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Abstract.
Background: The transition from normal cognition to Alzheimer’s disease is considered a continuum, with amnestic mild
cognitive impairment (aMCI) an intermediate clinical cognitive state. Although prior work suggests that dementia incidence
rates may be declining, there is little information regarding temporal trends in aMCI incidence.
Objective: To determine whether age specific rates of aMCI have changed over sequential birth cohorts among individuals
included in the population-based Einstein Aging Study (EAS) cohort. A secondary objective was to examine trends in aMCI
rates among Blacks and Whites and by sex.
Methods: Age specific incidence of aMCI was examined by birth year among 1,233 individuals age 70 years and above
enrolled in the population-based EAS cohort between November 1, 1993 and February 22, 2016 and who had at least one
annual follow-up assessment (5,321 person years of follow-up). Poisson regression was used to determine whether there has
been a change in age specific aMCI rates over sequential years of birth.
Results: No significant change in aMCI rates was identified in the overall cohort, among Blacks or Whites, or among males
or females born between 1899 and 1946.
Conclusions: Despite a trend for decreased dementia incidence in the EAS cohort, rates of incident aMCI have not changed.
These apparently conflicting results may indicate a delay or decrease in the rates of transition from aMCI to dementia within
the cohort. However, further studies are needed to confirm whether rates of aMCI have changed in other populations, and
how aMCI rates are related to secular trends in dementia risk factors.
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INTRODUCTION

Although prevalence rates of dementia are pro-
jected to rise as the population ages [1], a number
of prior studies suggest that incidence of dementia is
in fact declining in Western countries [2–5]. Possible
reasons for the decline include improved cardiovas-
cular health and increased education levels in later
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birth cohorts, although neither possibility has been
fully substantiated [3]. Regardless, the possibility of
decreasing dementia incidence may have significant
implications for projections of dementia prevalence
in the coming decades.

Mild cognitive impairment (MCI) has been con-
ceptualized as a transitional stage from healthy aging
to clinical dementia [6]. Two subtypes of MCI have
been defined with amnestic MCI (aMCI) defined by a
cognitive deficit in memory, and a non-amnestic form
defined based on cognitive deficits in domains other
than memory [7]. Of the two subtypes, aMCI has been
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shown to have a higher likelihood of progression to
clinical dementia [8, 9], with the annual rate of con-
version estimated to be 10–15% [10]. This clinical
definition is consistent with and has significant over-
lap with the criteria for clinical cognitive staging in
the absence of biomarkers, recently put forth by the
National Institute on Aging-Alzheimer’s Association
Research Framework [11, 12].

There is growing interest in better understanding
the early pre-dementia phase of Alzheimer’s dis-
ease (AD). Thus, whether the observed decline in
dementia rates in the US and European cohorts has
been accompanied by declining rates of aMCI is
of interest. Declining dementia incidence does not
necessarily imply that the rates of conversion from
normal cognition to aMCI are also decreasing. For
example, increased detection of aMCI, or slower dis-
ease progression from aMCI to AD would result in
stable aMCI rates concurrent with declining demen-
tia incidence. While slowing of the disease process
has been projected to greatly decrease the public
health burden of clinical AD [13], the above scenar-
ios would suggest an increasing prevalence of aMCI
in the population, despite declining AD incidence.
MCI poses a burden to individuals and to society
over and above the increased risk of progressing to
AD. Individuals affected may be unable to comply
with self-management of chronic diseases such as
hypertension or diabetes, and further, the condition
is associated with emotional, physical, and financial
impact on patients and their caregivers [14–16].

There is a paucity of data regarding temporal trends
in aMCI incidence within population-based samples.
To our knowledge, no studies have reported temporal
trends in incident aMCI rates to determine whether
they are declining in parallel to the observed declines
in dementia incidence. Data regarding sex and race
differences in temporal trends in MCI incidence are
even more limited [12, 17], despite evidence that
females [12, 18] and African Americans [19–21] have
a disproportionate burden of AD and dementia.

