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Abstract

Purpose To assess the impact of long-term use of different drugs commonly prescribed in Alzheimer’s disease (AD) on its
clinical course and to identify clinical and therapeutic factors associated with a delay in AD progression.

Methods We retrospectively enrolled 50 patients visited at the Neurology Unit, Careggi University Hospital (Florence),
followed for at least 24 months. AD diagnosis was made according to clinical diagnostic criteria for probable/possible AD
dementia, always supported at least by one biomarker. Clinical features, MMSE scores evaluated at diagnosis and every
6 months, and AD drugs used for at least 6 months, were recorded. Cox regression analysis was performed to estimate the
hazard ratio (HR) for AD progression, assuming as the “final event,” the progression to a more severe disease stage, defined
as the achievement of an MMSE score less than 10.

Results At baseline, the median MMSE score was 22. During follow-up (median of 41 months), 56% of patients progressed
to a more severe disease stage. The use of memantine, either alone (HR 0.24; 95% CI 0.09-0.60) or combined with acetyl-
cholinesterase inhibitors (HR 0.35; 95% CI 0.14-0.88) and a higher MMSE score at baseline (HR 0.82; 95% CI 0.70-0.96)
were associated with a significantly lower risk of AD progression.

Conclusion Nowadays, effective disease-modifying therapy for AD is missing. Nevertheless, when the diagnosis is estab-
lished, our results support the advantage of long-term use of available pharmacological treatments, especially in combination,
in delaying AD progression to its more severe disease stage.

Keywords Alzheimer’s disease - Progression - Acetylcholinesterase Inhibitors - Memantine - Dementia

Introduction

Nowadays there is no cure for Alzheimer’s disease (AD)
dementia and maximizing the effects of the currently avail-
able pharmacological treatments could be crucial to slow
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AD progression. Acetylcholinesterase inhibitors (AChEIs)
such as donepezil, rivastigmine and galantamine and the
N-methyl-D-aspartate (NMDA) receptor antagonists such
as memantine are usually prescribed in AD. Guidelines by
the European Federation of Neurological Societies (EFNS)
recommend initially AChEIs as the standard of care for the
treatment of mild to moderate AD, whereas memantine is
recommended for the treatment of moderate to severe AD
[1]. At a moderate disease stage, AChEIs can be combined
with the memantine to exert a complementary and synergis-
tic action [2]. Recent evidence confirmed the efficacy and
safety of these medications in AD dementia [3, 4]. Anyway,
conclusions of Cochrane reviews underline a moderate level
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of evidence of these results and argue that long-term effects
of these medications should be confirmed [5-7]. Controver-
sies on the impact of Selective serotonin reuptake inhibitors
(SSRIs) in the clinical course of AD exist [8—11], whereas
the use of antipsychotics (APs) and benzodiazepines (BZDs)
has been associated with a worse outcome [12—-14].

This retrospective cohort study aimed to assess the impact
of long-term use of different drugs commonly prescribed in
Alzheimer’s disease (AD) on its clinical course and to iden-
tify clinical and therapeutic factors associated with a delay
in the AD progression.

Methods
Study design and population

We conducted a retrospective cohort study on 50 patients
affected by AD dementia evaluated for the first time at the
Neurology Unit, Careggi University Hospital (Florence)
between 2014 and 2016. According to routine clinical prac-
tice, all patients received follow-up visits every six months.

Clinical diagnosis of probable/possible AD was made
according to the McKhann criteria [15]. The study cohort
included patients with: 1) diagnosis supported by at least
one biomarker; 2) baseline Mini-Mental State Examination
(MMSE) score equal or more than 15; 3) follow-up length
of 24 months or over; and 4) prescription of specific treat-
ments for cognitive decline (AChEIs and/or memantine).
In detail, we enrolled exclusively patients that showed a
typical parieto-temporal hypometabolism on 18-fluorode-
oxyglucose positron emission tomography (FDG-PET) and/
or an amyloid accumulation on Amyloid-PET (Amy-PET)
and/or a cerebrospinal fluid (CSF) AD-like pattern. Patients
were excluded if a stroke was documented at the onset of
the cognitive symptoms or when a high vascular load was
detectable on the brain imaging (Fazekas score above 2) [16]
and in case of secondary causes of dementia. All procedures
performed in the study were in accordance with the Helsinki
Declaration, and the study protocol was approved by the
local Ethics Committee (reference 17951_oss). Patients or
their caregivers gave their informed consent to participate
in the study.

