Aging Clinical and Experimental Research
https://doi.org/10.1007/540520-020-01697-8

ORIGINAL ARTICLE q

Check for
updates

Clinical and demographic parameters predict the progression
from mild cognitive impairment to dementia in elderly patients

Giovanni Zuliani' - Michele Polastri? - Tommaso Romagnoli’ - Lisa Marabini? - Davide Seripa® - Carlo Cervellati® -
Amedeo Zurlo? - Angelina Passaro? - Gloria Brombo?

Received: 8 August 2020 / Accepted: 26 August 2020
© The Author(s) 2020

Abstract

Objectives To evaluate the possibility of predicting the risk of progression from mild cognitive impairment (MCI) to demen-
tia using a combination of clinical/demographic parameters.

Methods A total of 462 MCI elderly patients (follow-up: 33 months). Variable measured included cognitive functions, age,
gender, MCI type, education, comorbidities, clinical chemistry, and functional status.

Results Amnestic type (aMCI) represented 63% of the sample, non-amnestic (naMCI) 37%; 190 subjects progressed to
dementia, 49% among aMCI, and 28% among naMCI. At Cox multivariate regression analysis, only MMSE (one point
increase HR 0.84; 95% CI 0.79-0.90), aMCI (HR 2.35; 95% CI 1.39-3.98), and age (1 year increase HR 1.05; 95% CI
1.01-1.10) were independently associated with progression to dementia. A score was created based on these dichotomized
variables (score 0-3): age (>or <78 years), MMSE score (> or < 25/30) and aMCI type. The conversion rate progressed
from 6% in subjects with score 0 (negative predictive value: 0.94), to 31% in individuals with score 1, to 53% in subjects
with score 2, to 72% in individuals with score 3 (positive predictive value: 0.72). ROC curve analysis showed an area under
the curve of 0.72 (95% CI 0.66-0.75, p 0.0001).

Conclusions We have described a simple score, based on previously recognized predictors such as age, MMSE, and MCI
type, which may be useful for an initial stratification of the risk of progression to dementia in patients affected by MCI. The
score might help the clinicians to evaluate the need for more expansive/invasive examinations and for a closer follow-up in
MCT patients.
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Introduction

. . . . . Mild cognitive impairment (MCI) is an intermediate condi-
Electronic supplementary material The online version of this L. . . .
article (https://doi.org/10.1007/540520-020-01697-8) contains tion in the trajectory from normal cognition to dementia;
supplementary material, which is available to authorized users. compared to normal individuals, subjects with MCI usu-
ally have a higher rate of progression to dementia over a
relatively short period [1]. The operational criteria for MCI
diagnosis are the presence of a cognitive complain/impair-
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criteria and assessment procedures. In Italy, it has been esti-
mated that up to 45% of population aged 65-84 years had
some kind of cognitive deficits without dementia [3].

Basically, a presentation with memory impairment is
typical of the amnestic form of MCI (aMCI), whereas non-
amnestic MCI (naMCI) is characterized by impairment in
non-memory cognitive domains [1]. Currently, the major-
ity of researchers employ four subtypes of MCI, depending
on the number of affected domains: single-domain aMCI,
multidomain aMCI, single-domain naMCI, and multidomain
naMCI [4].

The issue of the progression to dementia is crucial, since
the diagnosis of MCI implicates a prognosis that is “less
favorable” compared to persons with normal cognition. Most
of the studies report a rate of progression from 20 to 40%,
with an annual rate of 5-17% [1, 2]. However, while most
patients who will develop dementia will exhibit symptoms
compatible with MCI in the earlier stages of the disease [5],
the reverse may not be true, since many individuals with
MCI diagnosis may never progress to dementia [6]. Moreo-
ver, a small percentage of MCI individuals may revert to
normal cognition, and even among these subjects, the risk of
subsequent MCI or dementia is higher compared to healthy
controls [7]. aMCI is hypothesized to progress mostly to
Alzheimer’s disease (AD), while naMCI usually progress
to non-AD forms of dementia; both naMCI and aMCI have
been associated with progression to vascular dementia (VD)
[1]. Several risk factors have been associated with the pos-
sible progression from MCI to overt dementia in Literature
including: older age, lower levels of formal education, mem-
ory loss or aMCI type, multiple domain MCI type, previous
stroke, cerebrovascular disease, cardiovascular risk factors
(e.g., hypertension, diabetes), presence of depression, poor
health status, the degree of cognitive impairment, and per-
haps female gender [1].

