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Abstract.
Background: There exists considerable variation in disease progression rates among patients with Alzheimer’s disease (AD).
Objective: The primary objective of this observational study is to assess the progression of AD by characterizing cognitive,
functional, and behavioral changes during the follow-up period between 6 and 24 months.
Methods: A longitudinal prospective study with community-dwelling patients with an established clinical diagnosis of AD
of mild to moderate severity was conducted in Germany, Spain and the UK. A sample of 616 patients from 69 sites was
included.
Results: Patients had a mean of 1.9 years (SD = 1.9) since AD diagnosis at study inclusion. Cognitive symptoms were reported
to have first occurred a mean of 1.1 years (SD = 1.7) prior to AD diagnosis and 1.4 (SD = 1.8) years prior to AD treatment.
Patients initially diagnosed with mild and moderate AD spent a median (95% CI) of 3.7 (2.8; 4.4) and 11.1 (6.1, ‘not reached’)
years until progression to moderate and severe AD, respectively, according to the Mini-Mental State Examination (MMSE)
scores. A mixed model developed for cognitive, functional, and neuropsychiatric scores, obtained from study patients at
baseline and during follow-up period, showed progressive deterioration of AD patients over time.
Conclusion: The study showed a deterioration of cognitive, functional, and neuropsychiatric functions during the follow-up
period. Cognitive deterioration was slightly faster in patients with moderate AD compared to mild AD. The duration of
moderate AD can be overestimated due to the use of retrospective data, lack of availability of MMSE scores in clinical charts
and exclusion of patients at time of institutionalization.
Keywords: Alzheimer’s disease, dementia, disease progression, real-world

INTRODUCTION
The worldwide prevalence of dementia is rapidly
increasing as higher life expectancy rates continue to expand the proportion of the elderly (≥ 65
∗ Correspondence to: Farid Chekani, Merck & Co., Inc., 2000
Galloping Hill Rd., Kenilworth, NJ, 07033 USA. Tel.: +1 267
3054070; E-mail: farid.chekani@merck.com.

years) in the general population. The prevalence of
Alzheimer’s disease (AD), the most common type
of dementia, contributes to 50–75% of all dementia
cases worldwide [1]. Currently, around 40–50 million people globally are living with dementia, with
the numbers forecasted to double every two decades,
and eventually expected to exceed 100 million by
2050 [2, 3]. Results from two recent meta-analyses
suggest overall prevalence of dementia in Europe is
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5–7% with variation observed across countries [4,
5]. National studies performed in the United Kingdom (UK) and Spain provide similar estimates in
term of prevalence of dementia, around 6–8% in the
UK [6] and 5% in Spain [7]. As of 2012, Germany
had 1.4 million dementia patients and was one of the
top 10 countries with the highest number of dementia cases worldwide [8]. Further evidence forecasts
a 40% increase in dementia prevalence in Europe
by 2030 [9]. AD results in an increasing burden to
society that rises in direct proportion to the number
of elderly persons in the population. Earlier identification, prevalence of comorbidities, and treatments
may affect AD trajectory and outcomes, including
resource utilization and healthcare costs [10, 11].
A mix of genetic, vascular, and lifestyle factors
(e.g., age, smoking, low educational attainment, head
injuries, diabetes, obesity, depression, and apolipoprotein (APOE) 4 are associated with increased
risk of AD: and, statin use, light to moderate alcohol intake, physical and cognitive activities, social
engagement, Mediterranean diet, and APOE 2 are
associated with decreased risk) modulate the risk of
developing AD [9, 12–15]. A progressive decline in
cognitive, behavioral, and functional skills is a key
characteristic of AD, which helps in establishing a
clinical diagnosis. Generally, functional impairment
follows cognitive decline; however, there is considerable variability in progression rates among AD
patients [16]. There are several studies performed to
assess risk factors associated to rapid AD progression
with variability of results. A recent meta-analysis to
assess the risk factors associated to rapid cognitive
decline concluded that APOE 4, early onset, early
appearance of extrapyramidal signs, high education
level, and neuropsychiatric conditions might increase
the risk of rapid cognitive decline while older age,
diabetes, and multidrug therapy decreased the speed
of cognitive decline in AD [17]. Earlier identification
of risk factors of AD, some of which are modifiable,
may alter the course of disease, which may expand
personal autonomy and reduce socioeconomic and
caregiver burden of AD.
Prospective observational studies are needed to
characterize disease progression and transition points
in terms of major care modifications, e.g., introduction of professional care and institutionalization. This
may reflect on associated costs of care in this patient
population according to the current medical practice.
The primary objective of this observational study
is to assess the progression of AD over time, assessed
by changes in patients’ cognitive and functional