Data source

We retrospectively retrieved data related to baseline clinical
parameters and examinations, including neuropsychological
examination, brain CT scan or conventional MRI. Results
related to AD-biomarkers were also collected to assess the
inclusion eligibility. For a subgroup of patients, informa-
tion on Apolipoprotein E (ApoE) genotype was also avail-
able. We retrieved information related to comorbidities, in
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particular, vascular risk factors such as hypertension, glu-
cose intolerance/diabetes, hypercholesterolemia, smoke
assessed at baseline. Then, we considered that the presence
of 3 or more severe comorbidities, assessed with the modi-
fied cumulative illness rating scale [17], might significantly
impact the progression of AD. Moreover, information on the
assumption of concomitant medications was also collected.
We further retrieved data related to the MMSE (range of
scores 0-30; higher score indicating a better cognitive level)
[18], to the basic activities of daily living (BADL) (range
of scores 0-6; higher score indicating a better functional
level) [19] and to AD pharmacological treatments, in par-
ticular about the start of treatment, discontinuation, switch-
ing between medications and adverse drug reactions (ADRs)
collected at each follow-up visit with a standard interview.
We considered only treatments regularly used for at least
6 months. AD treatments with a duration less than 6 months
were not included in our analysis, as their possible impact on
AD clinical course was considered negligible.

Outcomes

The impact of AD treatments on the clinical outcome was
assessed in terms of AD progression; thus, the primary
outcome was defined as the progression to the more severe
disease stage, detectable by the achievement of an MMSE
score less than 10, as established by the Italian Medicines
Agency (AIFA https://www.aifa.gov.it/nota-85). Indeed, in
our study the MMSE score was used both to classify the
severity of disease and to measure cognitive changes, assum-
ing the progression to the more severe stage of disease as
the “final event.” Then, the disease stage was defined as fol-
lows: mild dementia for MMSE score between 26 and 21;
moderate dementia for MMSE score between 20 and 10;
severe dementia for MMSE score less than 10. Basing on the
progression or not to the more severe disease stage, partici-
pants were defined as “Progressors” (achievement of MMSE
score less than 10 in the follow-up) and “Non-Progressors"
(missing achievement of this cut-off). For the Progressors
group, the follow-up length was defined as the time inter-
val between the baseline visit and the “final event.” For the
Non-Progressors group, the follow-up length was defined
as the time interval between the baseline visit and the last
recorded visit.

Statistical analysis

Analyses were carried out using STATA (StataCorp. 2017.
Stata Statistical Software: Release 15. College Station, TX:
StataCorp LLC). The sample size was calculated on the "disease
progression” outcome defined as achieving an MMSE score
less than 10. In particular, it was assumed that the proportion of
patients who progress in the follow-up to the more severe stage
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of the disease is 48% among patients treated pharmacologically
with AChEIs/Memantine for at least 6 months and 88% among
untreated patients. Based on this estimate, the enrollment of 50
cases is sufficient to guarantee a power of 80%, with an alpha
error equal to 0.05. The enrollment of this sample appeared
feasible also on the basis of what is expected from clinical data,
as at least two factors limit the sample size: a follow-up duration
of at least 24 months, the presence of biomarkers as diagnostic
support. Characteristics of Progressors and Non-Progressors
were compared with nonparametric tests, using the Fisher test
for categorical variables and the Mann—Whitney U test for
continuous variables. Univariate Cox regression models were
fitted to estimate the hazard ratio (HR) (95% Confidence Interval,
CI) of AD progression in relation to age, gender, education,
baseline MMSE score, ApoE status, type of AD presentation,
vascular risk factors, comorbidities and medications.

