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Introduction: Incidence estimates of mild cognitive impairment (MCI) range widely. We obtained

Methods: We conducted a systematic review of population-based studies from the Americas, Eu-
rope, and Australia using restrictive inclusion criteria to limit heterogeneity. Incidence was examined
using 5-year age categories for MCI and amnestic/nonamnestic subtypes. Data were synthesized us-

Results: Meta-analysis estimates (95% CI) of MCI incidence per 1000 person-years were 22.5 (5.1—
51.4) for ages 75-79y, 40.9 (7.7-97.5) for ages 80-84y, and 60.1 (6.7-159.0) for ages 85+y. Despite
restrictive inclusion criteria, considerable heterogeneity (measured by 1%) remained. Meta-analysis
findings and simple descriptive statistics were consistent and supported by qualitative review.

Discussion: Heterogeneity in MCI incidence estimates persisted across age-specific estimates from
population samples, likely reflecting differences in populations and methods. Incidence rate ranges
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Abstract
contemporary age-specific MCI incidence rates and examined sources of heterogeneity.
ing quantitative and qualitative descriptive analyses and quantitative meta-analyses.
are important to consider with summary point estimates.
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1. Background

Individuals with mild cognitive impairment (MCI), a
noticeable decline in cognitive abilities that does not inter-
fere with daily functioning, are at increased risk of devel-
oping Alzheimer’s disease (AD) or other dementia [1,2].
An estimated 40% to 60% of individuals aged 58 years
and older with MCI have underlying AD pathology [3]. Es-
timates of the incidence of MCI in the general population
help inform public health agencies and clinical decision-
makers as they prepare for the number of older adults with
MCI and at risk for dementia to increase. Although summary
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estimates of the prevalence of MCI were updated in 2018 [4],
systematic literature reviews on the incidence of MCI in the
older adult population were last published in 2012, and their
results provided limited utility due to the lack of data synthe-
sis and the vast ranges of the individual summary estimates
(e.g., rates per 1000 person-years ranging from 21.5 to 71.3
[5] and 49.2 to 78.1 [6]). A wide range of incidence may be
expected given both the variation in age composition and the
variation in diagnostic criteria for MCI among the studies.
Furthermore, other differences in study methods, such as
how participants were evaluated at the baseline and the fre-
quency of and intervals between follow-up visits, contribute
to differences in incidence estimates [5,7]. Thus, there
remains an opportunity to examine and compare data from
these studies in more detail along with data from more
recent literature to identify sources of heterogeneity and
develop a refined range of estimates for MCI incidence.
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Our objectives were to obtain precise and updated sum-
mary estimates for MCI incidence from the current literature
and to understand population and methodological issues that
may explain differences across published studies. We con-
ducted an wupdated systematic literature review of
population-based observational studies of MCI in the Amer-
icas, Europe, and Australia. We used restrictive inclusion/
exclusion criteria to reduce variability and heterogeneity.
Included studies were required to (1) use samples represen-
tative of the general population; (2) report age-specific inci-
dence estimates of MCI in 5-year categories, given the
association between age and MClI risk; (3) use accepted def-
initions of MCI; and (4) be geographically restricted to the
Americas, Europe, or Australia. Where data were available,
we stratified results by MCI subtypes: amnestic MCI (aMCI)
and nonamnestic MCI (naMCI) [8-10]. In addition, we
hypothesized that the use of standard 5-year age categories,
standardized MCI classification, and other qualitative cate-
gorization would reduce heterogeneity and result in a nar-
rower range of estimates for MCI incidence. We adopted
three approaches to synthesize the data: a descriptive quan-
titative analysis, a quantitative meta-analysis, and a qualita-
tive analysis. In the face of real-world heterogeneity, we
approached data analysis from multiple perspectives to
buttress quantitative analyses with qualitative support.

2. Methods
2.1. Systematic literature review

This systematic literature review conformed to Meta-
analysis of Observational Studies in Epidemiology guide-
lines [11]. We aimed to identify studies reporting MCI
incidence in the general population and, thus, focused on
identifying publications that describe MCI in population-
based samples. Restrictive study inclusion criteria were
applied, and data extraction from each study was performed
to enable detailed comparison of study methods and quality.