impairment, and behavioral symptoms over a followup period between 6 and 24 months.
MATERIALS AND METHODS
Study design and participants
A longitudinal prospective cohort study with primary data collection of community-dwelling patients
(aged≥ 50 years) with an established clinical diagnosis of AD of mild to moderate severity was conducted
in Germany, Spain, and the UK. A total of 616 patients were enrolled at 69 different study sites along
with their primary caregivers (defined as spending
at least 7 hours a week caring for the patient) through neurologists, psychiatrists, and other specialists
regularly managing AD patients. Diagnosis and clinical management of AD was made according to
physicians’ routine clinical practice. Classification
of AD severity was made according to the National
Institute for Health and Clinical Excellence (NICE)
clinical guideline’s classification [18] based on the
Mini-Mental State Examination (MMSE) score (categorized as mild AD: 21–26 points; moderate AD:
10–20 points) [19, 20]. The Standardized MMSE
incorporated explicit guidelines and instructions for
administration and scoring of each item which
improved reliability by reducing test-retest variance
and inter-observer variance [21, 22].
Incident and prevalent mild to moderate AD
patients were included in the study between October
2016 and December 2017. Study inclusion required
that a reliable informant/caregiver agreed to attend
study visits and answer questions pertaining to the
patient. Additionally, patients had to be fluent and
literate in the main language of the country of residence. Patients with a diagnosis of mild cognitive
impairment, non-AD dementia, or patients without
primary caregivers were excluded from the study.
Patients were followed to assess cognitive and functional impairment and neuropsychiatric behavioral
progression for a period of between 6 and 24 months
after the enrolment of the first patient in the country.
Follow-up period in each country was finalized once
the first patient included in that country had reached
the 24 months follow-up period. Institutional review
boards (IRBs) approved the research protocol and
written informed consent was collected from each
patient/caregiver dyad.
At the baseline visit, socio-demographic information (for patient and caregiver), patient’s medical
history, comorbidities and treatment history, family
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history of dementia, mild and or moderate AD diagnosis date, current medication and non-medication
treatment interventions for AD were collected from
patients’ clinical charts. All retrospective data prior
to baseline (patient’s medical history, AD diagnosis
date, family history, and prior medications used) were
abstracted from patients’ charts. The same measures,
with the exception of retrospective data, were collected at each 6-month visit (with a visit window of
± 3 months). The assessment of patients’ cognitive
and functional impairment and neuropsychological
behavioral symptoms was performed at baseline and
every 6 months using a unique battery of clinical outcome assessment (COA) instruments, that included
the MMSE and the AD Assessment Scale-Cognitive
subscale (ADAS-Cog) to measure cognitive impairment, the Neuropsychiatric Inventory-12 item scale
(NPI-12) to address the presence and extent of neuropsychiatric behavioral symptoms [23], and the AD
Cooperative Study-Activities of Daily Living Inventory 23-item (ADCS-ADL23) to measure functional
impairment [24]. Although MMSE and ADAS-Cog
have some limitations when being used in patients
with mild AD due to ceiling effect, they are considered the gold standard measures for cognitive
impairment assessment.
Statistical analysis
Statistical analyses were performed using SAS 9.2
(SAS Institute, NC, USA) software. Missing data
has been described, but imputation methods have not
been applied to maintain the use of real-world data.
Descriptive statistics are presented by overall patient
population and by AD severity at baseline (mild versus moderate). Comparisons by AD severity were
made using Pearson χ² test for categorical variables
and Wilcoxon signed-rank sum test for continuous
variables, using ␣ = 0.05 as the significance level. Due
to the variability in the follow-up period amongst
study patients and successive follow-up visits with
fewer and fewer patients, follow-up data, including
changes in the cognitive, functional, and neuropsychiatric scores from baseline, concentrate on 12- and
18-month data.
Disease progression was assessed according to the
changes obtained in MMSE scores during the followup period. Date of initial AD diagnosis and date of
moderate AD diagnosis (if applicable) were collected
and used to define time to progression. As initial or
moderate AD diagnosis could have happened prior
to the baseline visit, the time to progression could
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be longer than the current study follow-up period.
Based on MMSE, disease progression in mild patients
was defined when they reached the first MMSE score
corresponding to moderate disease (10–20), and in
moderate patients it was defined when they reached
the first MMSE score corresponding to severe ( < 10).
Time to disease progression was assessed using
Kaplan-Meier curves.
Finally, longitudinal data in each outcome (MM
SE, ADAS-Cog, ADCS-ADL23, and NPI-12) was
analyzed using mixed models for repeated measures
(MMRM) to ascertain the significance of difference
in the average levels of the study variable across time
by AD status. Mixed models made use of all available longitudinal data and accommodated unequal
numbers of observations per subject and unequal
intervals between follow-up assessments. Adjustment for putative confounders such as age, gender,
and others were considered. Model diagnostics such
as Akaike Information Criteria (AIC) were used to
assess the model fit.
RESULTS
Baseline characteristics
Overall, 616 mild to moderate AD patients and
their caregivers (dyads) were included in the study,
with 144 dyads enrolled from Germany (21 sites),
227 from Spain (25 sites), and 245 from the UK (23
sites). At baseline, 41.2% of patients were reported
to have mild AD and 58.8% had moderate disease.
Study follow-up in each country was stopped when
the first patient in the corresponding country reached
the 24 months of follow-up, as per study protocol.
By the time that study was terminated, five-hundred
patients (81.2%) participated in the month 6 visit,
338 (54.9%) at month 12, and 99 (16.1) at month
18. A total of 131 patients (21.2%) discontinued the
study, excluding those patients who did not achieve
the 24 months follow-up due to study termination.
Commonly reported reasons for discontinuation included withdrawal of patient/legal representative or
physician consent (25%), loss to follow-up (18%),
permanent institutionalization (17%), death (16%),
or other reasons (24%) (Fig. 1).
Patients recruited in the three countries had an
overall mean age of 77.5 years (SD = 7.0) (Table 1).
More than half of the patients were female, and
the majority were not employed/retired (86.0%) and
lived with a spouse/partner (75.3%). About one
third of patients had a reported history of smoking
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with the computed tomography (54.33%) and structural or functional magnetic resonance (38.19%)
being the most commonly used tests among those
patients that had at least one test performed since AD
diagnosis (Table 2).
Cognitive, functional, and neuropsychiatric
impairment progression by AD severity

