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Progression of mild cognitive impairment

to dementia due to AD in clinical settings

ABSTRACT

Objectives: To describe the positive predictive value of mild cognitive impairment (MCI) and the
factors associated with progression in routine practice.

Methods: A retrospective cohort study was conducted from the French National Alzheimer Data-
base. Among 446,439 patients cared for in the participating centers between January 2009 and
January 2014, 45,386 (10.2%) were classified as having MCI and 23,676 had at least one
follow-up visit. Annual progression rate was used to describe the progression of patients with
MCI to dementia due to Alzheimer disease. Hazard ratios of dementia due to Alzheimer disease
were estimated using Cox regression model.

Results: Annual progression rate (95% confidence interval) was 13.7% person-years (py)
(13.5%-13.9%) with higher rate for amnestic MCI (aMCI) (18.2% py [17.9%-18.5%)]) than
for nonamnestic MCI (naMCl) (9.5% py [9.3%-9.6%)]). Separate regression models were per-
formed for each MCI subtype. Higher education, older age, female sex, and lower Mini-Mental
State Examination score were associated with an increased risk of progression for both subtypes.
Use of anxiolytics (adjusted hazard ratio [95% confidence interval]l: 0.77 [0.66-0.91]) was a
protective factor for aMCl| whereas antidepressant drugs (1.16 [1.04-1.29]) were associated
with an increased risk. For naMCl, prescriptions of antidepressants (0.85 [0.74-0.98]) and anti-
psychotics (0.55 [0.32-0.93]) were protective for progression.

Conclusions: Under circumstances emulating routine clinical practice, the positive predictive
value of an MCI diagnosis is in line with previous clinical studies and the external validity of the
concept is strengthened. Distinguishing between aMCI and naMCI is particularly relevant.
Neurology® 2015;85:1-8

GLOSSARY

AD = Alzheimer disease; aMCI = amnestic mild cognitive impairment; APR = annual progression rate; BNA = Banque
Nationale Alzheimer; Cl = confidence interval; CMRR = center of memory resources and research; HR = hazard ratio;
ICD-10 = International Classification of Diseases, Tenth Revision; MC = memory center; MCI = mild cognitive impairment;
MMSE = Mini-Mental State Examination; naMCI = nonamnestic mild cognitive impairment; py = person-years.

The diagnosis of mild cognitive impairment (MCI) can be considered a means to identify per-
sons at high risk of progression to dementia due to Alzheimer disease (AD) or other etiologies at
short term (1-3 years),' but it is also characterized by its variability. Estimations of its preva-
lence, incidence, and conversion rates vary widely from one study to another.>* Studies reported
variable progression rates depending on the diagnostic criteria, the MCI subtype, the setting
(community vs clinic), the duration of follow-up, and the sample size.>” In a recent review, the
annual progression rates (APRs) ranged from 5.4% to 16.5% person-years (py).°

In daily practice, an additional potential factor contributing to variability is that the diagnosis
is ultimately based on clinical judgment rather than strict criteria.®

Given the variability associated with MCI, evaluating its positive predictive value on a daily
practice basis (i.e., without applying uniform and standardized diagnostic criteria) is of interest
both conceptually and for the practitioner. Our aim was to determine how the progression rate
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and the progression-associated factors identi-
fied through a clinical and administrative data-
base are comparable to those highlighted by
cohorts and specific studies in more controlled
situations.

METHODS Database sources and study population. The
French Alzheimer Databank (Banque Nationale Alzheimer
[BNA]) contains demographic, diagnostic, and treatment infor-
mation of persons consulting a memory center (MC) or a private
specialist (neurologists, psychiatrists, or geriatricians) (both con-
sidered as secondary care levels) or who are managed by the 28
centers of memory resources and research (CMRR) (tertiary care
level). Each time a patient consults a center, a minimum dataset
summarizing the appointment is integrated anonymously in the
BNA.” Diagnoses in the BNA are collected according to the
ICD-10 (table e-1 on the Neurology® Web site at Neurology.org).
The definition of AD dementia was based on the corresponding
ICD-10 code F00.9 and MCI was based on code F06.7.
According to a BNA steering committee decision based on
clinical considerations, the database distinguishes between 2
subtypes of MCI: amnestic MCI (aMCI) if memory
impairment is present, and nonamnestic MCI (naMCI) if
not.'” No mandatory criteria are requested by the system to
complete a diagnosis in the BNA. As long as the patients
receive their care in the network, it is possible to use the BNA
to conduct longitudinal research and follow patients over serial
evaluations. We conducted a retrospective cohort analysis of all
patients diagnosed with MCI by medical doctors in the BNA
since its inception (January 2009) to January 20, 2014. To
maintain a homogeneous group of patients, we excluded
patients younger than 50 years. We did not include patients
with only one visit and no follow-up visits. We did not specify
a minimum duration between 2 records because it varied