The literature search was designed to complement a re-
view published in 2012 that included literature from January
1984 through August 2008 [5]. The current literature search
aimed to have a sharper focus on MClI as it is currently ascer-
tained; therefore, the search criteria were more focused than
in the prior review [5], and the dates were adjusted to capture
recent literature. Two independent researchers searched
Medline (via PubMed) for English-language articles pub-
lished between January 2007 and September 2016. Search
criteria required a keyword for MCI (e.g., “incipient demen-
tia,” “mild cognitive impairment,” “cognitive impairment,”
or “early stage dementia”), a term related to incidence
(e.g., “incident” or “incidence”), and a term related to the
study design (e.g., “population-based,” “registry,” or
“cohort); we also excluded terms to minimize irrelevant
articles (e.g., “case reports” or “editorials”). The full search
strategy is available in Supplementary Table A.1. The liter-
ature included in Ward et al. 2012 was also reviewed to eval-

LLINT3

uate whether any of those prior studies fit the current criteria.
Additional articles noted to be potentially relevant by subject
matter experts were also considered as a supplement to the
electronic literature search.

Studies included for further review were required to be in
English-language peer-reviewed journals and to contain hu-
man data on incidence of MCI in a population-based sample.
Reviewers first screened the retrieved publications by title
and abstract for article relevance. Those that passed the
initial screen were reviewed in full text to determine eligi-
bility. Inclusion and exclusion criteria for studies to be
selected for data extraction are listed in Supplementary
Table A.2. When two or more articles described the same
study population over similar periods, only the article with
the longest follow-up time was retained.

2.2. Data extraction

Data from the systematic literature review were extracted
into a table that was designed to facilitate qualitative com-
parison and critique of key study parameters. Data were ex-
tracted for systematic literature reviews of MCI, aMCI, and
naMCI. Data collected from each study included (when
available) incidence rates per 1000 person-years, number
of cases, person-years of follow-up, study characteristics
(e.g., study design, geographic location, study period, fre-
quency, and duration of follow-up), sampling methods
(e.g., community vs. clinic, response rate, selection method),
statistical methods, study population (e.g., sex, ethnicity,
age), MCI definition and operationalization (e.g., diagnostic
criteria, cognitive measures employed, use of education-
adjusted norms, blinding of investigators to prior diagnoses,
tests, cutoffs), and diagnostic staging measures used (e.g.,
Mini-Mental State Examination, Montreal Cognitive
Assessment, Clinical Dementia Rating).

2.3. Data synthesis and analysis

Based on published literature reviews of MCI incidence,
a high degree of variability in results was expected [5,12]. To
understand, and possibly reduce, heterogeneity of summary
estimates, we explicitly narrowed the criteria for study
selection and addressed key methodological differences
between studies in this more restrictively selected group.
The criteria for this narrower sample, referred to as the
“analysis criteria” were (1) the use of standard MCI
criteria, which require the presence of subjective memory
or cognitive concerns as well as objective evidence of
cognitive decline [8-10,13] and (2) reporting of age-
specific incidence estimates in similar 5-year (*1 year)
age categories of 65-69, 70-74, 75-79, 80-84, and
85+ years [5]. Analyses were conducted separately for
MCI, aMCI, and naMCI. Studies reporting other cognitive
impairment conditions, such as cognitive impairment, no de-
mentia (CIND), age-associated cognitive decline, or age-
associated memory impairment, were excluded.
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Using this set of studies, we conducted detailed qualita-
tive analyses and two types of quantitative analysis. One
quantitative approach summarized descriptive statistics (me-
dian, interquartile range [IQR], minimum, maximum) for
each age and outcome category. Where studies reported mul-
tiple estimates from the same study population (e.g.,
applying different MCI definitions or different operationali-
zation of a single definition), we used the estimate linked to
the definition most consistent with the standard clinical diag-
nostic criteria for MCI (e.g., the revised Petersen [4] or Inter-
national Working Group [10] clinical diagnostic criteria for
MCI). When studies presented both crude estimates and es-
timates adjusted for population attrition, the adjusted esti-
mate was selected as a better representation of the
expected incidence rates.