Fig. 1. Study flowchart. n, number of patients; pts, patients.

and < 3% reported current smoking. Prevalence of
concomitant diseases (occurring in > 10% of the population) included: hypertension (43.0%), diabetes
mellitus (15.3%), hypercholesterolemia (14.6%), and
depression (14.5%). One third of patients (33.9%)
reported a family history of AD (Tables 1 and 2).
Across the three countries, patients did not differ in
age, had a similar employment status (74–88% were
not employed/retired) and living situation (70–80%
lived with their spouse/partner), the gender ratio was
similar in Spain and Germany; however in the UK,
more males were recruited (56.3% versus 43.7%).
Patients had a mean of 1.9 years (SD = 1.9) since
AD diagnosis at baseline (study inclusion), with
moderate AD patients having slightly longer duration than mild AD patients (a mean of 2.1 versus
1.5 years, respectively) (Table 2). Cognitive symptoms were reported to have first occurred a mean
of 1.1 years (SD = 1.7) prior to AD diagnosis and
1.4 (SD = 1.8) prior to AD treatment. Physicians
predominately used NINCDS-ADRDA (55.2%) and
DSM-IV (31.3%) criteria to diagnose patients with
AD. The use of at least one biomarker or imaging test
since AD diagnosis was reported in 41.2% of patients,