To examine whether there has been a change in
aMCI incidence, it is necessary to study a population
where MCI classification and recruitment strategies
have been consistent over an extended time period.
Diagnostic criteria for MCI and its subtypes have
evolved as interest in the pre-dementia phase of AD
has increased [6, 8, 11, 17]. A systematic review of
the literature has demonstrated wide variation in esti-
mates of aMCI incidence with rates ranging from 8.5
to 25.9 per 1,000 person-years [22]. While many stud-
ies have used the revised Petersen criteria to define

MCI and its subtypes [7], studies have varied regard-
ing the neuropsychological tests used and the cut
points chosen to define cognitive impairment [12,
23]. The impact of these variations in diagnostic cri-
teria has been demonstrated by Sachdev et al. [24]
in an analysis of prevalence estimates from eleven
longitudinal cohort studies included in the Cohort
Studies of Memory in an International Consortium
(COSMIC). While published prevalence of MCI (all
subtypes combined) in these cohorts ranged from 5 to
36.7%, rates based on application of a standard diag-
nostic algorithm to harmonized data ranged from only
3–10.8%.

In addition to the availability of standardized
recruitment and diagnostic criteria over time, the
identification of a temporal trend in aMCI rates
requires an approach that separates age and cohort
effects. The Einstein Aging Study (EAS), which has
systematically recruited and followed a community
dwelling cohort of individuals aged 70 and older from
Bronx, New York since 1993, provides the opportu-
nity to examine temporal trends in aMCI rates over
the past two decades in a population with racial/ethnic
diversity [25]. As noted above, we focus specifically
on aMCI, given that this subtype of MCI has been
shown to have a higher conversion rate to AD. The
goal of this study is to examine trends in aMCI inci-
dence within the EAS cohort using a birth cohort
analysis to disentangle age and cohort effects. A sec-
ondary goal is to examine whether aMCI incidence
trends differ for males and females, and for White
and African American older adults.

MATERIALS AND METHODS

Study population

The EAS is a longitudinal, population-based study
of older adults. Since 1993, the EAS has system-
atically recruited community residing participants
70 years and older from Bronx County, New York,
USA [25]. Between 1993 and 2004, Health Care
Financing Administration/Centers for Medicaid and
Medicare Service (HCFA/CMS) rosters of Medicare
eligible persons 70 and above were used to develop
sampling frames for recruitment. Since 2004, New
York City Board of Elections registered voter lists
for Bronx County have been used due to changes in
HCFA/CMS policies [3, 25]. We estimate that the
voter lists provide a sampling frame that includes
over 90% of community residing individuals over 65
using U.S. Census data as a reference. Overlap of the
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HCFA/CMS and voter lists is approximately 90%,
and the demographic characteristics of participants
enrolled using either list are similar. Individuals in
the sampling frames were mailed introductory letters,
which were followed by brief telephone screening
interviews to determine preliminary eligibility [26].
Final screening and enrollment were completed at
the EAS research center. Written informed consent
was obtained using protocols approved by the Insti-
tutional Review Board of the Albert Einstein College
of Medicine. Procedures for recruitment, telephone
screening, and consenting protocols have remained
consistent since 1993, with similar retention rates and
duration of follow-up since that time [3].

To be eligible for the EAS cohort, participants were
required to be age 70 years or older and fluent in
English. Participants who met diagnostic criteria for
dementia at the initial study visit were excluded from
subsequent follow-up [25]. The cohort is representa-
tive of the Bronx County community with respect to
sex and educational level based on comparison with
US Census data [27].

Annual study assessments

In-person assessments were completed at enroll-
ment and annually [25]. Study visits included a
standardized clinical neurologic examination which
was adapted from the Unified Parkinson’s Disease
Rating Scale [28]. The neurologist assigned a Hachin-
ski Ischemic Score [29], the Clinical Dementia Rating
(CDR) [30], and provided a clinical impression of
presence or absence of dementia.