Meta-analyses were conducted as the second quantitative
approach using the “Metaprop” command in Stata in each 5-
year age category that contained data from >3 studies [14].
Assessment of between-study heterogeneity included calcu-

Medline 2007-2016
articles identified in original search
(N =618)
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lation of the Cochrane Q statistic and 1. The I statistic is
calculated using the Cochrane statistic and degrees of
freedom and represents the percentage of the variability
due to heterogeneity across studies study. Thus, I* provides
quantification of the degree of inconsistency in the studies’
results. An I? of 75% or greater was considered indicative
of considerable statistical heterogeneity [15]. Pooled esti-
mates and 95% ClIs were calculated using random-effects
models.

3. Results
3.1. Study selection

The systematic literature search identified 617 unique
articles with one duplicate study excluded. Three additional
articles were included from the Ward et al. 2012 review
[5], as they met the criteria of providing age-stratified inci-
dence rates in a population-based sample. A total of 23

Nonduplicate abstracts screened

‘ Duplicates excluded
t (n=1)

aYata

NN AN

(n=617)
( Abstracts excluded
(n = 468)
Full-text articles reviewed 4 N
(n =149)
Full-text excluded
T (n=129)
‘ Reasons*:
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(Phase 2.3); n =75

Ward et al. incidence age stratified articles (Phase 2.4);n =4

not appearing in original search. (Phase 2.6);n =3

Included for extraction (Phase 2.7);n =15

(n=3) (Phase 2.8); n = 6

(Phase 2.12); n =

(Phase 2.14); n =

" J
Full-text articles extracted ~
(n=23)
(20 from full text review; 3 from Ward not appearing Extracted but did not meet
I ) analys:s criteria (n = 16):
Reasons':

‘;

Age bands - 5 years = 10
CIND as definition = 3

Total included in multiprong MCI, aMCI, and/or naMCI analyses

(n=7)

Sex stratified only
(no summary estimate) = 1
Not requiring SCC = 2

/

Fig. 1. Process of identification and exclusion of studies for multiprong qualitative and quantitative approach. Abbreviations: aMCI, amnestic mild cognitive
impairment; CIND, cognitive impairment, no dementia; MCI, mild cognitive impairment; naMCI, nonamnestic cognitive impairment; SCC, subjective cogni-
tive complaint. *Reasons for full-text exclusions: (Phase 2.2)—disease definition not clearly described; (Phase 2.3)—study is not related to or is not focused on
MCI, aMCI, or naMClI incidence, is focused solely on a type of MCI due to a specific disease (e.g., Parkinson’s disease, Lewy body disease), or does not report
MCI, aMCI, or naMCI incidence; (Phase 2.4)—sampling method not clearly described; (Phase 2.6)—convenience sample or disease-based sample; (Phase
2.7)—if two studies use the same data set or patient population for the same parameter for the same time period, select the study with the longer follow-up
period; (Phase 2.8)—review paper (include the cited studies instead); (Phase 2.12)—clinical trials; (Phase 2.14)—region outside of inclusion area (Americas,
Europe, and Australia). Reasons for multiprong analyses exclusions: age bands—estimates fell outside of our specified age bands; CIND—estimates are for
cognitive impairment, no dementia instead of MCI; sex stratified—estimates are only provided stratified by sex; SCC—modified MCI criteria to exclude sub-

jective cognitive concern as a criterion.
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Table 1
Summary of MCI incidence rates (IR) per 1000 person-years in published studies included in the quantitative analyses*
65-69 years 70-74 years 75-79 years 80-84 years 85+ years'

MCI Number of studies 0 2[6,35] 416,12,32,35] 416,12,32,35] 46,12,32,35]
Minimum IR estimate (95% CI) — 12.4 (11.6, 13.2) 5.3(1.7,12.4) 9.5 (8.9, 10.1) 8.8 (1.8, 25.6)
Maximum IR estimate (95% CI) — 35.9 (204, 51.4) 50.3 (38.3, 66.0) 86.3 (63.6, 109.0) 157.6 (117.7, 211.1)
Median IR’ — 24.2 26.3 49.8 73.7
IQR* — — 7.1-46.3 13.4-85.2 11.5-140.1
Meta-analysis estimate (95% CI)° — — 22.5(5.1,51.4) 40.9 (7.7, 97.5) 60.1 (6.7, 159.0)
I measure of heterogeneity, % — — 96.4 97.7 98.3