At baseline, the mean (SD) MMSE score was 16.7
(2.8) among moderate AD patients and 23.3 (1.7)
among patients with mild AD (p < 0.01), obtaining
similar mean MMSE scores in all participant countries with mean scores ranging from 3.80 to 4.20
points (Fig. 2). Baseline scores also showed statistically significant differences (p < 0.01) between
patients with mild and moderate AD in ADASCog (24.7 (4.5) and 33.8 (8.4), respectively) and
ADCS-ADL23 (54.4 (15.1) and 46.3 (15.8)) scores.
Mean ADAS-Cog score was also similar across the
countries, with mean ranging from 28.0 to 32.6
points. Figure 2 shows the evolution of unadjusted
scores across the follow-up visits, showing a progressive deterioration in all scores. Baseline scores
of MMSE, ADAS-Cog, ADCS-ADL23, and NPI-12
were compared missing according to the availability of follow-up data for each of these measures at
6, 12, and 18 months without showing statistically
significant difference. Baseline cognitive function,
cognitive impairment, functional deterioration, and
neuropsychiatric deterioration at baseline was similar
regardless of availability of follow-up data.
Table 3 shows the multivariable mixed model
developed separately for cognitive, functional, and
neuropsychiatric scores obtained from study patients
at baseline and during whole study follow-up period.
Patients from Germany had higher MMSE scores
(p < 0.019), indicating better cognitive status, relative
to patients from the UK. On the other hand, patients
with unknown occupation (p < 0.01), those with
physician-assessed moderate AD severity (p < 0.01),
and patients with longer disease duration (time since
diagnosis) had lower MMSE scores, corresponding
to worse cognitive status. The model also shows a
reduction of MMSE across the follow-up visits after
adjusting for other covariates; with reductions of 1.1,
2.0, and 3.4 points at 6, 12, and 18 months (p < 0.01)
respectively. The ADAS-Cog model shows a rapid
change in scores across the follow-up period, increasing by 2.6, 7.9, and 8.0 points at 6, 12, and 18 months,
respectively. Lower ADAS-Cog scores (indicating
better cognitive status) were estimated for Germany
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Table 1
Baseline characteristics of patients by AD severity (mild and moderate)
Characteristic

Parameter

Moderate [10–20]
(N = 362)

Mild [21–26]
(N = 254)

Overall population
(N = 616)

Gender, n (%)
Age, mean (SD)

Female
Age in years

210 (58.01%)
77.43 (7.26)

119 (46.85%)
77.47 (6.71)

329 (53.41%)
77.45 (7.03)

Education level, n (%)

No formal education
Primary (1–6
years of education)
Secondary/technical (7–13
years of education)
University/higher education
(greater than 13
years of education)
Other
Declined to answer

21 (5.80%)
101 (27.90%)

3 (1.18%)
41 (16.14%)

24 (3.90%)
142 (23.05%)

163 (45.03%)

146 (57.48%)

309 (50.16%)

65 (17.96%)

58 (22.83%)

123 (19.97%)

7 (1.93%)
2 (0.55%)

6 (2.36%)
0 (0.00%)

13 (2.11%)
2 (0.32%)

Main working status
(Former), n (%)

Full-time
Part-time
Not employed/retired
Declined to answer

33 (9.12%)
7 (0.93%)
316 (87.29%)
3 (0.83%)

29 (11.42%)
8 (3.15%)
214 (84.25%)
3 (1.18%)

62 (10.06%)
15 (2.44%)
530 (86.04%)
6 (0.97%)

Other persons living
with the patient
(including caregiver
if relevant), n (%)∗

None, patient lives alone
Spouse or partner
Other adults
Children < 18 years of age

44 (12.15%)
270 (74.59%)
53 (14.64%)
7 (1.93%)

41 (16.14%)
194 (76.38%)
26 (10.24%)
3 (1.18%)

85 (13.80%)
464 (75.32%)
79 (12.82%)
10 (1.62%)

Smoking status, n (%)

Current smoker
Ex-smoker
Non-smoker

7 (1.93%)
109 (30.11%)
236 (65.19%)

10 (3.94%)
79 (31.10%)
155 (61.02%)

17 (2.76%)
188 (30.52%)
391 (63.47%)

Common chronic
concomitant diseases,
n (%)∗∗

Hypercholesterolemia
Diabetes mellitus
Hypertension
Depression

52 (14.36%)
50 (13.81%)
149 (41.16%)
58 (16.02%)

38 (14.96%)
44 (17.32%)
116 (45.67%)
31 (12.20%)

90 (14.61%)
94 (15.26%)
265 (43.02%)
89 (14.45%)

Outcome measures,
mean score (SD)

MMSE
ADAS-Cog
ADCS-ADL23
NPI-12

16.65 (2.83)
33.82 (8.37)
46.31 (15.80)
13.19 (14.07)