according to particular physician—patient relationships.

[ Figure 1 Flowchart of the study ]
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Patients with MCI with at least
tworecords in database
included in analyses
(n=23,676; 62.6%)

*One patient can have missing or aberrant value for several variables. MCI = mild cognitive
impairment; MMSE = Mini-Mental State Examination.
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Standard protocol approvals, registrations, and patient
consents. The BNA is fully compliant with the conditions of the
Commission Nationale de I'Informatique et des Libertés (CNIL)
responsible in France for data protection and use regarding
human identity and human rights. Because all patient-level data
are certified anonymous, institutional review board approval and

patient informed consents were not required for this study.

Statistical analysis. Patients with MCI who progressed to the
diagnosis of AD dementia during the follow-up visits were
considered as MCI progressors. We compared patients who
were excluded to those included in the analysis. We tested for
associations between the progression to AD dementia and the
baseline characteristics of patients using the Pearson x* test for
categorical variables and variance analysis or Wilcoxon test for
continuous variables.

Because it is difficult to define the exact date of onset of
dementia, which is generally insidious, the date of first AD
dementia diagnosis reported in the database was used as the date
of occurrence of the event. APRs were estimated with the follow-
ing formula: (Pmci/T'mci)/D, where Pmci denotes the number of
progressors, Tmci the total number of MCI, and D the mean
follow-up time. APRs are reported as per 100 py.

Survival intervals were measured from first appointment as an
MCI to progression to dementia due to AD. Patients evolving to
other types of dementia were censored at the date of new diagno-
sis. Data for patients in whom the progression or death was not
reached were censored as of the last follow-up. Kaplan—Meier
analysis was performed to report survival times and associations
between progression, and variables were tested with log-rank and
Wilcoxon tests. We also calculated estimated progression rates
with 95% confidence interval (CI) at 1 and 3 years.

We used a Cox proportional hazards regression model to exam-
ine simultaneously the effects of multiple covariates on progression.
According to the different models considered, we introduced avail-
able variables of interest in the BNA: sex, age, Mini-Mental State
Examination (MMSE) score, education level, center type (private
specialist, MC, CMMR), MCI subtypes, antidementia medica-
tions, psychotropic medications, and lifestyle.

We checked the adequacy of all models using graphical tech-
niques. A test for interaction between pairs of variables in the final
models was performed. For covariates strongly associated with
time, we modeled discrete time-covariate associations, tested with
likelihood and Wald tests for its significance. The effect of each
variable in these models was assessed with the use of the Wald test
and described by the hazard ratio (HR), with CI. Patients with
missing MMSE scores or education values were excluded and
there were no missing values for previously considered variables.

The final models were developed by introducing all variables
of interest in a stepwise backward multivariate analysis. We used a
significance level of 0.05 as the cutoff to exclude a variable from
the model and described HR with a 95% CI. All reported p values
are 2-sided. Statistical analyses were performed with SAS software

version 4.1 (SAS Inc., Cary, NC).

RESULTS Population. The study flowchart is pre-
sented in figure 1. Among the 45,286 patients with
MCI, 44.5% (20,195) where recorded with the diag-
nosis of aMCI and 55.5% (25,191) as naMCI. After
the selection process, 23,676 patients with MCI
(52.2% of initial patients) were followed up at least
one time and included in the analyses. Among them,
11,451 patients (48.4%) were classified as aMCI and
12,225 patients (51.6%) as naMCI. Patients who
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were excluded were older (mean age 75.7 vs 73.8
years, p < 0.001), had a lower mean MMSE score,
and took more drugs (except neuroleptics) than those
included in the analyses. Mean MMSE scores were
clinically similar although significantly different (25.5
for included population and 25.4 for the excluded
one, p = 0.004). Characteristics of the included pop-

ulation are shown in tables 1 and e-2.