aMCI Number of studies 1[36] 36,34,36] 516,12,33,34,36] 46,12,33,34] 46,12,33,34]
Minimum IR estimate (95% CI) 11 (5, 17) 21.0 (16.0, 27.0) 5.4(2.3,12.8) 11.2 (6.6, 18.9) 20.2 (13.1, 31.1)
Maximum IR estimate (95% CI) 26.0 (13.7,49.4) 26.3 (14.1, 38.4) 51.7 (34.6, 68.9) 74.2 (45.8, 102.5)
Median IR 24.1 19.8 37.3 59.1
IQR! — 22.6-25.1 15.5-22.0 28.2-43.4 46.3-65.9
Meta-analysis estimate (95% D’ — 22.4 (18.2,27.1) 18.7 (13.4, 24.9) 32.7 (16.8, 53.7) 50.5 (26.6, 81.3)
I? measure of heterogeneity, %7 — 0 58.7 89.5 88.0

naMCI Number of studies 1 [36] 316,34,36] 416,12,34,36] 316,12,34] 316,12,34]
Minimum IR estimate (95% CI) 17 (10, 24) 7.7 (0.7, 14.8) 9.5 (2.3, 16.6) 21.1(10.2, 32.1) 32.0(12.9,51.2)
Maximum IR estimate (95% CI) 46.1 (29.1,73.2) 37.8 (20.9, 68.5) 50.9 (34.1,75.9) 94.6 (64.9, 137.9)
Median IR 17 26.0 34.4 28.6 49.7

IQR'
Meta-analysis estimate (95% I’
I? measure of heterogeneity, %

16.9-36.1
23.3 (7.9, 46.3)
93.2

27.9-35.6
27.6 (15.1, 43.6)
89.8

24.9-39.8
31.1(18.1,47.3)
79.7

40.9-72.2
54.3 (26.9, 90.4)
87.8

Abbreviations: aMCI, amnestic mild cognitive impairment; IQR, interquartile range; MCI, mild cognitive impairment; naMCI, nonamnestic cognitive

impairment.

*Studies included met eligibility criteria for qualitative review (see Supplementary Table A.2) and also (A) required subjective cognitive or memory concerns

in the MCI definition and (B) reported estimates in 5-year age categories.

"The 85+ years age group includes age categories of 85-89 years, 85-94 years, and >85 years.

‘When only two estimates are available the median is equal to the mean and the IQR is not calculated.

§Meta—analyses estimates were only calculated when >3 studies were available in each age strata. Meta-analyses estimates show a weighted average value of
the highly variable estimates from the included studies for each age range. Given the high heterogeneity observed across studies, these estimates do not neces-

sarily represent valid estimates of the incidence for any given population.
ﬂlIz

is the percentage of the variability due to heterogeneity rather than sampling error: 0% to 40%: might not be important, 30% to 60%: may represent mod-

erate heterogeneity; 50% to 90%: may represent substantial heterogeneity, 75% to 100%: considerable heterogeneity [15].

articles met criteria in Supplementary Table A.2 for data
extraction [6,12,16-36]. Of these 23, only 7 studies met the
analysis criteria for a multiprong analysis of MCI, aMCI,
and naMClI [6,12,32-36]. This process is illustrated in Fig. 1.

Of the 23 extracted studies that reported MCI or MCI-
type incidence data, most (n = 18, 78%) required subjective
memory or cognitive concerns as a component of the MCI
definition, consistent with current research and clinical def-
initions [1]. Five studies were excluded for issues related to
the definition of MCI: two for not requiring subjective mem-
ory or cognitive concerns [27,29] and three that focused on
CIND [23,25,26] (CIND does not require presence of a
cognitive concern for diagnosis). An additional study
provided only sex-specific estimates of incidence by age
[22] and was excluded. A total of ten studies were excluded
[16-21,24,28,30,31] for not presenting estimates in the
predefined 5-year age bands we had specified for analysis.
Of these ten studies, six provided only overall estimates,
one provided only estimates in individuals younger than
65 years, and three provided estimates by 10-year age bands.
After these exclusions, seven studies of MCI incidence re-
mained for data analysis.

Of the final seven studies, two [32,35] provided incidence
of MCI without subtype data, two [6,12] provided incidence

of MCI and both subtypes (aMCI and naMCI), two [34,36]
reported only on the subtypes, and one [33] reported only
on aMCI. These studies consisted of cohorts from the United
States (three studies), Germany (two studies), France (one
study), and Sweden (one study) (Table 1). Study size varied
from 732 participants to 2364 participants. Total follow-up
time varied from an average of 3.4 years to as long as 16 years.