23.33 (1.68)
24.65 (6.47)
54.41 (15.06)
11.20 (12.32)

19.40 (4.09)
30.04 (8.87)
49.65 (15.99)
12.37 (13.41)

∗ Multi-response. ∗∗ Chronic

concomitant diseases reported in > 10% of the overall study population have been presented. SD, standard
deviation; N, number; MMSE, Mini-Mental State Examination; ADAS-Cog, Alzheimer’s Disease Assessment Scale–Cognitive subscale;
ADCS-ADL23, Alzheimer’s Disease Cooperative Study Activities of Daily Living Inventory-23 item; NPI-12, Neuropsychiatric Inventory-12
item.

(relative to the UK), for female patients, and for
patients at higher age groups, as well as for patients
with mild disease (versus moderate) according to
physician assessment and patients with longer AD
evolution. Changes over time in ADC-ADL23 and
NPI-12 were similar to those obtained for MMSE,
showing a gradual deterioration over the successive
6-month time periods assessed in the study.
Progression of AD (according to MMSE)
Patients initially diagnosed with mild AD spent a
median (95% CI) of 3.7 (2.8; 4.4) years until progression to moderate AD as measured by the MMSE
(Fig. 3). After diagnosis of moderate AD (either at
the date of the first AD diagnosis or after a disease
progression from mild to moderate) patients had a
median of 11.1 years until progression to severe AD

(MMSE < 10). The 95% CI for patients with moderate AD was not calculated given that more than 25%
of patients did not progress to severe AD in the last
visit.

DISCUSSION
The current study provides an overview of the clinical course of mild to moderate AD including valuable
data in terms of diagnosis and disease progression in
patients treated according to routine clinical practices
in three European countries.
Demographic characteristics of patients included
in the current study, such as age, gender, and marital status/cohabitation, were observed to be similar
to those collected in other longitudinal prospective
studies conducted in the European population on
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Table 2
Initiation of cognitive symptoms, diagnosis of AD and treatment initiation by AD severity (mild and moderate)

Characteristic

Parameter

Years between initiation
of cognitive symptoms
and AD diagnosis
Years between initiation
of cognitive symptoms
and AD treatment
Years between AD
diagnosis and study inclusion
Familial history of AD
Criteria used to establish
AD diagnosis

Use of biomarkers or
imaging tests
since diagnosis

Moderate [10–20]
(N = 362)

Mild [21–26]
(N = 254)

Overall
population
(N = 616)

Mean (SD)
Range (min-max)

1.13 (1.60)
(0.00, 10.45)

1.16 (1.77)
(0.00, 11.34)

1.14 (1.67)
(0.00, 11.34)

Mean (SD)
Range (min-max)

1.45 (1.87)
(0.00, 13.53)

1.30 (1.71)
(0.00, 11.34)

1.39 (1.80)
(0.00, 13.53)

Mean (SD)
Range (min-max)
Reported
NINCDS-ADRDA
DSM-IV
AAN
AHRQ
DemTect
No biomarker or imaging test
performed since diagnosis
At least one biomarker or imaging
test performed since diagnosis
At least one biomarker test
performed since diagnosis∗1
CSF A␤42 †
CSF total tau†
CSF phosphorylated tau†
Other biomarkers†
At least one imaging test
performed since diagnosis∗∗1
sMRI or fMRI†
PIB A␤ PET†
FDG PET†
CT†
Unknown

2.10 (2.06)
(0.00, 11.10)
126 (34.81%)
207 (57.18%)
99 (27.35%)
11 (3.04%)
5 (1.38%)
33 (9.12%)
180 (49.72%)

1.52 (1.71)
(0.00, 10.78)
83 (32.68%)
133 (52.36%)
94 (37.01%)
8 (3.15%)
6 (2.36%)
28 (11.02%)
145 (57.09%)

1.86 (1.94)
(0.00, 11.10)
209 (33.93%)
340 (55.19%)
193 (31.33%)
19 (3.08%)
11 (1.79%)
61 (9.90%)
325 (52.76%)

155 (42.82%)

99 (38.98%)

254 (41.23%)

20 (12.9%)

9 (9.09%)

29 (11.42%)

7 (4.52%)
5 (3.23%)
4 (2.58%)
13 (8.39%)
146 (94.19%)