The EAS neuropsychological testing battery was
completed at each annual visit. Global cognitive per-
formance was assessed using the Blessed Information
Memory Concentration test (BIMC) [31]. The battery
assessed the cognitive domains of memory, atten-
tion, executive function, visuospatial constructions,
and language. Memory was measured using the Free
and Cued Selective Reminding Test-Free Recall [32,
33] and the Logical Memory I test [34]. Attention was
assessed using the Trail Making Test part A [35], and
the Digit Span subtest of the WAIS III [36]. Exec-
utive function was measured via the Trail Making
Test part B [35] and the “FAS” letter fluency test
[37]. The Block Design and the Digit Symbol subtests
from the WAIS III were used to evaluate visuospatial
construction [36]. Language was measured using the
Boston Naming Test [38] and the Category Fluency
test (animals, vegetables, fruits) [39].

Subjective memory impairment was measured
using the self-administered Consortium to Estab-
lish a Registry for Alzheimer’s Disease (CERAD)
C1-ALT instrument for cognitive/functional impair-
ment [40]. Functional decline was assessed using the
Instrumental Activities of Daily Living subscale of
the Lawton Brody Activities of Daily Living Scale
[41] and the self-administered CERAD C1-ALT [40].
If the informant agreed, informant reports of cog-
nitive impairment and functional decline were also
obtained using the informant version of the CERAD
C2ALT [40] and the Informant Questionnaire on
Cognitive Decline in the Elderly (IQ-CODE) [42].
Functional impairment was based on information
from the Lawton Brody Scale [41], clinical evalu-
ation, and informant questionnaires.

All study visits also included standardized assess-
ments of medical history, blood pressure, medication
use, anthropometrics, and psychosocial measures
[25]. Baseline history of myocardial infarction,
stroke, and diabetes were determined using self-
report of ever having a physician diagnosis for one
of these conditions. Depression was assessed using
the Geriatric Depression Scale [43].

Clinical cognitive diagnoses

Clinical diagnoses were assigned at consensus case
conferences which included the study neurologist and
the study neuropsychologist who comprehensively
reviewed cognitive test results, relevant neurological
signs and symptoms, and assessments of functional
status. For purposes of diagnosis, memory impair-
ment was defined as scores ≥1.5 SDs below the
age-adjusted mean for the Logical Memory test [34],
or a score of ≤24 for the sum of three trials of free
recall on the Free and Cued Selective Reminding Test
[32, 33]. Previous work within the EAS has demon-
strated the predictive validity of this empirical cut
for free recall [44]. Impairment in other cognitive
domains was defined as performance 1.5 or more
standard deviations below the age-adjusted mean in
domains of attention, executive function, visuospatial
ability, or language.

Amnestic mild cognitive impairment
Participants were diagnosed with aMCI according

to updated Mayo Clinic criteria [7].
EAS criteria for aMCI were: Presence of objec-

tive memory impairment as defined above; subjective
memory impairment based on responses to self- or
informant- CERAD [40] or IQ CODE [42] reports;
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absence of functional decline as noted above; and
absence of clinical dementia diagnosis [25]. For the
present analysis, the incident aMCI group included
anyone who met criteria for memory impairment
regardless of cognitive impairment in other domains,
and so encompassed both single and multiple domain
aMCI.

Dementia
Dementia diagnosis was based on standardized

clinical criteria from the Diagnostic and Statistical
Manual, Fourth Edition (DSM-IV)[45] and required
impairment in memory plus at least one additional
cognitive domain, as well as evidence of functional
decline. To ensure consistency of diagnostic crite-
ria over time, all individuals evaluated before release
of DSM-IV criteria in 1994 were retrospectively re-
conferenced according to DSM-IV [45]. A subset of
individuals enrolled in the EAS come to autopsy, pro-
viding a measure of diagnostic quality control. We
have observed that a clinical diagnosis of dementia
within the EAS has a positive predictive value of 96%
for significant pathology [25].