Multivariate Cox regression models were also fitted: co-
variates were chosen based on univariate analysis; moreo-
ver, age, sex, use of AChEIs and SSRIs were also included
among co-variates, due to their clinical relevance. For each
parameter, the analysis was made only on subjects with
available data, without imputing missing data. In order to
show the rate of progression to a more severe disease stage
over time, different Kaplan—Meier curves were generated
in relation to pharmacological treatment. Finally, the cor-
relation between MMSE and BADL scores obtained at the
end of follow-up was assessed with the Spearman's rank
correlation coefficient.

Results
Characteristics of the study population

Fifty outpatient participants were included in the study
(Table 1), 31; (62%) were female, the median age at baseline
was 70.3 years (Interquartile Range, IQR 64.6-77.7), and the
median years of education was 8 (IQR 5-13). Fifty-seven
percent of patients carried at least one ApoE e4.

The median baseline MMSE score was 22 (IQR 19-25)
and was significantly higher in Non-Progressors as com-
pared to Progressors (24 (22-25) and 21 (19-23), p=0.006,
respectively).

Thirty-two participants were affected by mild AD, 18 by
moderate AD: cases enrolled as moderate AD at baseline,
progressed most frequently at follow-up compared to mild
AD cases (p=0.036). All cases were defined as functional
independent based on their baseline BADL score, anyway,
according to McKhann criteria, a decrease in the ability to
function at work or in their usual activities compared to the
previous level had been documented at the inclusion.

Clinical presentation of disease was typical in the
majority of cases (66%). The atypical presentation was

more common in Progressors than in Non-Progressors
(50% vs 14%, p=0.008) and mostly represented by the
“logopenic variant” (82%). Dyslipidemia, current or
past cigarettes smoking and hypertension were the most
frequently observed vascular risk factors, and 38% of
patients were affected by 3 or more moderate to severe
comorbidities. During a median follow-up of 41 months
(IQR 30-56), 28 (56%) patients progressed to a more
severe disease stage. Final MMSE and ADL scores were
significantly different between Progressors and Non-
Progressors MMSE =7 vs MMSE =18, p<0.001; ADL =
3 vs ADL=6, p<0.001, respectively).

Long-term pharmacological treatments (over
6 months)

AChEIs, SSRIs and memantine were the most frequently
prescribed medications, the percentage of users ranging
between 64% (memantine) and 88% (AChEISs) (Table 2). No
significant difference in pharmacological treatments was
found between Progressors and Non-Progressors, with the
exception of the combination AChEIs with memantine, which
was prescribed in 50% of cases and was significantly more
used in Non-Progressors (68% vs 36%, p=0.045). All patients
assumed at least one drug (AChEIs or memantine) or both for
6 months or over, in 98% of cases at full dose (donepezil 10 mg,
rivastigmine transdermal patch 9.5 mg/13.3 mg, memantine
20 mg). In 40/44 cases (90%) AChEIs were prescribed as first-
line therapy. Regarding AChEIs, donepezil was continuously
prescribed in 23 out of 44 cases, transdermal rivastigmine in 20
out of 44 cases and oral rivastigmine in 1 case. The combined
therapy was prescribed mostly at a moderate level of cognitive
decline (19/25), whereas in 6 cases was prescribed at a mild
level of impairment basing on a relevant worsening referred
by the caregiver or documented by an MMSE score decrease.
Discontinuation before 6 months (for all causes) in medication
intake was higher in Progressors compared to Non-Progressors
and the difference was significant for the combined therapy
(4/14 vs 0/15, p=0.042, Table 2). The combined therapy
was discontinued before 6 months/not prescribed in 50% of
cases, mainly due to these reasons: contraindications (n="6),
ADR (n=5), absence of indications basing on the level of
impairment (n=4), low compliance (n=1); in 9 cases, the
reason for nonprescription was not clearly identifiable. SSRIs
were largely used (68%), in association or not, whereas only
14% and 8% of participants received APs and BZDs for at
least 6 months, respectively. Concomitant treatments used
to control vascular risk factors were continued during the
follow-up: antihypertensives (48%), statins (48%), antiplatelets
(40%), anticoagulants (10%), antidiabetics (6%). ADRs and
switching between AChEIs have been reported and described
in Supplementary Table 1.
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Table 1 Baseline characteristics of the study cohort, follow-up length, baseline and final MMSE and BADL scores

