 28 (16-30) [27-29] .0874 

Follow-up time (months)** 21 (0-96) [10-34.5] 53.5 (20-30) [41.5-
60.5] 17 (0-96) [9-28] <.001 

* - values presented in the form of absolute frequency (number of cases) and relative frequencies (% of 
cases). 

** - values presented in the form of median (minimum – maximum) and inter-quartile range (IQR) [25th 
percentile to 75th percentile]. 

MMSE -Mini Mental State Examination 
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Table X - Characteristics of the patients that progressed to AD, to other types of dementia and 
that did not progress to dementia 

 

  MCI  

All 

n = 85 

Progression to AD 

n = 10 (11.8%) 

Progression to 
other types of 
dementia 
n = 6 (7.1%) 

No progression to 
dementia 
n = 69 (81.1%) 

p 

Demographic data      

Gender* Male 32 (37.6%) 5 (15.6%) 2 (6.3%) 25 (78.1%) 
.685 

Female 53 (62.4%) 5 (9.5%) 4 (7.5%) 44 (83.0%) 

Age of onset of symptoms** 
(years) 66 ± 8.6 72.5 ± 5.0 71.2 ± 7.1 65.0 ± 8.6 .010 

      

Initial diagnosis*      

MCI subtype* md-MCI 35 (41.2%) 5 (14.3%) 2 (5.7%) 28 (80.0%) 
.466 

a-MCI 31 (36.5%) 5 (16.1%) 2 (6.5%) 24 (77.4%) 

nm-MCI 19 (22.4%) 0 2 (10.5%) 17 (89.5%) 
 

     

MMSE at diagnosis** 27 (16-30) [26-29] 25 (20-30) [23.25-
29] 

27 (24-28) [25.5-
27.5] 28 (16-30) [26-29] .271 

Follow-up time (months**) 21 (0-96) [10-34.5] 51 (26-71) [48-78] 57.5 (29-86) [30-65] 17 (0-96) [9-28] <.001 

* - values presented in the form of absolute frequency (number of cases) and relative frequencies (% of 
cases). 

** - values presented in the form of median (minimum – maximum) and inter-quartile range (IQR) [25th 
percentile to 75th percentile]. 

MMSE -Mini Mental State Examination 
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Table XI - NPT results in patients that progressed to dementia and that did not progress 

  MCI  

Number of 
exams: 

p/np 

Progression to 
dementia 

n = 16 (18.8%) 

No progression 
to dementia 

n = 69 (81.2%) 
p 

Neuropsychological Tests     

DRS-2 AT 11/46 32.45± 3.20 33.17± 3.40 .408 

IP 11/47 30.73± 4.20 33.34± 4.18 .035 

Const. 11/47 4.82± 1.33 5.11± .866 .708 

Concept. 11/47 31.45± 4.53 32.98± 3.33 .359 

Memory 11/47 15.36± 2.98 20.02± 3.82 <.001 

Total 11/46 114.82± 13.05 124.91± 11.32 .021 

Digit Span Direct 11/47 5.00± 1.00 5.00± 1.4 .789 

 Indirect 11/47 3.09± .539 3.45± .93 .196 

Corsi Total 11/46 3.00± 1.27 3.41± 1.11 .482 

JLO Total 10/43 15.1± 7.59 17.16± 6.35 .406 

AVLT Total 11/46 26.64± 8.81 34.61± 8.31 .012 

30’ 11/45 2.09± 2.74 6.31± 4.75 .002 

Rec. 11/45 22.73± 4.84 26.56± 4.09 .011 

Rey-Complex 
Figure 

Copy 10/44 23.00± 5.81 23.27± 5.74 .867 

Time 10/40 508.27± 306.101 324.43± 160.81 .011 

Memory 9/42 6.06± 3.97 8.71± 3.38 .061 

BVRT Total 7/34 2.57± .98 3.76± 1.89 .100 

TOKEN value 5/16 37.40± 4.22 35.25± 5.60 .430 

BNT Total 11/45 8.09± 2.914 8.71± 2.52 .835 

Sentence 
Repetition 

Total 9/41 8.44± 2.51 10.54± 2.303 .021 

Categorical 
Fluency 

Animals 11/47 11.18± 3.84 13.74± 5.28 .0237 

Supermarket 11/47 15.09± 3.62 18.30± 5.89 .064 

Linguistic 
Fluency 

M 10/43 5.50± 2.95 5.79± 4.14 .819 

R 10/43 6.90± 3.48 6.81± 3.78 .723 

P 10/43 6.80± 3.46 7.42± 4.08 .784 
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Total 10/43 19.20± 9.03 20.07± 11.17 .699 