Statistical analysis

The primary analyses presented here were for the
outcome of incident aMCI. Individuals with dementia
or aMCI at study baseline were excluded, and cases
of incident dementia were censored from the analy-
ses at the time of diagnosis. As the cognitive stages
are conceptualized as existing on a continuum [11],
whether aMCI is detected prior to dementia diagno-
sis may depend on the follow-up interval. Because
the EAS follow-up interval is annual, it is possi-
ble that individuals converted from normal cognition
to dementia without being observed in the aMCI
stage. Given a shorter evaluation interval, the inter-
mediate stage may have been detected. Therefore,
we conducted secondary analyses in which the out-
come of interest was an incident diagnosis of either
aMCI or of dementia without antecedent aMCI, to
confirm that results were not changed by exclu-
sion of those not detected in the aMCI stage during
follow-up.

Exploratory analyses of cohort demographics and
crude aMCI incidence as a function of age and date
of birth revealed no obvious differences in incidence
according to year of birth, and graphical analyses
using loess smoothing function did not suggest a
trend. Poisson regression was used to model the inci-
dence as a function of age, sex, race, education, and

birth year, with change points used to identify the
timing of noticeable increases or drops in incidence
rates. Profile likelihood [46] was used to estimate the
change points, with a change point allowed to possi-
bly fall any time between 1899 and 1946, the range
of years in which the EAS participants were born.
The possibility of a second change point was consid-
ered by fitting a model with two change points and
using likelihood ratio tests to select the best model.
We have previously reported that similar to national
trends in the U.S., the age specific prevalence of
myocardial infarction and stroke have declined, while
prevalence of diabetes has increased over successive
birth cohorts in the EAS since 1915 [3, 47, 48]. To
explore whether these temporal trends in cardiovas-
cular comorbidities may have affected our results, we
fit additional Poisson models of aMCI incidence by
birth year that included adjustment for prevalence of
myocardial infarction, stroke, or diabetes. Finally, we
calculated relative rates of aMCI by grouping birth
years into intervals and fitting Poisson models for the
contrasts of rates in the groups. All analyses were
performed using SAS 9.4 (SAS Institute, Cary, NC,
USA, http:///www.sas.com).

RESULTS

Of the 2,272 EAS participants enrolled since 1993,
this analysis excluded 129 who were determined to
have clinical dementia and 244 with prevalent aMCI
at their baseline assessment. Of the remaining 1,899,
51 individuals died before the first follow-up, and 4
had been enrolled within one year, 77 were too ill
to attend follow-up, 193 refused, 20 moved from the
area, and 321 were lost to follow-up, leaving an anal-
ysis sample of 1,233 individuals enrolled between
November 1, 1993 and February 22, 2016, who had
at least one annual follow-up (Fig. 1). Those in the
analysis sample and those excluded were similar at
baseline with regard to sex (female, 62.9% versus
60.9%; χ2 test, p = 0.34), and differed slightly by age
(mean 78.2 versus 79.4 years; t test, p < 0.001). The
excluded group had worse scores for global cognition
based on the Blessed Information Memory Concen-
tration test (2.21 versus 4.37; Mann-Whitney test,
p < 0.0001), consistent with the exclusion of those
with aMCI and clinical dementia at baseline.

Among the 1,233 individuals in the analysis cohort,
there were 224 incident cases of aMCI during 5,321
person-years of follow-up. Baseline characteristics
are shown in Table 1. The proportion of African

http:///www.sas.com
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Fig. 1. Flow Chart of EAS Participants in the Analysis Sample.