Progression rates and APRs per 100 py. Mean follow-up
time was 405.6 days (1.1 years) and ranged from 1 to
1,882 days (5 years). The mean follow-up duration
was slightly higher in aMCI (406.5 days) than in
naMCI (404.3 days). During the study, 3,603
patients (15.2%) progressed to AD dementia.
Global APR was 13.7% py (13.5%-13.9%). Pa-
tients diagnosed with aMCI had higher APR than
patients with naMCI (18.2% py [17.9%-18.5%] vs
9.5% py [9.3%-9.6%]). Progression rates respec-
tively at 1 and 3 years were as follows: 12.7%

(12.29%-13.2%) and 34.3% (33.1%-35.4%) for all

[ Table 1 Baseline characteristics of the included population by MCI subtypes ]

Characteristic
Sex, female, n (%)
Age group,® y, n (%)
50-59
60-69
70-79
80-89
290
Age, y, mean (SD)
MMSE score group, n (%)
<18
19-23
24-27
28-30
MMSE score, mean (SD)
Education, y, n (%)
0-5
6-9
10-12
213
Lifestyle, n (%)
Living alone
Living with family

Other living arrangement

aMClI naMCI All patients
(n =11,451) (n = 12,225) (n = 23,676)
6,568 (57.4) 7,360 (60.2) 13,928 (58.8)
413 (3.6) 912 (7.5) 1,325 (5.6)
1,549 (13.5) 2,196 (18) 3,745 (15.8)
4,982 (43.5) 4,860 (39.8) 9,842 (41.6)
4,293 (37.5) 4,020 (32.9) 8,313 (35.1)
214 (1.9) 237 (1.9) 451 (1.9)
76.5(7.8) 74.8 (9) 75.7 (8.5)
518 (4.5) 645 (5.3) 1,163 (4.9)
2,165 (18.9) 2,188 (17.9) 4,353 (18.4)
5,719 (49.9) 5,364 (43.9) 11,083 (46.8)
3,049 (26.6) 4,028 (33) 7,077 (29.9)
25.3(3.2) 25.5(3.4) 25.4 (3.2)
5,270 (46) 5,830 (47.7) 11,100 (46.9)
2,775 (24.2) 2,980 (24.4) 5,755 (24.3)
1,697 (14.8) 1,641 (13.4) 3,338 (14.1)
1,709 (14.9) 1,774 (14.5) 3,483 (14.7)
3,766 (33.9) 4,243 (34.7) 8,009 (33.8)
7,169 (62.6) 7,342 (60.1) 14,511 (61.3)
516 (4.5) 640 (5.2) 1,156 (4.9)

patients with MCI, 15.8% (15.0%-16.7%) and
44.0% (42.3%-45.8%) for aMCI, and 9.4%
(8.8%-10.1%) and 23.9% (22.5%-25.4%) for
naMCI. There was a tendency for increase in APR
with worse MMSE score levels and lower education
levels. Tables 2 and e-2 show separate APRs for pa-
tients with aMCI and naMCI. APRs to other demen-
tias were 9.9% py (9.6%-10.2%) globally, 6.6% py
(6.3%~7.0%) for aMCI, and 13.0% py (12.5%—
13.6%) for naMCI. Some patients were reclassified
as having a memory complaint (3%, 723). Among
patients initially diagnosed as aMCI, 598 patients
(5.2%) converted to naMCI. Similarly, among pa-
tients diagnosed with naMCI, 483 patients (3.9%)
converted to aMCL. Death during follow-up was col-
lected in 105 patients (0.4%).