2 (2.02%)
2 (2.02%)
3 (3.03%)
6 (6.06%)
93 (93.94%)

9 (3.54%)
7 (2.76%)
7 (2.76%)
19 (7.48%)
239 (94.09%)

67 (43.23%)
3 (1.94%)
13 (8.39%)
79 (50.97%)
27 (7.46%)

30 (30.91%)
1 (1.01%)
11 (11.11%)
59 (59.6%)
10 (3.94%)

94 (38.19%)
4 (1.57%)
24 (9.45%)
138 (54.33%)
37 (6.01%)

∗ Biomarker

tests include: Cerebrospinal fluid (CSF) A␤42, CSF total tau, CSF phosphorylated tau and Other biomarkers. ∗∗ Imaging
test include: structural or functional magnetic resonance imaging (sMRI or fMRI), Pittsburgh compound B (PIB) A␤ positron emission
tomography (PET) Fluorodeoxyglucose (18 F) PET (FDG PET) and computed tomography (CT). † Multichoice option; 1 Percentages calculated
over the number of patients with at least one biomarker or imaging test performed.

mild-moderate AD [10, 26, 27]. Educational level
observed in the study sample is also aligned with
educational levels reported in participant countries
for subjects 55 to 65 years old [28]. The same comparison for older populations is not possible due to
lack of reference data in all participant countries.
These results may suggest that the patients’ sample
analyzed in the study would be representative of the
general population affected by AD. The prevalence
of vascular comorbidities (like hypertension, diabetes
mellitus, and hypercholesterolemia), depression, and
smoking history is also aligned with estimations
presented in other studies [11, 27–29], These concomitant diseases represent established risk factors
for AD incidence and may even be predictors of AD
progression. Control and management of these risk
factors offers a potential avenue for slowing down the
progression of AD [30]. A recent systematic review

and meta-analysis established high levels of lowdensity lipoprotein cholesterol as an AD risk factor
[31]. In the present study, patients with hypercholesterolemia showed a lower deterioration during the
one-year period, but differences did not reach the statistical significance in the regression models. The fact
that the present study measured only total cholesterol
instead of low-density lipoprotein cholesterol could
explain these results not aligned with prior studies.
Prospective data collected in the current study demonstrate the cognitive, functional, and neuropsychiatric deterioration of patients with AD, even though
the deterioration in these scales is also associated
with other potential risk factors, such as living in
the country, age, gender, AD severity, or time of AD
evolution, among others. Cognitive impairment (assessed using MMSE and ADAS-Cog scores), functional impairment (assessed using the ADCS-ADL),
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Fig. 2. Changes in MMSE, ADAS-Cog, ADCS-DL23, and NPI-12 scores over time from baseline stratifying by AD severity. Statistical
comparisons performed to compare the change for the different tools between the different follow-up points. ∗∗∗ p < 0.001; ∗∗ p < 0.01;
∗ p < 0.05.

and the neuropsychiatric impairment (assessed using
the NPI-12) of patients with AD increased over the
course of the study with a gradual deterioration over
the successive 6-month time periods assessed in the
study. MMSE scores decreased by 1.1, 2.0, and 3.4
points at 6, 12, and 18 months respectively, and
ADAS-Cog scores increased by 2.6, 7.9, and 8.0
points at 6, 12, and 18 months; corresponding to a
deterioration in both scales. The definition of change
in MMSE considered clinically meaningful varies
in literature, but it is generally accepted as an average annual decline of 1.4-4 points [32–34], with the
rate of decline potentially depending on AD medication use. Comparable observational studies like the
REseau sur la maladie d’Alzheimer FRançais (RE
AL.FR) cohort in France have also reported average declines of 2.4 points per year on the MMSE,
4.5 points on the ADAS-Cog, a worsening of ADL
and NPI scores over time, and a variable rate of AD
progression among subjects [34].