In the present study we evaluated, in a large sample of
older individuals affected by MCI, the possibility of pre-
dicting the progression to dementia using a combination
of easily accessible and inexpensive clinical/demographic
parameters.

Patients and methods
Subjects

The initial sample included 620 elderly (> 65 years) out-
patients evaluated in the period 2006-2018 at the Memory
Clinic of the Department of Internal Medicine, S. Anna
University Hospital, Ferrara (Italy) or of the Casa Sol-
lievo della Sofferenza, San Giovanni Rotondo (Italy) in
which the diagnosis of MCI was made. After the initial
examination and diagnosis, 158 subjects were lost during
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follow-up (we had no evidence from computerized health
care system of a possible diagnosis of dementia), while
462 underwent a regular follow-up (median: 33 months;
range 10-155). Of these, 190 converted to dementia, with
a final rate of progression of about 30% (190/620).

Subjects lost at follow-up did not differ from individu-
als included into the study as regards age, gender, educa-
tion, MCI type, or prevalence of diabetes, hypertension,
coronary heart disease (CHD), or stroke (data not shown).

MCI was defined as the presence of a documented defi-
cit in memory or in another cognitive domain, without
(single domain) or with (multiple domain) impairment in
other cognitive domains, in an individual who didn’t meet
the clinical criteria for dementia [4].

The Mini-Mental State Examination (MMSE) [8]
ranged from 22/30 to 27/30.

The clinical diagnosis of dementia during follow-up
was made by the DSM-5 criteria [9].

LOAD diagnosis was based on the National Institute
on Aging-Alzheimer’s Association workgroups criteria
[10], while the diagnosis of VD was made following the
NINDS-AIREN criteria [11].

There were no evidence of acute illnesses at the time
of clinical observation and blood sampling, as previously
described [12, 13]. No subject was taking NSAIDS, anti-
biotics, or steroids at the time of recruitment.

A cardiovascular risk score was calculated as follows: 1
point for active smoking, diabetes, hypertension and male
gender; 2 points for previous diagnosis of coronary heart
diseases or stroke (total score 0-8).

General and neuropsychological examination including
basic activities of daily living (BADLSs) [14], instrumental
activities of daily living (IADLSs) [15], and 15 items geriat-
ric depression scale (GDS) [16] was carried as previously
described [17]. Personal data and medical history (e.g.,
hypertension, coronary heart disease—CHD, diabetes,
chronic obstructive pulmonary disease—COPD) were col-
lected by trained personnel as previously described [18].
Clinical chemistry analyses were routinely performed to
exclude causes of secondary cognitive impairment. These
analyses included serum B-12 vitamin and folate, liver,
kidney and thyroid function tests, blood cell count, and
arterial oxygen saturation.

All subjects underwent brain MRI or brain CT using a
64 volumetric scanner.

The study was approved by the Local Ethic Commit-
tee of “Casa Sollievo della Sofferenza”, San Giovanni
Rotondo (protocol n. 3877/DS) and Local Ethic Commit-
tee of “Azienda Arcispedale S. Anna”, Ferrara (protocol
n. 170579). Patients were informed about the project and
research protocol, and a written consent was obtained.
The research did not modify the routine clinical/diag-
nostic protocols implemented for the diagnosis of MCI
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nor conditioned any decision about the treatments of the
enrolled individuals.