Regression models. We created 2 separate models for
aMCI and naMCI because the proportional hazard
assumption was not met for the MCI subtype covari-
ate. The 2 models for each MCI subtype are reported
in tables 3 and e-3. The regression models identified
common and distinctive factors associated with pro-
gression. Common risk factors were female sex, older
age, lower MMSE score, higher education, and MC
location. Among medications, antidepressants were
associated with increased risk for patients with aMCI
and anxiolytics were protective. For patients with
naMCI, antidepressants and antipsychotics lowered
the risk and anti-AD drug increased it. Adjusted
survival curves of aMCI and naMCI from the 2
Cox models are shown in figure 2.

DISCUSSION In this large retrospective cohort study
based on a national medical database, we showed that
the APR to dementia due to AD of MCI was 13.7%
py with higher progression risks for patients with
aMCI than patients with naMCI. Second, a small
proportion of patients with MCI converted to the
other subtype or reverted to subjective memory com-
plaint but a significant proportion progressed to other
dementias. Third, our study confirmed the role of
some well-known risk factors and showed that
patients with higher education consulting memory
clinics had an increased rate of progression.

Existing guidelines for the diagnosis of MCI allow
considerable latitude for clinical judgment.®'"!?
Extrapolation of studies conducted in research envi-
ronments to current clinical practice is difficule
because of the differences in how the diagnosis of
MCI is made. The current study reflects the use
and predictive value of MCI diagnostic in current
specialized practice where contact with the system is
initiated by the patient or their family. To our knowl-

Abbreviations: aMCl = amnestic mild cognitive impairment; MCI = mild cognitive impair-
ment; MMSE = Mini-Mental State Examination; naMCl = nonamnestic mild cognitive
impairment.

2 Age was determined at first consultation with a diagnosis of MCI.

edge, this large study is unique in this context.
The reported APR % py is in line with previously
reported studies in research settings but without the
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[ Table 2 Annual progression rate among specified subgroups ]
aMCl naMCI? All patients
Characteristic (n = 11,451) (n = 12,225) (n = 23,676)
All patients 18.2 9.5 13.7
Sex
Female 19.8 10.3 14.8
Male 16.1 8.2 12.2
Age group, y
50-59 7.7 3.2 4.6
60-69 131 4.5 8
70-79 18.6 10.4 14.2
80-89 21.3 12.3 17
290 25.8 16.6 20.8
MMSE score group
<18 36.4 26.3 30.1
19-23 26.8 16.8 21.7
24-27 19.3 9.4 14.5
28-30 9.5 4.1 6.5
Education, y
0-5 191 10.3 14.5
6-9 17.8 9.3 HESES)
10-12 18.1 8.8 13.6
213 16.3 7.5 11.9
Lifestyle
Living alone 19 10.8 14.6
Living with family 18 8.6 183
Other living arrangement 55 9.7 123

Abbreviations: aMCl = amnestic mild cognitive impairment; MMSE = Mini-Mental State
Examination; naMCl = nonamnestic mild cognitive impairment.

Data represent percentage person-years.

2All p values for annual progression rate comparison between aMCl and naMCl are

<0.0001.

strict MCI inclusion criteria used in those stud-
ies.%!>! The prognosis for MCI varies according to
the MCI subtype with aMCI having higher risk for
progression to dementia due to AD than naMCL
Although most of the available studies and a theoret-
ical rationale support aMClI as a higher risk condition
for AD dementia than naMCI,'>">""” when adding
the number of affected cognitive domains, the con-
version rates to AD or to dementia become more
controversial.'®!" The classification in 4 subtypes
(single or multiple-domain amnestic or nonamnestic)
depends on the number and type of neuropsycholog-
ical tests performed, and the slightly greater propor-
tion of naMCI here may reflect the fact that more
tests were performed in the nonmemory assessment.”
Because a consensus concerning the appropriate tests
and the operationalization of these tests has not been
reached, the distinction between aMCI and naMCI
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seems to be the most relevant for medico-
administrative databases such as the BNA. As previ-
ously described, MCI is also a risk factor for
progression to non-AD dementias,'™"> and the
APR to other dementias in our study was substan-
tial. This APR was higher for naMCI confirming the
utility of subtype distinction in clinical practice.