American and Hispanic individuals has increased
over successive birth cohorts, reflecting changes in
the Bronx community. Mean years of education is
slightly higher in the more recent birth cohorts.
Baseline global cognitive status defined by the BIMC
[31] is consistent with the fact that subjects were
free of dementia or aMCI at baseline, and base-
line global performance was slightly better among
individuals born more recently, consistent with their
younger age and somewhat higher level of educa-
tion. Scores on the FCSRT-free recall [32, 33] also
reflect that participants were cognitively normal at

baseline, with little difference across successive birth
cohorts.

Table 2 shows crude aMCI incidence rates as a
function of age and dates of birth. Overall, inci-
dence increased with increasing age within each birth
cohort. Within each age stratum, there is no obvious
trend in aMCI incidence rates over sequential years
of birth.

To test for a possible change in aMCI incidence
over time, we fit Poisson regression models with
change points to identify birth years for which there
was a significant change in rates. Models adjusted for
age, sex, race, and education did not demonstrate a
significant change point over the range of birth years
represented by our cohort which spanned 1899 to
1946. Further adjustment of these models for history
of myocardial infarction (MI), stroke, or diabetes did
not change the results.

To illustrate the results of the Poisson regression
analyses, we fit additional models in which years of
birth were grouped into approximately equal peri-
ods, with post 1930 as the reference group, and with
age, sex, education, and prevalence of MI, stroke,
or diabetes included as covariates (Table 3). Using
the group born after 1930 as a reference, the relative
rates of aMCI were not significantly different from
1.0 for any of the prior birth cohorts. These models
also demonstrated that stroke history was a strong
predictor of future aMCI (relative rate 1.96, 95%
CI 1.32–2.91, p < 0.001.) while history of myocar-
dial infarction or diabetes were not. Finally, model
results were used to calculate relative rates for aMCI
incidence for all possible contrasts of groups based
on year of birth (Fig. 2). The relative rates are not

Table 1
Descriptive Characteristics by Birth Cohort, EAS 1,233 Participants Enrolled 1993–2016

Year of Birth Category (N)
1899–1920 1921–1925 1926–1930 1931–1946 Total

(372) (241) (315) (305) (1,233)

Mean age at enrollment, y (SD) 83.1 (4.2) 79.5 (3.8) 75.4 (3.9) 74.2 (2.8) 78.2 (5.2)
Mean Follow-up, y (SD) 3.8 (2.8) 4.7 (3.6) 5.2 (4.1) 3.7 (2.7) 4.3 (3.4)
%Female 62.9 62.2 61.9 64.3 62.9
%Non-Hispanic White 78.5 67.2 65.4 54.4 67.0
%Non-Hispanic Black 18.6 31.1 26.7 35.1 27.2
%Hispanic 1.6 0.8 7.0 7.5 4.3
Mean Education, y (SD) 12.7 (3.5) 13.5 (3.5) 13.9 (3.4) 14.6 (3.3) 13.7 (3.5)
Depression: Mean GDS 2.7 (2.3) 2.1 (2.2) 2.4 (2.4) 1.9 (2.2) 2.2 (2.3)
Global Cognition: Mean BMIC 2.5 (2.2) 2.1 (2.1) 2.3 (2.3) 1.8 (1.9) 2.2 (2.1)
Memory, FCSRT-Free recall 30.7 (5.3) 31.3 (5.0) 32.4 (5.4) 33.0 (4.7) 31.8 (5.2)

GDS, Geriatric Depression Scale, Range (0–15), with higher scores reflecting depression [43]. BMIC (Blessed
Information Memory Concentration Test) Range (0–32) with higher scores reflecting worse cognition) [31]. FCSRT,
Free and Cued Selective Reminding Test, Sum of free recall items across three trials Range (0–48), with higher
scores reflecting better memory performance [32, 33].
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Table 2
Crude aMCI Incidence Rates by Age at Diagnosis and Year of Birth Category

Year of Birth Category (N)
Age (y) 1899–1920 1921–1925 1926–1930 1931–1946 Total

(372) (241) (315) (305) (1,233)