Statistical analysis

Continuous variables were expressed as mean (standard
deviation—SD) or median (interquartile range—IQR) when
necessary. Means were compared by ANOVA with Bonfer-
roni post hoc test for multiple comparison; medians were
compared by Mann—Whitney test. Correlations between
continuous variables were tested by Pearson’s correlation.
Proportions were compared by the y° test. Hazard ratios
(HR) were estimated by Cox proportional hazard regres-
sion analysis (univariate and multivariate). The assumption
of proportionality of all variables introduced in the models
was assessed through the analysis of Schoenfeld residuals.
Analyses were performed by SPSS for Windows statistical
package, version 13.0.

Results

Most of the sample was composed by aMCI patients
(n.292-63%), while the remaining subjects were affected
by naMCI (n.170-37%). The most frequent diagnosis was
multidomain aMCI (54%), followed by multidomain naMCI
(25%), single-domain naMCI (12%), and single-domain
aMCI (9%). On the whole, 190 MCI progressed to dementia
during the follow-up, about one in two among aMCI (49%),
and one in three among naMCI (28%); in particular, the rate
of progression was 29% for multiple naMCI, 34% for single
naMCI, 48% for single aMClI, and 52% for multiple aMCI
(Supplementary Fig. 1). Among the patients progressed to
dementia, 34% developed LOAD, 35% “mixed” dementia
(dementia with clinical-instrumental characteristics of both
LOAD and VD), 29% VD, and 2% other forms of dementia.

In Table 1 are reported the principal characteristics of the
sample according to clinical evolution. Compared to stable
MCI, MCI converted to dementia were characterized by
older age, higher prevalence of amnestic type, lower MMSE
score, less depressive symptoms, and lower sub-cortical
multiple lacunes. A non-significant trend toward an increase
in the prevalence of diabetes, leukoaraiosis and brain atrophy
was also observed.

In Table 2 are described the principal characteristics of
the sample according to the clinical type of MCI. Compared
with naMCI patients, aMCI were older, had less depressive
symptoms, and lower hsCRP levels. The calculated cardio-
vascular score was generally low in the whole sample and
did not differ between stable MCI patients or patients pro-
gressing to dementia, nor between aMCI and naMCI.

In Table 3 are reported the results of univariate Cox
regression analysis for the conversion of MCI to dementia,

based on the results reported in Table 1. Age (for 1 year
increase—hazard ratio: 1.06; 95% confidence interval:
1.02-1.09), MMSE score (for 1 point increase—HR 0.88;
95% CI 0.84-0.93), and type of MCI (amnestic vs non-
amnestic—HR 2.38; 95% CI 1.56-3.62) were significantly
associated with the progression to dementia. On the con-
trary, the association between GDS score (three categories;
0-4, 5-10,> 10 points) and progression was not significant.

In Table 4 are described the results of Cox multivariate
regression model (stepwise forward—Wald) for progression
of MCI to dementia. In order of entry into the model, MMSE
score (for 1 point increase—HR 0.84; 95% CI 0.79-0.90),
amnestic type of MCI (HR 2.35; 95% CI 1.39-3.98), and
age (for 1 year increase—HR 1.05; 95% CI 1.01-1.10) were
associated with the progression to overt dementia, independ-
ent of sex and education; further adjustment for hs.CRP,
multiple lacunar lesions and GDS score did not modify the
results (data not shown).

In Fig. 1 are reported the survival curve obtained from
Cox regression model for the progression to dementia in the
MCI subjects grouped by the number (0-3) of significant
predictors present in each individual: age (>or <78 years,
median value), MMSE score (> or<25/30, median value),
and aMCI type. Compared to subjects with O predictors, a
graded and significant increase in the risk of progression to
dementia was found in individuals bearing one factor (HR
12; 95% CI 1.7-91), two factors (HR 28; 95% CI 4.0-210)
or three factors (HR 45; 95% CI 6.5-328). Interestingly, the
conversion rate progressed in a linear way from 6% in sub-
jects with score 0, to 31% in individuals with score =1, to
53% in subjects with score 2, to 72% in individuals with
score 3. The ROC curve analysis for the score showed an
area under the curve of 0.72 (95% CI 0.66-0.75) with a
standard error 0.030 (p 0.0001) (Supplementary Fig. 2).