In the European ICTUS study, cognitive function declined non-linearly over time (MMSE: –1.5
points/first year, –2.5 points/second year; ADASCog: +3.5 points/first year, + 4.8 points/second year),
while the progression of behavioral disturbances
(NPI scale) was linear [26]. In the initial CERAD
population of AD patients, when acetylcholinesterase
inhibitors were not available, an average annual
decline of 3.4 points was obtained for the MMSE
[33]. There was wide variability in individual rates
of decline. Even with 4 years of follow-up, 15.8%
of the patients had no clinically meaningful decline
in MMSE score [33]. Schrag et al. also assessed
changes in ADAS-Cog during a 6-month period and
patients obtained mean changes of 3.1–3.8 points in
ADAS-Cog domains [36]. The overall population in
our study followed this trend of cognitive decline.
Despite the common use of acetylcholinesterase
inhibitors and memantine, patients diagnosed with
AD still have a clear unmet medical need, given that
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Table 3
Mixed models for repeated measures to assess parameters related with MMSE, ADAS-Cog, ADC-ADL23, and NPI-12 total score

Parameter
(reference category)
Intercept

Class

MMSE
estimate (p)
20.962 ( < 0.001)

ADAS-Cog
estimate (p)
27.120 ( < 0.001)

ADC-ADL23
estimate (p)
60.325 ( < 0.001)

Country (UK)

Germany
Spain
Female
Age 73–82
Age > 82
Other/unknown
Tertiary sector

1.756 ( < 0.001)
0.017 (0.968)
–
–
–
–1.323 (0.005)
0.200 (0.655)

–2.396 (0.008)
2.525 (0.002)
–1.127 (0.103)
–2.020 (0.017)
–2.074 (0.040)
–
–

–4.963 (0.001)
–3.954 (0.003)
4.808 ( < 0.001)
–2.517 (0.073)
–6.795 ( < 0.001)
–
–

Full-time
Part-time
Not employed
Declined to answer
159–172 cm
< 159 cm
Adult grandchild
Close friend
Distant relative
Other
Sibling
Spouse/partner
Moderate (including
moderately severe)
Yes

–
–
–
–
–
–
2.512 (0.242)
2.415 (0.209)
7.152 (0.021)
1.428 (0.207)
0.241 (0.832)
0.059 (0.889)
–3.038 ( < 0.001)

–
–
–
–
–
–
–
–
–
–
–
–
7.193 ( < 0.001)

–
–
–
–
3.014 (0.031)
1.343 (0.482)
–
–
–
–
–
–
–9.886 ( < 0.001)

–2.662 (0.104)
–7.377 (0.019)
–1.634 (0.283)
–0.252 (0.961)
–
–
–
–
–
–
–
–
2.140 (0.033)

–

–

–2.651 (0.027)

–

Follow-up visit 1
Follow-up visit 2
Follow-up visit 3
0.65 to 2.61 years
> 2.61 years

–1.132 ( < 0.001)
–1.975 ( < 0.001)
–3.388 ( < 0.001)
–0.280 (0.503)
–1.342 (0.006)

2.641 ( < 0.001)
7.895 ( < 0.001)
7.992 ( < 0.001)
0.985 (0.233)
3.563 ( < 0.001)

–4.719 ( < 0.001)
–8.386 ( < 0.001)
–12.498 ( < 0.001)
–3.482 (0.011)
–8.763 ( < 0.001)

1.047 (0.051)
2.546 ( < 0.001)
3.564 ( < 0.001)
2.760 (0.021)
4.189 (0.003)

Gender (male)
Age ( < 73 years old)
Occupation (former)
(primary or secondary
sector)
Working status (retired)

Height (cm) ( > 172 cm)
Caregiver relationship
(adult child)

Physician opinion about
severity of AD (mild)
AD diagnosis criteria
DSM-IV
Visit number (baseline)

Time since clinical
diagnosis of
AD ( < 0.65 years)

NPI-12
estimate (p)
10.703 ( < 0.001)

–2.329 (0.028)

Values reported in the table correspond to correlation coefficient (p-value).

Fig. 3. Time from diagnosis of mild or moderate AD to disease
progression, defined as the first change in AD severity based on
MMSE scale.