TMT A 9/45 70.92± 19.86 89.67± 50.78 .0577 

B 2/16 210.00± 11.31 169.81± 63.61 .482 

B/A 4/30 3.66± 1.34 2.94± .99 .285 

WCST Cat 9/45 1.44± 1.42 2.49± 2.12 .191 

FMS 9/44 .78± .833 1.00± 1.29 .858 

Errors 9/45 78.56± 16.20 65.69± 22.28 .146 

Preserved Errors 9/45 63.22± 27.422 46.93± 26.80 .076 

9-HOLE Right 10/41 48.95± 9.08 49.26± 9.13 .953 

Left 10/41 50.56± 8.14 51.83± 9.57 .740 

HADS Anxiety 11/46 7.64± 3.78 7.76± 4.31 .847 

Depression 11/46 7.00± 4.22 6.41± 3.94 .549 

Number of exams presented in the form progressed/did not progress (p/np) 

Values presented in the form of mean ± standard deviation 

DRS-2 - Dementia Rating Scale-2,AVLT - Auditory Verbal Learning Task,BVRT - Benton visual Retention 
Test, BNT -Boston Naming Test, JLO - Judgment of Line Orientation,TMT - Trail Making Test, WCST - 
Wisconsin Card Sorting Test, Verbal fluency and HADS - Hospital Anxiety and Depression Scale. 
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Figure 6 - Neuropsychological tests with significant differences between groups 
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Table XII – Primary binary logistic regression model - Control 

Outcome = prediction of progression to all-cause dementia; Reasonable fit by the Hosmer and Lemeshow 
Test, p=.954 

* - exponentiation of the B coefficient, which is an odds ratio in the settings of this type of model 

FU – follow-up 

  

 B coeficient SE Wald df p Odds Ratio* Model 
equation 

Controled Model        

χ2(4)=27.762, 
p<.001 

 FU time .080 .026 9.334 1 .002 1.083 

 Age of first observation .226 .112 4.099 1 .043 1.254 

 Sex .854 1.048 .664 1 .415 2.350 

 Education -.203 .173 1.384 1 .239 .816 

 Constant -19.638 7.962 6.084 1 .014 .014 



Characterization of a dementia outpatient clinic and assessment of prognostic factors for the progression 

from mild cognitive impairment to dementia 

 43 

Table XIII – Bivariate logistic regression model for each significant NPT. 

 B coeficient SE Wald df p Odds Ratio* Model 
equation 

Model         

 FU time .075 .025 9.302 1 .002 1.078 

χ2(3)=27.086, 
p<.001 

 Age of first observation .213 .098 4.713 1 .030 1.237 

 DRS-2 - IP -.118 .108 1.199 1 .273 .889 

 Constant -15.466 7.881 3.851 1 .050 <.001 

 FU time .113 .043 6.823 1 .009 1.119 

χ2(3)=35.145, 
p<.001 

 Age of first observation .223 .118 3.573 1 .059 1.250 

 DRS-2 - Memory -.514 .224 5.293 1 .021 .598 

 Constant -13.008 8.304 2.454 1 .117 <.001 

 FU time .074 .025 8.952 1 .003 1.077 

χ2(3)=27.599, 
p<.001 

 Age of first observation .197 .095 4.256 1 .039 1.218 

 DRS-2 - Total -.058 .046 1.592 1 .207 .944 

 Constant -11.193 8.969 1.557 1 .212 <.001 

 FU time .087 .030 8.362 1 .004 1.091 

χ2(3)=29.665, 
p<.001 

 Age of first observation .206 .099 4.299 1 .038 1.228 

 AVLT- Total -.133 .074 3.279 1 .070 .875 

 Constant -15.256 7.393 4.258 1 .039 <.001 

 FU time .128 .048 7.178 1 .007 1.136 

χ2(3)=35.612, 
p<.001 

 Age of first observation .183 .129 2.018 1 .155 1.201 

 AVLT – 30’ delay recall -.692 .291 5.656 1 .017 .501 

 Constant -17.233 9.906 3.027 1 .082 <.001 

 FU time .073 .025 8.834 1 .003 1.076 

χ2(3)=25.315, 
p<.001 

 Age of first observation .189 .105 3.279 1 .070 1.209 

 AVLT - Recognition -.024 .093 .067 1 .796 .976 

 Constant -16.870 8.907 3.587 1 .058 <.001 
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Outcome = prediction of progression to all-cause dementia; Reasonable fit by the Hosmer and Lemeshow 
Test for all models. 