Discussion

In this study, we searched for possible predictors of progres-
sion to dementia in a large sample of MCI elderly patients,
focusing on easily accessible parameters. This is an impor-
tant topic since the clinical diagnostic category “MCI” is
heterogeneous. Indeed, it is known that while a part of indi-
viduals will progress to dementia, a large number of MCI
will remain “stable” [5], and a part of them will even regress
to normal cognitive functions [6].

In our study, about 30% of MCI patients evolved to
dementia during the follow-up (median 33 months) with an
observed maximum conversion rate between 1 and 3 years
from baseline (almost 50% of all cases).

At multivariate analysis, the diagnosis of aMCI was asso-
ciated with a 135% increase in the probability of progression
to dementia compared with naMCI. aMCI displayed a high
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Table 1 Principal characteristics

° MCI-MCI (n 272) MCI-dementia (n 190) )4
of the sample according to
follow-up evolution Demographics

Age (years) 76.6+6.3 78.3+4.7 0.002
Female gender (%) 54 59 0.33
Education (years) 6.1+3.7 6.0+34 0.75
Active smoking (%) 7.8 8.0 0.96

Cognitive and functional status
MMSE (/30) 253+2.7 24.0+2.8 0.001
GDS (/15) 5@3-7) 3 (2-6) 0.007
BADLs (/6) 54+1.0 5.1+1.2 0.80
TIADLs (/8) 6.4+2.1 59+25 0.18
Amnestic type MCI (within group) (%) 55 74.5 0.001

Clinical chemistry parameters
Haemoglobin (g/dl) 13.1+14 13.1+1.4 0.98
Creatinine (mg/dl) 0.94+0.27 0.95+0.29 0.86
Uric acid (mg/dl) 49+1.6 5.1+1.2 0.64
Albumin (g/dl) 4.0+0.33 4.0+0.35 0.59
Total cholesterol (mg/dl) 205+40 207 +41 0.68
Tryglicerides (mg/dl) 107+38 119+67 0.0
HDL-C (mg/dl) 60+16 64 +38 0.23
Hs-CRP (mg/dl) 0.18 (0.12-0.25) 0.16 (0.10-0.27) 0.46
Glycemia (mg/dl) 98 +21 103 +41 0.25
HbAlc (%) 59+0.8 6.1+1.3 0.15
Cardiovascular Score 1.68+1.1 1.64+1.1 0.75
Homocysteine (pmol/l) 15 (12-18) 16 (14-20) 0.10
Vitamin B12 (pg/ml) 302 (247-387) 309 (263-283) 0.92
Folic acid (ng/ml) 6 (5-7) 5.9 (5.1-7) 0.78

Comorbidities
Hypertension (%) 56 58 0.97
Coronary heart disease (%) 14.2 13.5 0.86
Diabetes (%) 14.8 20.1 0.15
Stroke (%) 4.1 5.3 0.64
COPD (%) 6.1 6.1 0.98

MRI parameters
Cortical lesions (%) 13.6 12.8 0.67
Single lacunar lesion (%) 7 8 0.72
Multiple lacunar lesions (%) 42 31 0.04
Leukoaraiosis (%) 33 42 0.14
Atrophy (%) 49 57 0.21

Continuous variables are expressed as mean+SEM or median (interquartile range). Categorical variables
are expressed as percentage within group

MMSE mini mental state examination, GDS global deterioration scale, JADL instrumental activities of
daily living, BADL basic activity of daily living, HDL-C high density lipoprotein cholesterol, Hs-CRP
high-sensitivity C-reactive protein, HbA Ic hemoglobin Alc

rate of progression (49%), and predominantly progressed
to LOAD (33%) or “mixed” dementia (44%). Conversely,
naMCI showed a lower rate of conversion (28%), and mainly
evolved to VD (25%) or “mixed dementia” (43%). These
findings are in good agreement with previous observations
[18, 19]. However, as previously noted by Fischer et al.
[20], the subtypes of MCI were not very useful in defining
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with precision the evolution to different types of dementia;
indeed, both aMCI and naMCI progressed to LOAD, while
the evolution to VD was not restricted to naMCI.