they are still showing an inevitable deterioration of
cognitive, functional, and neuropsychiatric functions
over time. Our study provides data about delays in
AD diagnosis and treatments’ initiation, given that a

specialist diagnosis occurred on average of 1.1 after
symptoms occurrence and treatment was initiated a
mean of 1.4 years after symptoms occurrence. Timely
identification of AD will allow early treatment initiation, which may expand personal autonomy and
reduce socioeconomic and caregiver burden [37]. The
use of biomarkers for AD diagnosis is still uncommon
in routine clinical practice and depends very much on
specialist care. In our study, biomarkers and imaging
tests’ employment was reported for 4.7% and 38.8%,
respectively, of patients included in the study taking into account the period between diagnosis and
baseline visit (a mean of 1.9 years after AD diagnosis). The identification of biomarkers and imaging
tests for early diagnosis and the adherence to current
neurology guidelines may thus be crucial for early
intervention and identification of high-risk subjects
[38]. Nevertheless, the possibility that the included
patients have a biomarker or imaging tests performed
prior to the AD diagnosis and not reported in the clinical chart should be considered as a potential bias to
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underestimate the use. In general, medical practice
in Germany, only 34% of incident dementia cases
had at least one contact with a neuropsychiatrist during the year of incidence. Only a minority (13.5%)
of dementia patients was referred to radiology for
imaging [39].
Finally, the current study also provides data about
disease progression, where patients with moderate
AD stay longer at this stage compared with patients
with mild AD. Differences in trends of time to disease
progression according to AD severity has been shown
among studies [16, 26], The multivariable models
performed in the study did not identify significant risk
factors associated with disease progression except
for age or study country. The differences obtained
among participant countries could be associated to
selection bias of the participant sites and patients in
each country.
The study was not designed for a 24-month followup, and main limitation in this study was related
to discontinuation (21% in the overall sample) and
study finalization after the 24 months of inclusion
of the first patients in each country. However, the
lack of follow-up visits due to study finalizations
is not related to patient characteristics and it is not
expected to bias the study results. Due to the high
number of drops-out after 1 year of follow-up, there
were a high number of censured data in disease progression, especially between patients with moderate
AD. The high attrition rate is not unique to this study
and is a common finding associated with longitudinal
observational studies on AD. For instance, the multicenter prospective ICTUS [26] and REAL.FR [25]
studies reported 31.5% and 40.5% drops-out after 2
years, respectively, and the reasons for discontinuations overlapped with the present study. Since AD
is a progressive illness in mainly geriatric patients,
factors attributed to aging and disease (e.g., death,
institutionalization, loss of autonomy, etc.) are a frequently encountered causes of attrition in long-term
studies [40]. Clinical trials can include, as intervention per protocol, further actions to reduce the attrition rate. But observational studies are limited to
the routine clinical practice and higher attrition rate
might be reached.
Despite the prospective design, the study also collected some data in a retrospective way based on
clinical charts, most of them related to AD diagnosis (i.e., diagnostic tests used). Data collected
using clinical charts is restricted to data available in
clinical charts and it is impacted by limitations associated to retrospective data collection, e.g., limited
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use/documentation of standardized assessments. The
collection of retrospective data relating to initial and
moderate AD diagnosis allowed the use of survival
analysis to describe time to progression and provide median values by severity. However, the criteria
used to define disease progression in the retrospective
data obtained from clinical charts might be different
from the criteria used in the prospective part of the
study. In addition, there are some sources of potential
selection bias: the first is the fact that patients were
included at any time during AD evolution can lead
to a selection bias toward those with longer time in
mild or moderate status, and the second is the fact
that patient recruitment period took longer than initially expected. Finally, it is also important to mention
that the inclusion of patients fluent in local language,
in order to allow the response to the corresponding
questionnaires, could limit the inclusion of subjects
from certain communities or ethnicities, limiting the
external validity of study results.
Currently, there is no cure for AD, and management of the disease is focused on symptomatic treatments and counseling to maintain functioning. In this
context, larger real-world studies covering more geographical areas over a longer follow-up duration can
help inform physicians on the pattern of AD progression and to understand factors that can help delay care
dependency, reduce caregiver stress and burden and
the socioeconomic burden on society.
This study allowed us to assess the natural history of AD due to the prospective design of the study
with collection of a battery of cognitive, functional,
and neuropsychiatric measures typically used as outcome parameters in clinical trials, and not usually
collected in clinical practice. There was a typical
deterioration of cognitive, functional, and neuropsychiatric functions during the follow-up period, and
cognitive deterioration was slightly faster in patients
with moderate AD compared to mild AD. The study
showed a delay in the diagnosis and treatment initiation for AD patient, with negative consequences in
an optimal early management of AD.

Limitations
The use of retrospective data, lack of availability
of MMSE scores in clinical charts, and exclusion of
patients at time of institutionalization should be considered in interpretation of the results. The duration of
moderate AD can be overestimated due to limitations
of the study.
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