70–74 # aMCI Cases 0 12 7 19
Person-years (PY) 23.69 336.12 380.06 739.86

Rate/100 PY 0 3.57 1.84 2.57
75–79 # aMCI Cases 0 9 17 18 44

Person-years (PY) 142.32 323.07 592.32 556.14 1,613.84
Rate/100 PY 0 2.79 2.87 3.24 2.73

80–84 # aMCI Cases 21 19 13 8 61
Person-years (PY) 551.97 413.81 536.81 194.12 1,696.71

Rate/100 PY 3.81 4.59 2.42 4.12 3.60
85–89 # aMCI Cases 36 21 12 0 69

Person-years (PY) 512.36 316.23 156.39 1.89 986.86
Rate/100 PY 7.03 6.64 7.67 0 7.00

90–94 # aMCI Cases 17 8 1 —— 26
Person-years (PY) 195.41 57.95 0.94 254.30

Rate/100 PY 8.70 13.81 106.80 10.22
≥95 # aMCI Cases 5 —— —— —— 5

Person-years (PY) 29.37 29.37
Rate/100 PY 17.02 17.02

Total # aMCI Cases 79 57 55 33 224
Person-years (PY) 1,431.43 1,134.74 1,622.58 1,132.21 5,320.96

Rate/100 PY 5.52 5.02 3.39 2.91 4.21

Table 3
Relative Rates of Amnestic MCI from Poisson Regression Models

Parameter Relative Rate (95% Confidence Interval) p

Intercept+∗ 0.035 (0.016–0.076)
Birth Years

Pre 1921 0.80 (0.48–1.35) 0.72
1921–1925 0.97 (0.59–1.61)
1926–1930 0.91 (0.58–1.43)
Post 1930 ——

Age (y)
70–74 —
75–79 1.080 (0.63–1.87) <0.0001
80–84 1.47 (0.84–2.58)
85–89 2.94 (1.62–5.33)
90–94 4.66 (2.32–9.35)
95–99 6.92 (2.18–21.94)
100+ 44.83 (5.72–351.25)

Sex
Male versus Female 1.06 (0.80–1.40) 0.70
Education (y) 0.97 (0.94–1.01) 0.17

Race/ethnicity
Non-Hispanic White —
Non-Hispanic Black 1.15 (0.85–1.57) 0.26
Hispanic White 1.53 (0.74–3.18)
Hispanic Black 0.00 —
Asian 1.01 (0.14–7.27)
Other 1.56 (0.38–6.36)

Co-morbidities (Yes versus No)
History of MI 1.23 (0.78–1.93) 0.39
History of Diabetes 0.86 (0.57–1.29) 0.45
History of Stroke 1.92 (1.32–2.90) 0.002

∗Intercept is aMCI incidence rate per person year of follow-up in a non-Hispanic white female,
age 70–75, born after 1930, with 12 formal years of education and no history of myocardial
infarction, stroke or diabetes.
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Fig. 2. Age Adjusted Relative Rates of Incident aMCI According to Years of Birth; Einstein Aging Study, Bronx, NY.

significantly different from 1.0 for any of the con-
trasts.

Because individuals over age 85 are not repre-
sented in the later birth cohorts, we performed a
sensitivity analysis restricted to follow-up prior to
age 85. Results were unchanged from those in the
overall cohort.

Because EAS follow-up assessments are repeated
annually, some individuals are diagnosed with
dementia without having been assessed in the aMCI
stage. To test whether exclusion of these cases from
the incident aMCI analysis affected the results, we
performed secondary analyses in which the out-
come was a diagnosis of either incident aMCI or
incident dementia in a person not previously diag-
nosed with aMCI. Results remained unchanged, with
no evidence for a temporal trend in incidence over
sequential birth cohorts (data not shown).