3.2. Quantitative findings

Incidence estimates within each 5-year age category var-
ied substantially from study to study, as indicated by the
range (minimum, maximum) and IQRs in Table 1. When
we examined patterns in the incidence rate estimates, we
observed that study-specific estimates generally increased
with age, as expected. The meta-analysis summary estimates
for the random-effects models in each 5-year age category
are provided in Table 1. Meta-analysis estimates (95% CI)
of MCI incidence per 1000 person-years were 22.5 (5.1—
51.4) for 75-79 years, 40.9 (7.7-97.5) for 80-84 years,
and 60.1 (6.7-159.0) for 85+ years. Substantial heterogene-
ity was observed within almost all age strata, with the I?
ranging from 58.7% to 98.3%, although one stratum had
an I? of 0%. This statistical heterogeneity was also apparent
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in forest plots of the data (Supplementary Figs. A1-A3). The
one exception was the aMCl incidence in the 70-74 year age
category, where I = 0, and the summary median IR estimate
was 24.1 per 1000 person-years. The findings from the
descriptive analysis were consistent with the findings from
the meta-analysis based on evaluation of point estimates
and ranges for each analysis. Median and IQR from descrip-
tive findings resided within the 95% CIs of the meta-analysis
findings for each age band in each MCI category (MCI total,
aMCI, and naMCI).

3.3. Qualitative findings

To explore sources of heterogeneity, our detailed qualita-
tive review of study parameters included 82 study variables,
which we distilled into the 13 variables (Supplementary
Table A.3) most likely to contribute to heterogeneity
(Table 2). Some common design elements were observed
among these 7 studies. For example, all assessed participants
at the baseline using the Diagnostic and Statistical Manual of
Mental Disorders (DSM III or DSM 1V) criteria to exclude
prevalent dementia cases. Also, all these studies used the
original or the revised Petersen diagnostic criteria as the
MCI definition [4,13]. In addition, all but 1 study [34]
used age- and/or education-adjusted norms in operationaliz-
ing the diagnostic criteria.

MCT incidence estimates appeared to be higher from
studies with more recent data collection [6,12]. This
potential trend of more recent calendar year of data
collection corresponding to higher MCI incidence
estimates was observed in aMCI data [6,12,34] but not
naMCI data. However, small numbers limited further
exploration of this potential association.

No consistent differences were observed when examined
by other characteristics (e.g., study country, education,
response rate, or follow-up time) across studies related to re-
ported MCI incidence.

4. Discussion
4.1. Methodological considerations

The data synthesis in this review incorporated both qual-
itative analysis and quantitative meta-analysis to explore the
complexity and challenges of the data. Rather than summa-
rizing MCI incidence estimates across highly diverse studies
as performed in previous literature reviews [5,6], we
conducted a qualitative systematic review to select
community-based epidemiological studies more comparable
in design. We further generated summary estimates along
with ranges of estimates, specific to each age category,
anchored in descriptive and meta-analytic results.

Because a large degree of heterogeneity among studies
was anticipated, we designed exclusion and inclusion
criteria to limit known sources of heterogeneity that could
also affect the accuracy of estimates. For example,
advancing age is a strong risk factor for MCI and dementia;

therefore, estimates of MCI incidence in one study could
exceed those in another merely because its study population
is older [4,5]. We required the MCI diagnosis to meet current
clinical standards, which specify the presence of subjective
cognitive concern from the patient, family, or provider
[37]. Applying uniform diagnostic criteria across geograph-
ically diverse studies helped reduce variability in estimates
of MCI prevalence in the Cohort Studies of Memory in an
International Consortium, suggesting that apparent
geographical variation in estimates is partly due to applica-
tion and operationalization of diagnostic criteria rather than
country differences alone [38]. Accordingly, we focused on
methodological aspects of studies rather than geographical
aspects. Because no significant sex differences in MCI inci-
dence were found in a recent meta-analysis [39], we used es-
timates that included both men and women rather than those
separated by sex.

4.2. Examination of heterogeneity

The Cohort Studies of Memory in an International Con-
sortium found that “applying uniform criteria to harmonized
data greatly reduced the variation in MCI prevalence interna-
tionally [38].” Despite applying strict criteria for study inclu-
sion in our work, heterogeneity remained across the MCI
incidence studies. Meta-regression analyses are typically
used to identify variables that may be the source of heteroge-
neity. However, with small number of studies in each age
category, we were underpowered to conduct meta-
regression. For this reason, we instead focused on a qualita-
tive analysis of key variables (as shown in Table 2) that may
have contributed to heterogeneity.