A small proportion of patients changed from a
subtype to another during the study. This instability
of diagnosis is probably attributable to the proper
evolution of the underlying disease and the variation
of the number and type of neuropsychological inves-
tigations. Three percent of patients with MCI
improved their cognitive status and were secondarily
considered as having subjective memory complaints.
If we consider this situation as a normal state, this
proportion is in the low end of other study results
in the clinical context with rates ranging from 4%
to 38%>*'** and confirms that MCI is a more stable
condition in clinic settings than in population stud-
ies.?* The low reversion rate could be explained by the
relatively short follow-up, the specialty nature of the
referral clinical settings, and the fact that physicians
were not blinded to the previous diagnosis.

The risk difference of progression to dementia due
to AD between aMCI and naMCI increased with
time. We modeled each separately because we
assumed that MCI subtype was an important variable
with only 2 possible states and that stratification was a
less informative strategy leading to difficult interpre-
tation of HRs. Moreover, the large sample allowed
us to perform separate analyses without losing power.

Some variables appeared to be common risk fac-
tors for progression in both subtypes. Older age and
lower MMSE score at baseline are well-documented
predictors of progression and markers of a probably
more advanced disease. The issue of sex-related differ-
ences in the rate of progression has led to controver-
sial results.” Our study suggests that women with
MCI have higher risk of progression irrespectively
of age and education. It would be of interest to fur-
ther investigate this point taking into account poten-
tial explanations such as social or hormonal factors
but also by selection of men with better cardiovascu-
lar risk profiles.?® Patients with MCI with the highest
levels of education were also at increased risk of pro-
gression. Education can be an indirect way to esti-
mate the brain reserve and is usually associated with
lower risk of incident AD,? but longitudinal studies
have shown that higher educated patients with AD
have a faster decline than others once the disease
becomes symptomatic.”® In this study, post hoc anal-
ysis showed that the mean MMSE score at clinical
diagnosis of AD dementia was higher in highly edu-
cated patients (23.8 for higher level and 21.2 for low-
est). According to the BNA data, in current practice,



[ Table 3 Separate Cox regression models for aMCl and naMCI populations ]

aMClI (n = 11,451)

naMCI (n = 12,225)

Characteristic HR (95% CI)
Sex

Male 1

Female 1.16 (1.06-1.28)
Age group, y

50-59 1

60-69 1.52 (1.06-2.16)

70-79 2.02 (1.44-2.83)

80-89 2.27 (1.62-3.19)

290 2.75(1.76-4.32)
MMSE score group

28-30 1

24-27 1.99 (1.76-2.24)

19-23 2.82 (2.46-3.23)

<18 3.9 (3.20-4.68)
Education, y

0-5 1

6-9 1.08 (0.98-1.20)

10-12 1.21 (1.07-1.38)

213 1.22 (1.07-1.39)
Lifestyle

Living with family 1

Living alone 0.91 (0.84-1.00)

Otbher living arrangement 0.75 (0.60-0.94)

p Value HR (95% CI) p Value
1
0.001 1.15 (1.02-1.28) 0.03
1
0.022 1.24 (0.83-1.84) 0.29
<0.0001 2.42(1.68-3.49) <0.0001
<0.0001 261 (1.81-3.77) <0.0001
<0.0001 3.04 (1.85-5.01) <0.0001
1
<0.0001 215 (1.83-2.54) <0.0001
<0.0001 3.86 (3.23-4.62) <0.0001
<0.0001 6.31 (5.08-7.84) <0.0001
1
0.13 1.25 (1.08-1.43) 0.002
0.002 1.29 (1.08-1.55) 0.005
0.003 1.38 (1.14-1.66) 0.001

Not in the final model
0.047 — —

0.012 = =

Abbreviations: aMCI = amnestic mild cognitive impairment; Cl = confidence interval; HR = hazard ratio; MMSE = Mini-
Mental State Examination; naMCIl = nonamnestic mild cognitive impairment.

patients with MCI and high education levels who
consult a specialized center can be considered more
at risk than those with lower education levels. We
observed a substantial reduction of the risk of pro-
gression when patients consulted a CMRR rather
than an MC (table e-3). The CMRRs constitute a
tertiary level of care in France with specific missions:
reference for care, education, research, and network
entertainment. Although specialized centers are usu-
ally associated with increased rate of progression, 2
hypotheses could explain the opposite phenomenon
in CMRREs. First, it is probable that CMRRs handle
different MCI populations than CMs. Second, the
diagnostic modalities according to center type may
vary and the validity of the diagnosis across the cen-
ters is questionable.