Age was another independent predictor of MCI conver-
sion, with an increase of the risk of 5% per year at multivari-
ate analysis. In particular, individuals with age > 78 years
(median age in our sample) had an 87% risk increase
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Table 2 Principal characteristics

° Amnestic MCI (n 292) Non-amnestic MCI (n 170) )4
of the sample according to MCI
type Demographics

Age (years) 77.7+5.6 76.2+5.8 0.01
Female gender (%) 57 61 0.24
Education (years) 6.0+3.4 6.1+3.6 0.77
Active smoking (%) 8.5 8.1 0.96

Cognitive and functional status
MMSE (/30) 24.6+2.7 242433 0.18
GDS (/15) 4 (3-6) 5 (3-6) 0.05
BADLs (/6) 54+1.0 52+1.3 0.85
TIADLs (/8) 59+2.4 5.6+2.7 0.40

Clinical chemistry parameters
Haemoglobin (g/dl) 13.1+1.4 13.1+14 0.98
Creatinine (mg/dl) 1.01+0.27 0.94+0.29 0.74
Uric acid (mg/dl) 50+1.8 53+14 0.41
Albumin (g/dl) 4.0+0.37 4.0+0.31 0.61
Total cholesterol (mg/dl) 207 +45 207 +40 0.97
Tryglicerides (mg/dl) 117+54 116 +57 0.82
HDL-C (mg/dl) 61+15 58+29 0.28
Hs-CRP (mg/dl) 0.15 (0.10-0.25) 0.20 (0.14-0.38) 0.02
Glycemia (mg/dl) 98+18 103 +40 0.11
HbAlc (%) 59+0.8 6.1+1.3 0.15
Cardiovascular Score 1.66+1.2 1.70+1.1 0.68
Homocysteine (pmol/l) 15 (12-19) 15 (13-18) 0.40
Vitamin B12 (pg/ml) 308 (252-391) 322 (278-390) 0.18
Folic acid (ng/ml) 5.9 (4.9-7.1) 6.1 (5.1-7.3) 0.46

Comorbidities
Hypertension (%) 56 58 0.97
Coronary heart disease (%) 13.7 14.2 0.81
Diabetes (%) 17.6 14.5 0.37
Stroke (%) 4.3 4.9 0.78
COPD (%) 6.6 6.2 0.83

MRI parameters
Cortical lesions (%) 13.5 12.0 0.64
Single lacunar lesion (%) 8 7 0.77
Multiple lacunar lesions (%) 33 37 0.68
Leukoaraiosis (%) 36 40 0.45
Atrophy (%) 56 52 0.43

Continuous variables are expressed as mean+ SEM or median (interquartile range). Categorical variables
are expressed as percentage within group

MMSE mini mental state examination, GDS global deterioration scale, JADL instrumental activities of
daily living, BADL basic activity of daily living, HDL-C high density lipoprotein cholesterol, Hs-CRP
high-sensitivity C-reactive protein, HbAIc hemoglobin Alc

compared with younger subjects. This finding was expected
since the incidence of dementia has been associated with age
in MCI individuals [18, 21-23].