Finally, we performed sex and race specific anal-
yses to determine whether there was evidence for a
change in aMCI incidence rates within men, women,
Black or White individuals. Results within each
group were similar to those observed in the overall
cohort, with no evidence for a change point, even
in models adjusted for cardiovascular comorbidities
(Supplementary Tables 1 and 2). It should be noted

that these stratified analyses should be considered
exploratory, as we had limited power within sub-
groups.

DISCUSSION

aMCI is a symptomatic, prodromal phase that may
precede clinical diagnosis of AD [8]. Although there
is increasing evidence that the rates of dementia and
AD have declined in Western nations over recent
decades [3, 4, 49, 50], previous studies have not
described trends in the incidence of this interme-
diate state. Although dementia rates have declined
within the EAS cohort over recent decades [3], this
birth cohort analysis in the EAS cohort does not
demonstrate evidence for a significant change in
age specific aMCI incidence rates among individuals
born between 1899 and 1946.

The natural history of AD is conceptualized as a
continuum ranging from normal cognition to clini-
cally recognized AD. aMCI is considered to be an
intermediate state in this transition. Declining AD
incidence could result from decreased rates of transi-
tions from normal cognition to aMCI, from reduced
rates of aMCI cases transitioning to AD, or both.
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Interpretation of trends must also consider that con-
version rates from aMCI to dementia range from
10–15%/year [17, 51] with a large proportion of
individuals not progressing to AD or reverting to
normal cognition with continued follow-up. Finally,
depending on the follow-up interval, individuals may
transition from normal cognition to AD without being
observed in the aMCI state. Below, we consider these
possibilities in the interpretation of our results.

A temporal trend toward slowing of the pro-
gression from aMCI to dementia could explain our
observation of stable aMCI incidence concurrent with
declining dementia incidence. This possibility is con-
sistent with the observed decline in cardiovascular
comorbidities over recent decades overall [47, 48]
and within the EAS cohort [3]. The presence of vascu-
lar pathology has been associated with faster rates of
cognitive decline and higher probability of dementia
diagnosis among those with AD pathology [52–54].
Thus, a decreasing prevalence of vascular disease in
the population could contribute to a slowing of cog-
nitive decline due to AD. In the present analyses,
adjustment of models for prevalence of myocardial
infarction or stroke did not change the results, even
though stroke history was a strong predictor of aMCI
in our cohort. However, the analysis was limited by
only self-reported history of these conditions. Addi-
tional work is needed to more fully assess the impact
of declining vascular disease rates on the rate of pro-
gression of clinical features of AD. Further, future
analyses should address trends in the duration of
aMCI from onset to clinical AD diagnosis, to deter-
mine whether the rates of disease progression have
changed over time. This information might inform
interventions targeting vascular risk in order to delay
the onset of clinical AD. Projections of AD preva-
lence rates over the coming decades suggest that even
a minor delay in AD onset would have a significant
impact on the public health burden of the disease
[55].

Conversely the present results are not consistent
with the fact that vascular disease and vascular risk
factors have also been linked to rates of cognitive
decline in general [52–54, 56, 57] and with the tran-
sition from normal cognition to aMCI [58, 59]. We
would expect that the favorable trends in prevalence
of cardiovascular disease would be accompanied by
a decline in aMCI incidence rates, although this was
not observed. Future studies are needed with more
robust estimates of vascular risk and comorbidities
and in larger cohorts to resolve this issue and to deter-
mine whether the effect of vascular risk on onset of

aMCI and on the transition from aMCI to AD are of
the same magnitude.

Interest in the prodromal phase of AD has
increased since clinical criteria for defining the aMCI
were introduced [6, 8, 60]. Thus, increased detection
of aMCI in more recent periods or changes in diag-
nostic criteria could potentially mask a true decline in
the condition. However, given that diagnostic criteria
within the EAS cohort were applied uniformly over
the time period studied, this is not a likely explanation
for the observed results.