* - exponentiation of the B coefficient, which is an odds ratio in the settings of this type of model 

FU – follow-up; DRS-2 – Dementia Rating Scale-2; AVLT – Auditory Verbal Learning Test 

 

 

 
  

 (continued) B coeficient SE Wald df p Odds Ratio* Model 
equation 

 FU time .064 .026 6.077 1 .014 1.066 

χ2(3)=23.811, 
p<.001 

 Age of first observation .234 .108 4.714 1 .030 1.263 

Rey Complex Figure - Time .004 .003 2.306 1 .129 1.004 

 Constant -21.794 8.449 6.654 1 .010 <.001 

 FU time .073 .029 6.134 1 .013 1.076 

χ2(3)=28.204, 
p<.001 

 Age of first observation .300 .113 5.130 1 .024 1.350 

 Sentence Repetition -.587 .335 3.066 1 .080 .556 

 Constant -19.801 8.870 4.983 1 .026 <.001 
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Table XIV – Final bivariate logistic regression model for all-cause dementia 

 B coeficient SE Wald df p Odds 
Ratio* 

95% 
Confidence 

Interval 

FU time .128 .048 7.178 1 .007 1.136 [1.035-1.248] 

Age of first observation .183 .129 2.018 1 .155 1.201 [.933-1.546] 

AVLT – 30’ delay recall -.692 .291 5.656 1 .017 .501 [.283-.885] 

Constant -17.233 9.906 3.027 1 .082 <.001  

Model equation χ2(3)= 35.612, p<.001     

Outcome = prediction of progression to all-cause dementia; Reasonable fit by the Hosmer and Lemeshow 
Test, p=.862 

* - exponentiation of the B coefficient, which is an odds ratio in the settings of this type of model 

FU – follow-up; AVLT – Auditory Verbal Learning Test 
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Table XV – Final bivariate logistic regression model for Alzheimer Disease 

 B 
coeficient SE Wald df p Odds 

Ratio* 
95% 

Confidence 
Interval 

FU time .182 .083 4.802 1 .028 1.199 [1.019-1.411] 

Age of first observation .373 .242 2.380 1 .123 1.452 [.904-2.331] 

AVLT – 30’ delay recall -1.198 .536 4.994 1 .025 .302 [.105-.863] 

Constant -32.436 19.236 2.843 1 .092 <.001  

Model equation χ2(3)= 37.743, p<.001     

Outcome = prediction of progression to all-cause dementia; Reasonable fit by the Hosmer and Lemeshow 
Test, p=.943 

* - exponentiation of the B coefficient, which is an odds ratio in the settings of this type of model 

FU – follow-up; AVLT – Auditory Verbal Learning Test 

 
  



Characterization of a dementia outpatient clinic and assessment of prognostic factors for the progression 

from mild cognitive impairment to dementia 

 47 

 

 
Figure 7 ROC curves for AVLT 30-minute Delay Recall for all-cause dementia (A) and for AD 
specifically (B)  

A 

B 
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Table XVI - Cut-off points and respective sensisivity, specificity, positive predicitive value and 
negative predictive value for each test 

 

Cognitive Test 

AVLT 30-minute delay recall 
for all-cause dementia 

AVLT 30-minute delay 
recall for AD 

 Cut-off points* ⩽ 3.5 ⩽ 3.5 

Measures    

 Sensitivity 72.7 % 88.9% 

 Specificity 75.6% 75.6% 

 Positive Predictive value*** 42% 55.9% 

 Negative Predictive value*** 91.8% 44.7% 

* - values determined based on Youden’s index (maximum Sensitivity + Specificity -1) 

** - value presented in the form of deviation 

*** - Calculated based on a theoretical population with the same sensitivity and specificity 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 