Total cohort Progressors Non-Progressors p-value*
N (% out of 50) N (% out of 28) N (% out of 22)
Gender
Male 19 (38) 10 (36) 9 41) 0.770
Female 31 (62) 18 (64) 13 (59)
Age at baseline
Median (IQR) 70 71 70 0.740
(65-78) (64-78) (64-78)
Years of education
Median (IQR) 8 (5-13) 8 (5-13) 8 (5-11) 0.380
MMSE at baseline
Median (IQR) 22 (19-25) 21 (19-23) 24 (22-25) 0.006*
Level of cognitive decline (baseline)
Mild AD 32 (64) 14 (50) 18 (82) 0.036*
Moderate AD 18 (36) 14 (50) 4 (18)
BADL at baseline
Median (IQR) 6 (6-6) 6 (6-6) 6 (6-6) 1
APO E €4 carriers
(13 missing data) 21 (57) 11 (52) 10 (63) 0.780
Biomarker availability
FDG-PET 44 (88) 26 (93) 18 (82) 0.385
Amy-PET 22 (44) 11 (39) 11 (50) 0.568
CSF analysis 17 (34) 9 (32) 8 (36) 0.773
Type of AD presentation
Typical 33 (66) 14 (50) 19 (86)
Atypical 17 (34) 14 (50) 3(14) 0.008*
Vascular risk factors
Hypertension 23 (46) 10 (36) 13 (59) 0.153
Diabetes/IGT 8 (16) 5(18) 3(14) 1.000
Current or past cigarettes smoking 22 (58) 13 (68) 9 47) 0.325
(12 missing data)
Dyslipidemia 33 (66.0) 17 (61) 16 (73) 0.548
Sleep disorders 13 (29) 6 (25) 7(33) 0.743
(5 missing data)
3 or more moderate to severe comorbidities 19 (38.0) 8(29) 10 (45) 0.250
Follow-up, months
Median (IQR) 41 (30-56) 38 (28-46) 50 (30-61) 0.085
MMSE at last follow-up
Median (IQR) 9 (7-17) 7 (5-8) 18 (14-22) <0.001*
BADL at last follow-up
Median (IQR) 4 (3-6) 3(2-5) 6 (4-6) <0.001*

MMSE Mini-Mental State examination, BADL basic activities of daily living, CSF cerebrospinal fluid, /GT impaired glucose tolerance, /QR
interquartile range

*p-value comparisons between Progressors and Non-Progressors; *statistically significant for p <0.05.

Risk of progression higher MMSE score at baseline (HR 0.85 (0.75-0.96))

and the use of memantine, alone (HR 0.34 (0.16-0.72))
Regarding patients’ clinical characteristics, a higher level ~ or in combination with AChEIs (HR 0.30 (0.14-0.68))
of education and an atypical presentation of AD were  were associated with a lower risk of progression (Table 3).
significantly associated with AD progression (HR 1.04  Results from the adjusted analysis confirmed that a higher
(1.02-1.07) and 2.58 (1.21-5.47), respectively), while a baseline MMSE (HR 0.82 (0.70-0.96)) and the assumption
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Table 2 Comparison of