Treatments prescribed to patients have different
roles in aMCI and naMCI. Among the psychotropic
drugs, antidepressants are the most frequently pre-
scribed drug to patients with MCI in the BNA
(17.9%). This result is consistent with the fact that

depressive symptom is one of the most frequent neu-
ropsychiatric  disturbances among patients with
MCIL.? Antidepressants were associated with an
increased risk of progression for patients with aMCIL.
The role of affective symptoms as a risk factor for the
progression of patients with MCI to AD dementia is
still debated with studies showing that depression is
an at-risk situation®® and others failing to show any
relation with progression.?’ Antidepressants can be
considered a surrogate marker of depression and a
recent study showed that taking an antidepressant
did not modify the relation between depression and
transition from MCI to AD dementia.”® Using this
model, our finding suggests that depression is a risk
factor or a prodromal sign for aMCI but seems pro-
tective for patients with naMCI. Anxiety as a risk
factor of progression has been less extensively studied
but has also shown inconsistent results.*>*? Taking an
anxiolytic is associated with a reduced risk of progres-
sion for patients with aMCI. A rational explanation
could be that anxiolytics themselves impair memory
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Figure 2
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different Cox models

——naMClI
——aMCl

0
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Time (y)

AD = Alzheimer disease; aMCl = amnestic mild cognitive impairment; naMCl = nonamnestic

mild cognitive impairment.

performance. Thus, use of anxiolytics could lead to
amnestic presentation of MCI with no underlying
neurodegenerative process. However, in another
study, anxiety was associated with AD biomarkers
(CSF B-amyloid 42 and total tau) in subjects with
MCIL.** In the current study, antipsychotics were pre-
scribed more frequently to patients with naMCI com-
pared with aMCI (2.3% vs 1.3%) and were an
independent protective factor of progression for
naMCI but not aMCI. Psychotic signs of AD are seen
at a relatively advanced stage of the disease whereas
nonamnestic forms of MCI evolve more frequently to
other types of dementia with earlier psychotic symp-
toms (e.g., dementia with Lewy bodies or frontotem-
poral lobar degenerations).*>*

Our study has some potential limitations. First,
the mean follow-up duration was short, and dura-
tion of observation is known to have a significant
influence on the APR % py.*” Second, we did not
control for diagnosis modalities of patients with
MCI included in this study and because of the clin-
ical daily routine setting, we expected an increase of
variability of the results. If the recognition of MCI as
a clinical diagnosis is accepted,'’ little is known
regarding the criteria used in daily practice to affirm
the diagnosis and how and for what purpose the
diagnosis is used by the doctors. This validity ques-
tion is an issue that can limit the meaning of the
presented results to a strict clinical point of view and
would have to be investigated. Third, a patient with
MCI who reverts to a “normal” state should be
excluded from the at-risk population. Only a few

Neurology 85 July 28, 2015

reversions were registered by the BNA system, but
it is probable that more arose without any informa-
tion in the database because clinicians can be reluc-
tant to diagnose “normal” once they have labeled
someone as MCI. Moreover, the principle of free-
dom of choice in France allows the patient to consult
any health provider including those not in the BNA
system. Fourth, the BNA does not reflect practice in
the primary care setting. In addition, because there is
no registry in France collecting data on cases with
AD or MClI in primary care settings, it is difficult to
discuss the representativeness of the BNA. Fifth, the
available variables were limited and information on
specific predictors such as biomarkers was not
available.”®

The BNA database constitutes an opportunity to
obtain complementary information beside specific
studies and prospective cohorts.”® By reproducing
some of the main features associated with the MCI
concept, this study strengthens the external validity of
the MCI construct. Subtyping of amnestic and non-
amnestic forms of MCI was feasible and yielded use-

ful prognostic information.
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