Several potential factors contributing to data heterogene-
ity were hypothesized; however, owing to the small number
of studies, this could not be confirmed quantitatively. Het-
erogeneity of summary estimates could result from different
diagnostic criteria for MCI or from distinctions in the oper-
ationalization of the same diagnostic criteria. Differences in
response rate and varying follow-up times among studies
may also contribute to heterogeneity in terms of type of pa-
tients included and the number of MCI cases identified,
respectively. In addition, because all studies used a
population-adjusted norm (typically adjusted for age and ed-
ucation) to determine cognitive impairment, differences be-
tween cohorts in how many individuals were classified as
“cognitively normal” may also impact findings. Further-
more, how studies excluded individuals with the baseline de-
mentia or prevalent MCI may affect incidence estimates.

Ultimately, one of the largest contributors to the variability
observed in rates of MClI is likely to be the mutable nature of
the disease course itself. MCI can result from a variety of un-
derlying conditions, ranging from AD to depression, and the
stability of MCI varies accordingly [8,40—42]. Even if studies
used consistent methods to evaluate MCI, individuals who
meet MCI criteria at one assessment may not always meet
them at subsequent assessments. Indeed, underlying



Table 2

Qualitative table of MCI, aMCI, and naMCI incidence studies included in quantitative analysis: critical criteria for evaluation (in order of first year of study observation period)

Study information Estimated incidence rate by age, per 1000 person-years (95% CI) Diagnostic information Demographics of cohort Follow-up
Author and Age
published Years* 65-69 Dementia Female, range, Response Lost,
year Country of study years 70-74 years  75-79 years ~ 80-84 years 85 + years Criteria SD* exclusion Norms % N years  rate Education  Place Freq. % Max
MCI
Larrieu France  1993-1998 124 7.7 9.5 124 Petersen 1 DSM-III-R Age, 52 1265 65-NR  69% 77% primary Mixed 60 months NR 5
2002 [35] (11.6,13.2) (7.3,8.1) (8.9, 10.1) (11.4,13.4) Original edu school or urban-
greater rural
Busse Germany 1997-2001 53 14.7 8.8 Petersen 1 DSM-1V Age, NR 900 75-NR  75% Mostly Urban 18, 36 24 3
2003* [32] (1.7, 12.4) (5.9,30.4) (1.8, 25.6) Revised edu moderate months
to low
Luck Germany 1997-2005 50.3 84.8 157.6 Petersen 1 DSM-III-R Age, 74 732 75-NR 75% 67% low Urban = every 35 8
2010 [12] (38.3, 66.0) (62.2, 115.6) (1177, 211.1) Revised & DSM-IV edu 1.4 years
Roberts USA 2004-NR 359 449 86.3 135 Petersen 1 DSM-IV Age NR 1640 70-89 62% 49% > 12 Mixed Every 9 3.4"
2012 [6] (204, 51.4) (28.8,61.0) (63.6, 109) (95.6, 174.4) Revised years urban- 15 months
rural
aMCI
Caracciolo Sweden 1987-1996 5.4 11.2 20.2 Petersen 1.5 DSM-III-R or Age, 75 1070 75-90+ 72% NR Urban 3 times 74 9
2008 [33]° (2.3, 12.8) (6.6, 18.9) (13.1, 31.1) Revised MMSE < 20 edu
Manly USA 1992-NR; 11 (5,17) 21 22 Petersen 1.5 DSM-III-R Age, 69 2364 65-NR 34% Mean 10 Urban Avg of NR 5
2008 [36] 1999-NR (16, 27) (16, 29) Revised edu years 2.3 times
Katz USA 1993-2009 26 19.8 40.6 55 Petersen  FCSRT' DSM-IV NR 61 1168 70-NR NR Mean 13.5 Urban Annually NR 16
2012 [34] (13.7,49.4) (3.2,125.0 (24.2, 68.0) (18.4, 164.4) Revised <24 years
or SD
> 1.5
Luck Germany 1997-2005 155 339 63.1 Petersen 1 DSM-III-R Age, 74 732 75-NR 75% 67% low Urban = every 35 8
2010 [12] (9.5,25.3) (20.8, 55.4) (39.7, 100.1) Revised & DSM-IV edu 1.4 years
Roberts USA 2004-NR 24.1 26.3 51.7 74.2 Petersen 1 DSM-IV Age NR 1640 70-89 62% 49% > 12 Mixed Every 9 3.4"
2012 [6] (11.6, 36.6) (14.1, 384) (34.6, 68.9) (45.8,102.5) Revised years urban- 15 months
rural
naMCI
Manly USA 1992-NR; 17 (10, 24) 26 (20, 32) 34 Petersen 1.5 DSM-III-R Age, 68.6 2364 65-NR  34% Mean Urban Avg of NR 5
2008 [36] 1999-NR (26, 42) Revised edu 10 years 2.3 times
Katz USA 1993-2009 46.1 37.8 28.6 49.7 Petersen ~ FCSRT* DSM-IV NR 60.7 1168 70-NR NR Mean 13.5  Urban Annually NR 16
2012 [34] (29.1,73.2) (20.9, 68.5) (14.5, 56.2) (26.7,92.4) Revised <24 years
or SD
>15
Luck Germany 1997-2005 34.8 50.9 94.6 Petersen 1 DSM-III-R Age, 739 732 75-NR  74.76% 67% low Urban = every 35 8
2010 [12] (25.1, 48.3) (34.1,75.9) (64.9, 137.9) Revised & DSM-1V edu 1.4 years
Roberts USA 2004-NR N 9.5 21.1 32 Petersen 1 DSM-1V Age NR 1640 70-89 61.8%  49% > 12  Mixed Every 9 3.4"
2012 (6] (0.7, 14.8) (2.3, 16.6) (10.2, 32.1) (12.9,51.2) Revised years urban- 15 months
rural

