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Abstract

Background: Various clinical studies have provided estimates of life expec-
tancy of patients with mild cognitive impairment (MCI) from outpatient
clinics, but whether these apply to community-dwelling individuals at home
or in primary care is uncertain.

Methods: Within the population-based Rotterdam Study, we studied life expec-
tancy with and without dementia in 648 community-dwelling persons with MCI
and 6410 without MCI. Participants aged 60 years and older were assessed for
MCI at baseline (2002-2014) and subsequently followed for the onset of dementia
and death. We used multistate life tables to determine age-specific life expectancy
with and without dementia by sex, educational attainment, and MCI subtype.
Results: Total life expectancy for MCI ranged from 21.4 years (95% CI: 19.0-
23.6) at age 60 to 2.6 years (1.6-3.6) at age 95. With advancing age, an increas-
ing proportion of these years was lived with dementia (2.9 years [1.8-4.0] at
age 60; 1.2 [0.2-2.2] at age 95). Women and higher educated individuals lived
longer and lived more years with dementia. No differences in total life expec-
tancy were observed by MCI subtype, although individuals with amnestic MCI
lived a larger proportion of those years with dementia.

Conclusions: Prognosis of MCI, in terms of life years lived with and without
dementia, is more favorable in the general population than described in prior
clinical observations, due likely to a substantial proportion of individuals with
MCI in the clinic not seeking medical attention in an earlier stage.
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INTRODUCTION

Mild cognitive impairment (MCI) is recognized as a transi-
tional phase between a cognitively healthy state and
dementia.' Due to the aging of the population and increas-
ing life expectancy, a growing number of individuals in the
community have some degree of cognitive impairment.
The underlying cognitive complaints are often insufficient
for a clinical diagnosis of dementia, yet do hinder cognitive
functioning or instrumental activities of daily living. How-
ever, most information on the prognosis of MCI is derived
from patients in referral centers and specialized memory
clinics,®™* whose disease courses may not be generalizable
to community-dwelling persons with MCI. Indeed, the
reported conversion from MCI to dementia varies substan-
tially, from <5% to 20% per year depending on study setting
and the applied criteria for MCI,>” with higher conversion
rates in clinical populations than those in community-
dwelling samples. With growing awareness of the need for
early diagnosis of neurodegenerative disease, primary care
physicians have an increasingly important role in detec-
tion, counseling, and management of individuals with cog-
nitive impairment, and as such measures of prognosis
derived from the general population are invaluable.”® In
that context, easily interpretable measures in terms of life
expectancies may be more helpful for risk communication
to patients and their caregivers than transition rates.

Earlier studies investigated life expectancies for individ-
uals with MCI in clinic-based settings, generally showing
that life expectancy was decreased in comparison with the
general population and increased in comparison with per-
sons with dementia.>*'° Prognostic measures in terms of life
expectancy for individuals with MCI in the general popula-
tion distinguishing years with and without dementia and
stratified by key risk factors are lacking. Estimates stratified
by age, sex, educational attainment, and MCI subtype will
be informative for more precise risk communications, as
those factors are thought to influence prognosis.>®!

In this population-based cohort study, we therefore
aimed at determining age-specific life expectancies in
individuals with MCI, distinguishing years lived with and
without dementia, stratified by sex, educational attain-
ment, and MCI subtype. In addition, we estimated years
of life lost for individuals with MCI by comparing them
to similarly aged cognitively healthy individuals.

METHODS
Study population

This study is embedded within the Rotterdam Study, a
population-based cohort in the Netherlands that started

Key Points

« Persons with MCI in the general population
live shorter than persons without MCI.

« Remaining life expectancy and years lived with
dementia vary with age, sex, education, and
MCT subtype.

Why Does this Paper Matter?