The degree of the cognitive impairment at baseline was
also strongly associated with the progression to demen-
tia; a reduction of 1 point in MMSE score was indepen-
dently associated with a 16% increase in the risk of pro-
gression. Individuals with MMSE score < 25/30 (median

value in our sample) displayed an increase of 151% in the
risk of developing dementia compared with subjects with
MMSE > 25/30. Although our results are in agreement
with previous studies [18, 24-26], it has to be noted that
a metanalysis by Arevalo-Rodriguez et al. [27] found that
the accuracy of baseline MMSE score for conversion to
dementia generally was low, with a sensitivity of 23-76%
and specificity of 40-94%.
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Table 3 Univariate Cox regression models for conversion of MCI to
dementia

Variables B (SE) HR 95% C1 P
Age (1 year) 0.057 (0.015) 1.06  1.02-1.09  0.0001
MMSE (1 point)  —0.12(0.027) 0.88 0.84-0.93  0.0001
aMClI type 0.87 (0.21) 2.38 1.56-3.62  0.0001
GDS score

04 - 1 -

5-10 —0.28 (0.20) 0.75  0.50-1.11

>10 —0.16 (0.30 0.85 047-1.54 0.35

MMSE mini mental state examination, GDS global deterioration
scale, SE standard error, HR hazard ratio, CI confidential index

Based on these findings, we created a simple individual
prognostic score based on the presence of three parameters
including aMCI type, age > 78 years, and MMSE < 25/30.
The score stratified our MCI population in four group with
increasing risk of future evolution to dementia:

— MCI patients with score 0 (13% of sample) had a very
low probability of evolution to dementia, with a very
high negative predictive value (0.94). Of consequence,
they should be reassured and followed in a less pressing
way compared with individuals with higher scores.

— MCI patients with score 1 (28% of sample) had a low
probability of evolution to dementia, with a high negative
predictive value (0.69).

— MCI patients with score 2 (42% of sample) had an inter-
mediate probability of progression, with a high positive
predictive value (0.53).

— MCI patients with score 3 (17% of sample) had a high
probability of progression, with a high positive predictive
value (0.72). These subjects should be deeply investi-
gated to exclude a possible underlying diagnosis of ini-
tial dementia. Moreover, these patients might gain much
more benefit from specific therapies, although at present
no drugs are specifically approved for MCI treatment.

We also calculated a cardiovascular risk score based on
well-known risk factors and vascular comorbidities (CHD
and stroke). Although the cardiovascular risk has been
associated with both MCI [28], and progression from MCI

to dementia [29] in our sample the cardiovascular risk
score was not predictive of the progression to dementia.

Finally, we must acknowledge an important limita-
tion of the study. In evaluating the risk of progression to
dementia we did not include some comorbidities among
possible confounders, such as heart failure and atrial fibril-
lation. Indeed, a continuum among hypertension, coronary
artery disease, atrial fibrillation, and chronic heart failure
with the development of cognitive impairment and pro-
gression to dementia has been hypothesized [30]. Moreo-
ver, it has been demonstrated not only that atrial fibrilla-
tion predicts evolution to dementia in elderly subjects with
MCI, but also that ventricular rate response seems to play
a key role in dementia incidence among patients with atrial
fibrillation [31].

We would also underline some strength of the study,
in particular the large size of the MCI sample (over 450
individuals) and the length the follow-up (median length
33 months).
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Fig. 1 Prognosis of dementia by number of predictors (0-3) including
age> 78 years, MMSE < 25/30, and amnestic type of MCI

Table 4 Multivariate Cox

. : Variables B (SE) HR 95% CI R squared Total R squared p
regression model (stepwise
forward Wald) for conversion of 1 MMSE —0.164(0.034) 084  0.79-090  24.73 24.73 0.0001
MCl to dementia 2. aMCI type 0.827 (0268) 235  139-398 1320 37.93 0.0001
3. Age 0.057 0.021)  1.05  1.01-1.10 7.50 45.44 0.0001

Adjusting covariates: age, sex, MCI type, MMSE (continuous variable), education

MMSE mini mental state examination, SE standard error, HR hazard ratio, CI confidential index
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Conclusion

In conclusion, we have described a simple score, based
on previously recognized predictors such as age, MMSE
score, and type of MCI, which may be useful for an ini-
tial stratification of the risk of progression to dementia in
patients affected by MCI. The score might help the cli-
nician to evaluate the need for more expansive/invasive
examinations and for a closer follow-up in MCI patients.
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