h Total cohort Progressors Non-Progressors  p-value*
pharmacological treatments N (% out of 50) N (% out of 28) N (% out of 22)
between Progressors and Non-
Progressors. In each row: above AChEIs
tlhfn‘;;ih"fggzgr?fefl‘]’:e"gft‘;: oFor at least 1 month 46 (92) 26 (93) 20 (91) 1.000
drug for at least 6 months eFor at least 6 months 44 (88) 24 (86) 20 91) 0.683
Memantine
eFor at least 1 month 35 (70) 18 (64) 17 (77) 0.367
eFor at least 6 months 32 (64) 15 (54) 17 (77) 0.137
AChEIs and memantine
eFor at least 1 month 29 (58) 14 (50) 15 (68) 0.253
eFor at least 6 months 25 (50) 10 (36) 15 (68) 0.045*
SSRIs
eFor at least | month 37 (74) 21 (75) 16 (73) 1.000
eFor at least 6 months 34 (68) 18 (64) 16 (73) 0.559
APs
eFor at least 1 month 9 (18) 6(21) 3(14) 0.713
eFor at least 6 months 7(14) 5(18) 209 0.444
BZDs 4(8) 3(11) 1(5) 0.621
eFor at least 1 month 4 (8) 3(11) 1(5) 0.621
eFor at least 6 months 4 (8) 3(11) 1(5) 0.621
Antiepileptics 4(8) 3(11 1(5) 0.621
eFor at least 1 month 4 (8) 3(11 1(5) 0.621
eFor at least 6 months 3(6) 2(7.1) 1(5) 1.000
Levodopa 3(6) 0 3(14) -
eFor at least 1 month 3(6) 0 3(14) -
eFor at least 6 months 3(6) 0 3(14) -
Other drugs for at least 6 months
Antihypertensives 24 (48) 11 (39) 13 (59) 0.254
Statins 24 (48) 12 (43) 12 (55) 0.569
Antiplatelets 20 (40) 13 (46) 7(32) 0.387
Anticoagulants 5(10) 31D 209 1.000
Antidiabetic drugs 3(6) 1(3.6) 209 0.576

AChEIs Acetylcholinesterase inhibitors, SSRIs Selective serotonin reuptake inhibitors, APSs Antipsychot-

ics, BZDs Benzodiazepines

*p-value comparisons between Progressors and Non-Progressors; *statistically significant for p <0.05

of memantine alone (HR 0.24 (0.09-0.60)) or in combina-
tion with AChEIs (HR 0.35 (0.14-0.88)) were associated
with a significantly lower risk of AD progression (Table 3
and Fig. 1). No impact of statins on AD progression was
found. A statistically significant correlation was found
between the MMSE and BADL scores obtained at the end
of follow-up (p <0.0001, Spearman’ rank correlation coef-
ficient 0.641, 95% CI 0.44-0.780).

Discussion

This retrospective study aimed to assess the impact of long-term
use of different drugs commonly prescribed in AD dementia on
its clinical course and to identify clinical and therapeutic factors

associated with the progression of AD. Baseline characteristics
of Progressors and Non-Progressors significantly differed in
the median MMSE score and in the type of AD presentation.
The use of the combined therapy during the follow-up was also
significantly different between the two groups. The median
MMSE score was higher in Non-Progressors, indicating a less
severe disease stage in this group at baseline. In this regard, the
severity of dementia is one of the main factors associated with
faster clinical deterioration [20-22]. In our sample, atypical
AD presentation, mostly represented by the logopenic variant
(82%), was more frequent among Progressors (50%). Compared
to AD typical cases, language impairment, characteristic of
logopenic patients, could have had a significant impact on
MMSE score, resulting in detection of a faster decline. In this
regard, previous studies reported the “hippocampal sparing”
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Table 3 Risk of Alzheimer’s disease progression (MMSE score < 10) according to clinical and therapeutic features