Abbreviations: aMCI, amnestic mild cognitive impairment; avg, average; DSM-1V, Diagnostic and Statistical Manual of Mental Disorders, 4th Edition; DSM-III-R, Diagnostic and Statistical Manual of Mental
Disorders, 3rd Edition, Revision; edu, education; freq, frequency; max, maximum; MCI, mild cognitive impairment, MMSE, Mini-Mental State Examination; naMCI, nonamnestic mild cognitive impairment;
NR, not reported.

*Years of study represent the calendar years the cohort was observed.

fFree and Cued Selective Reminding test.

Busse et al. 2003: excluded duplicate estimates that did not require cognitive complaint in MCI criteria (excluded estimates: 75-79 years, IR = 7.6 [95% CI 3.1-15.7]; 80-84 years, IR = 21.4 [95% CI
10.3-39.4]; 85 + years, IR = 11.9 [95% CI 3.3- 30.6)).

$Estimates adjusted for population attrition: excluded crude estimates unadjusted for population attrition (excluded estimates 75-79 years, IR = 5.3 [95% CI 2.2-12.8]; 80-84 years, IR = 9.6 [95% CI 5.8-15.9];
85 + years, IR = 16.3 [95% CI 11.3-23.4]).

9IStandard deviation used in criteria to designate impairment.

#Mean follow-up reported when information on max follow-up not found in text.
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variability due to challenges in the changing nature of MCI
expression and detection should be acknowledged when
considering statistical heterogeneity. Given the nature of
the studies, both quantitative and qualitative approaches
used to summarize the data have strengths and limitations.
Accordingly, rather than extracting a single-point estimate,
the age-specific range of estimates and range of summary es-
timates should be considered.

4.3. Considerations for broader application of the findings

Public health or health services planning efforts often rely
on epidemiological incidence data such as those summarized
in this study. Results from this detailed systematic review may
inform public health decision-making in the face of seem-
ingly disparate literature findings. Important considerations
when applying the current findings include the fact that
MCI cases observed in epidemiological population-based
studies may not come to the attention of the health care sys-
tem or otherwise be detected clinically. Population-based
epidemiological studies classify MCI cases based on standard
criteria and do not consider a participant’s motivation for
help-seeking or access to care [17]. Known barriers to help-
seeking include hesitation to admit a potential impairment
and inadequate understanding of cognitive impairment
compared with normal aging [43-45]. In addition, MCI can
be due to multiple etiologies. For example, a specific
disease etiology such as AD may be the cause of only a
fraction of new MCI cases. Considering these factors in
combination, a patient funnel may emerge, as shown in
Fig. 2. This funnel depicts how the epidemiological incidence
data summarized in this report provide the first of many inputs
to inform health services planning for a particular etiology of
MCI, such as AD. Although as depicted, the illustration