Because there is evidence that females [12, 18]
and African Americans [19–21] are disproportion-
ately impacted by AD, we also tested whether trends
in aMCI incidence varied by sex or for Black ver-
sus White participants. These analyses suggested that
there has been no shift in aMCI rates among later birth
cohorts in any of these demographic strata. However,
it should be noted that our power to detect such trends
was limited by small sample size within some birth
cohorts in these stratified analyses. Additional stud-
ies in cohorts with larger samples are required to fully
understand aMCI incidence trends within males and
females and by race/ethnicity.

This analysis has a number of strengths. First, the
EAS cohort is population based, and individuals were
not self-selected based on cognitive symptoms. The
cohort is also diverse, with nearly a quarter of par-
ticipants African American. Thus, our results may be
more generalizable than those from studies of clinic
based or studies and those within predominantly
white cohorts. A critical strength of our approach is
that the diagnostic criteria were applied uniformly
to the EAS cohort across the entire time frame stud-
ied. Further, the EAS diagnostic criteria for aMCI are
based on the criteria established criteria by the Mayo
Clinic [7, 60], and are consistent with the recently
defined classification for MCI due to AD [8, 11, 12].
Finally, the present analytic approach allowed us to
separate the effects of age from cohort effects on
aMCI incidence rates.

Our study also has some limitations. It is possible
that the failure to observe a change in aMCI rates
in later birth cohorts is due to limited study power.
However, given that we have previously detected a
change in dementia incidence rates in more recent
birth cohorts, we should have been able to detect
a significant change in aMCI incidence, if present.
As mentioned above, we had limited power to detect
trends within strata defined by sex or race, and the
numbers of aMCI rates were low in some birth
cohorts.
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As noted above, study of aMCI incidence trends
is problematic in that individuals may convert to
dementia without being observed in the aMCI phase.
The EAS follow-up interval is yearly, and individ-
uals who are cognitively normal at one study visit
may present with clinical dementia at the next annual
follow-up. To address the potential to “miss” incident
aMCI cases who rapidly progress to clinical demen-
tia, we conducted sensitivity analyses in which the
outcome modeled was diagnosis of either dementia
or aMCI, whichever occurred first. These analyses
yielded similar results to the primary analyses of
aMCI.

Another factor that limits the study of aMCI rates
is that individuals diagnosed as aMCI may “back
convert”, and no longer meet diagnostic criteria at
subsequent follow-ups. A review by Pandya et al.
[61] indicates that the reversion rates for MCI may
equal or exceed the rates of progression. However,
it should be noted that this study did not distin-
guish MCI subtype and did not report data for aMCI
specifically. Our analysis did not account for the sta-
bility of the aMCI diagnosis over subsequent visits.
Finally, the EAS enrollment included only individu-
als aged 70 years and above. Thus, we were not able
to examine trends for rates of aMCI among younger
individuals.

In summary, aMCI is an intermediate stage in the
continuum from normal cognitive aging to AD, and
there is growing emphasis on intervening early, in
the aMCI stage or prior to aMCI in order to curb the
increasing burden of AD. Despite a number of stud-
ies suggesting that rates of dementia and AD may be
declining, temporal trends in aMCI onset have not
been reported. Our birth cohort analysis of individu-
als in the population based EAS cohort who were born
between 1899 and 1946 do not suggest a decrease in
aMCI incidence in more recent birth cohorts. How-
ever, additional studies are required to understand
whether decreasing rates of aMCI onset or decreased
conversion of aMCI to AD underlie the observed
declines AD incidence. The former might indicate
that secular trends in AD risk factors have impacted
the onset of AD neuropathological changes while the
later might indicate that changes in risk factors or
comorbidities have slowed the progression of the dis-
ease to clinical AD. Better understanding temporal
trends in aMCI rates may enhance understanding of
the impact of secular trends in modifiable risk fac-
tors on the natural history of AD, and may inform
targets for early interventions aimed at primary and
secondary prevention of AD.
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