Unadjusted HR p-value Adjusted HR p-value
95% CI) 95% CI)
Gender Female (Male Ref.) 1.22 0.616 1.09 0.841
(0.56 - 2.65) (0.46 - 2.63)
Age at baseline 0.98 0.472 0.98 0.508
(0.93-1.04) (0.92 -1.04)
Years of education 1.04 0.001* 1.03 0.098
(1.02 -1.07) (1.00 - 1.06)
MMSE at baseline 0.85 0.011* 0.82 0.014*
(0.75 -0.96) (0.70 - 0.96)
APOE 0.56 0.195 -
(0.23 -1.34)
Atypical presentation of AD (Typical presentation Ref.) 2.58 0.014%* 1.71 0.228
(1.21-5.47) (0.71 -4.09)
Risk factors for AD
Hypertension 0.56 0.142 -
0.25-1.22)
Diabetes/ITG 0.77 0.607 -
(0.29 - 2.06)
Smoke (current or past) 1.43 0.472 -
0.54-3.77)
Dyslipidemia 0.59 0.172 -
(0.27 - 1.26)
Overweight/Obesity 0.15 0.067 -
(0.02-1.15)
Sleep disorders 0.74 0.514 -
(0.29 - 1.85)
Three or more serious comorbidities 0.63 0.275 -
(0.28 — 1.44)
AChEIs use 0.77 0.631 0.58 0.461
(0.26 — 2.26) (0.14 - 2.46)
Memantine use 0.34 0.005%* 0.24 0.002%*
(0.16 - 0.72) (0.09 - 0.60)
Combination of AChEIs and memantine use 0.30 0.004* 0.35 0.017*
(0.14 - 0.68) (0.14-0.88)
SSRIs 0.58 0.172 0.75 0.573
(0.26 - 1.27) (0.27 -2.05)
APs 0.74 0.550 -
(0.28 -1.97)
BZDs 1.32 0.650 -
(0.39 — 4.45)
Statins 0.76 0.483 -
(0.35-1.64)

CI confidence interval, /GT impaired glucose tolerance, AChEILs Acetylcholinesterase inhibitors, SSRIs Selective serotonin reuptake inhibitors,

APs Antipsychotics, BZDs Benzodiazepines

*p-value related to unadjusted analysis (third column) and to adjusted analysis (fifth column) statistically significant for p <0.05. HR: hazard

ratio

presentation (non-amnestic) of disease as more aggressive
in comparison with the typical one [23]. Non-Progressors
generally discontinued less their treatments and more frequently
assumed AChEIs and memantine in combination, suggesting
a beneficial effect of these concomitantly administered drugs.
According to their indications [24], AChEIs and memantine
were widely prescribed in our clinic and administered to

@ Springer

patients mainly for at least 6 months. For AChEIs, the same
prescription rate was observed in a previous study that involved
88 Italian Alzheimer Evaluation Units [25]. Pharmacological
treatments have been prescribed following recommendations
and/or international guidelines, which recommend starting
the therapy with a dose up-titration regimen of AChEIs and,
eventually, applying a switch between AChEIs in case of ADRs.
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AChEIs and memantine have been combined in moderate to
severe dementia or in cases of worsening. In our sample, the
reason for the nonprescription of the combined therapy was
not always retrospectively identifiable, and it was possibly
due to the variability in patient management by neurologists.
Indeed, a different predisposition in detecting an ongoing or
imminent worsening may have influenced the timeline of drugs’
prescription or treatment with a single drug may have been
preferred, at a single-subject level, to avoid pharmacological
interactions. Of note, the EFNS guidelines on the
recommendation for using the combined therapy in moderate
to severe AD [2] are relatively recent and they were not in use
before 2015. Regression analysis showed that some clinical
factors such as education, baseline MMSE score, presentation
of disease and use of specific treatments influenced the clinical
course of AD. In agreement with the cognitive reserve theory
[26], higher education was associated with a faster decline. Also,
an atypical presentation of disease was associated with a faster
decline, as reported by some Authors [23]. ApoE genotype,
gender, age at onset, vascular risk factors, other comorbidities
and sleep disturbances did not influence the clinical course. In
this regard, the impact of the ApoE &4 genotype has not always
been associated with a faster decline [21, 27, 28]. Moreover, the
effect of the above-mentioned variables on AD progression is
still contradictory [29], and the role of ApoE genotype, together
with that of vascular risk factors and sleep disorders, could be
more significant in relation to the AD onset, instead of AD
progression. In our sample, a higher MMSE score at baseline
and the assumption of memantine alone or in combination with
AChEIs were associated with a slower progression. Usually,
due to their different indications based on disease stage and
their different mechanism of action, AChEIs and memantine
cannot be directly compared in terms of effectiveness.
Moreover, some patient- or drug-related factors could affect
treatment response. In this regard, response to AChEIs can be
influenced by genetic polymorphism or concomitant vascular
load/hippocampal atrophy of patients and by specific drug
pharmacological properties [24, 30, 31]. On the contrary,
the response to memantine could be less dependent on these