Number meeting MCI criteria in

the general population

MCI subset presenting to the
healthcare system

Subset who is biomarker positive
(e.g., for Alzheimer’s disease, the
subset of patients who are positive
on tests for amyloid-beta, tau,
and/or neurodegeneration)

Fig.2. Example of a patient funnel for decision-makers, estimating the inci-
dence of MCI in the patient population with Alzheimer’s disease pathology.
Abbreviations: AD, Alzheimer’s disease; MCI, mild cognitive impairment.
*Refers to application of case identification correction factor to account for
the patient journey.

shows incident population data, the concept of the patient fun-
nel applies to prevalent population considerations as well.

4.4. Limitations and strengths of this study

A limitation of this work is that with the restrictive inclu-
sion criteria, the number of studies that remained for quanti-
tative analyses was small. Because of the limited number of
studies, multivariable-adjusted meta-regression, which would
provide a statistical examination of sources of heterogeneity,
was not feasible. Also, some otherwise well-conducted epide-
miological studies were not included in the final analyses due
to the analysis criteria of 5-year age strata. For example,
Ganguli et al. was reviewed in our initial qualitative analyses
but was excluded in subsequent analyses because of its use of
broader age strata [21]. Although we eliminated one study
that provided only sex-stratified estimates, we did not expect
our results to be dramatically different if using sex-stratified
estimates based on the lack of sex-based difference in esti-
mates observed in this review during visual examination of
the studies (data not shown). Despite our inclusion/exclusion
criteria, we still observed a high degree of heterogeneity, indi-
cating that a single-point summary estimate may not reflect
the MClI incidence rate in a given population. At a minimum,
we suggest that age-specific ranges be used for future clinical
and public health applications.

Strengths of our study include the extraction of a broad range
of qualitative factors from high-quality studies to guide the ex-
amination of heterogeneity. We limited studies to those using
criteria consistent with current clinical guidelines for the diag-
nosis of MCI to better reflect a real-world diagnostic process. In
addition, we provided narrow age categories for age-specific es-
timates, which allow application of these findings by age cate-
gory in other populations. The use of a multiprong approach for
exploring incidence differences across studies was another
strength of our study. Descriptive analyses, meta-analyses,
and qualitative analyses each have benefits and drawbacks.
When widespread heterogeneity is expected, a single approach
may not offer an adequate view of incidence within a given pop-
ulation. By combining several approaches, we could capitalize
on the strengths of each in examining our data.

5. Conclusions

In summary, by using a multiprong approach to synthesize
data from a set of high-quality studies harmonized in some
fundamental methods, we derived age-specific summary es-
timates and ranges for MCI incidence. This systematic liter-
ature review confirmed the challenges in estimating MCI
incidence, particularly challenges posed by heterogeneity.
Data from this study suggest that clinicians and decision-
makers should consider incidence rates in the setting of the
quantitative ranges observed, rather than a single summary
point estimate that may be contextually misleading due to
heterogeneous estimates. Finally, one must consider that es-
timates for MCI from general population studies include all
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cases, regardless of their likelihood of being detected in the
health care system or the underlying disease etiology.
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RESEARCH IN CONTEXT

1. Systematic review: As the population ages, estimates
of mild cognitive impairment (MCI) incidence can
help inform public health agencies and clinical deci-
sion-makers as they prepare for an influx of individuals
with MCI and at increased risk of dementia. Although
systematic reviews of MCI incidence have been con-
ducted, a comprehensive meta-analysis using data syn-
thesis has not been completed. Data in this study were
synthesized using quantitative and qualitative descrip-
tive analyses and quantitative meta-analyses.

2. Interpretation: This systematic literature review and
data synthesis provides multi-national contemporary
estimates of the incidence of MCI and highlights
real-world challenges that contribute to heterogene-
ity such as operationalization of diagnostic criteria
and study methodological differences.

3. Future directions: Data from this study highlights the
need for key decision-makers to consider the context
of quantitative point estimates and their associated
ranges when interpreting observed incidence rates.
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