factors [32]. Despite recommendations on AChEIs use, some
evidence suggests the opportunity to continue AChEIs for a
long period [33] [34] even in the absence of an initial clinical
improvement because a long-term response is frequent in the
initial “non-responders.” The efficacy of memantine alone or
in combination with AChEIs on cognitive symptoms has been
confirmed in moderate to severe stages of disease [2, 4, 7].
Anyway, long-duration trials are needed to establish whether the
benefit persists beyond 6 months, as suggested by some Authors
[35] and to determine whether starting memantine earlier would
be beneficial [7]. SSRIs, APs and BZDs did not impact the AD
course in our study. Literature data on the effect of SSRIs on
AD course are controversial. SSRIs have been associated with
a delayed AD conversion in Mild Cognitive Impairment cases
previously affected by depression [8]. However, SSRIs use has
been associated with an increased risk of dementia in older
adults [9]. Thus, the possible impact on the clinical course of
AD is debated [10, 11] and the controversy may depend on
the presence of depression as a possible confounding factor.
Differently, the use of APs has been associated with mortality
in older persons with AD [12, 13] and the use of BZDs with
further cognitive impairment and serious ADRs [14]. In our
study, the absence of a negative effect of these medications on
the clinical outcome could depend on their low prescription
rate. Additionally, the impact of statins on AD progression
was also evaluated and, according to recent reports, no relation
with slowing progression was found [36, 37]. At the study end,
cognition and functionality were highly correlated, as expected
[38, 39], implying that patients with the lowest MMSE score
were also those with greater functional impairment and, in
consequence, with higher family burden.

Our results have some points of strengths, in particular
diagnosis of dementia was supported by at least one
biomarker, increasing the diagnostic accuracy and confidence
toward AD etiology. Differently from other studies, we
evaluated the potential impact of different drugs on the
clinical course of AD, considering the effect of each drug
only if its use was superior to 6 months, focusing the attention
on long-term effects and assuming as the final event the
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progression to a more severe cognitive decline (MMSE < 10)
that is characterized also by significant functional
impairment. Moreover, the impact of combined therapies
was also assessed. As a consequence of including cases with
at least one diagnostic biomarker and with long follow-up,
the major limitation of the study was the small sample
size. In agreement with this decision, we could not stratify
our analysis by each AChEI. Unfortunately, as reported in
Table 1, there are 13 missing data for ApoE polymorphism;
this could have reduced the accuracy in the estimation of
ApoE genotype impact on the clinical course. Moreover,
intercurrent acute health issues (such as bone fracture,
surgical intervention, infectious diseases) have not been
taken into account as potential factors capable of modifying
the rate of AD progression. However, the frequency of the
aforementioned acute health issues was similar between
Progressors and Non-Progressors (p=0.108).

In conclusion, our results support the usefulness of long-
term use of currently available pharmacological treatments,
especially in combination, in delaying AD progression to
the more severe disease stage. Further research is needed
to understand whether early combined treatments may offer
additional benefits in routine clinical practice. We recom-
mend verification and replication of our findings in larger
studies with a prospective design, including a control group
in order to confirm a causal relationship between drug
assumption and a better course of the disease.
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