This study provides estimates of prognosis that
could be valuable for persons with MCI and their
caregivers.

recruitment in 1990.'* The first recruitment wave of par-
ticipants, all aged >55 years, consisted of 7983 inhabi-
tants of Ommoord, a district in Rotterdam. A second
wave of recruitment started in 2000, during which 3011
participants who had reached age 55 or moved into the
study area were added to the cohort, followed by a third
recruitment wave in 2006, adding 3932 individuals aged
45 years and older. The design of the Rotterdam Study
has been described in detail previously.'? Follow-up
examinations at the research center are ongoing and take
place every 4-6years. In-depth neuropsychological
assessment at the research center was incorporated in the
core protocol of the Rotterdam Study from 2002 onwards.
This study includes all dementia-free patients aged
60 years and over who underwent routine neuropsycho-
logical assessment from 2002 onwards. Participants were
continuously followed for dementia incidence as
described below.

The Rotterdam Study has been approved by the Medi-
cal Ethics Committee of the Erasmus MC University
Medical Center, according to the Population Study Act,
as executed by the Dutch Ministry of Health, Welfare and
Sport. Written informed consent was obtained from all
participants.

MCI assessment

MCI was defined using the following criteria, based on
the following criteria by Petersen et al.:'* (1) the presence
of subjective cognitive complaints, (2) the presence of
objective cognitive impairment, and (3) the absence of
dementia, according to the assessment as described
below.'* Subjective cognitive complaints were assessed
by interview, by asking three questions regarding mem-
ory complaints (difficulty remembering, forgetting what
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one had planned to do and difficulty finding words) and
three questions regarding (instrumental) daily function-
ing (difficulty managing finances, problems using the
telephone, and difficulty getting dressed). One con-
firmative answer to any of these questions was consid-
ered a subjective cognitive complaint. Objective cognitive
impairment was determined using a cognitive test battery
comprised of letter-digit substitution task, Stroop test,
verbal fluency test, and 15-word verbal learning test
based on Rey's recall of words.'* Test results were sum-
marized by compound scores for various cognitive
domains including memory function, information-
processing speed, and executive function.'® Persons were
classified as having MCI if they (1) had at least one of the
aforementioned subjective cognitive complaints, (2)
scored below 1.5 SD of the age and education adjusted
means for one the compound scores of the study popula-
tion that underwent the first neuropsychiatric test bat-
tery, and (3) were free from dementia at time of test
assessment. MCI was subdivided into amnestic or non-
amnestic MCI. Amnestic MCI was defined as having an
impaired test score on memory function, irrespective of
scores on other cognitive domains. Non-amnestic MCI
was defined as having an impaired test score on executive
function or information-processing speed, in the absence
of objective memory impairment.'* In order to compare
life expectancy estimates to cognitively healthy partici-
pants, we identified a group of participants that did not
meet the criteria for MCI or dementia that underwent
the same wave of cognitive exams.

Dementia assessment

Participants were screened for dementia at baseline and at
follow-up examinations.'® Screening was performed using
the Mini-Mental State Examination (MMSE) and the Geri-
atric Mental Schedule (GMS) organic level. Participants
with a positive screening (MMSE <26 or GMS >0) subse-
quently underwent an examination and informant inter-
view with the Cambridge Examination for Mental
Disorders in the Elderly.' Participants who were suspected
of having dementia underwent extra neuropsychological
testing if necessary. In addition, the total cohort was con-
tinuously monitored for dementia through computerized
linkage of the study database and digitized medical records
from general practitioners, who serve as gatekeepers to the
Dutch healthcare system and therefore receive all relevant
medical information from all caregivers of their patients,
and the Regional Institute for Outpatient Mental Health
Care. Ultimately, a consensus panel, led by a neurologist,
decided on the final diagnosis in accordance with standard
criteria for dementia (DSM-III-R).'®

Mortality assessment

The records of the municipal administration of Rotter-
dam, general practitioners’ files, and nursing home files
were continuously evaluated to obtain information on
the participants’ vital status.

Covariates

Educational attainment was assessed at study entry and sub-
divided into three categories: primary education, further
education, and higher education. History of smoking
(i.e., current, former, or never smoker) was surveyed at the
same moment as MCI assessment. Blood pressure was mea-
sured in a sitting position on the right arm using a random-
zero sphygmomanometer, and the average of two measure-
ments was used. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared.
Serum total cholesterol, high-density lipoprotein cholesterol,
and glucose were acquired from blood samples at baseline.
The use of blood glucose-lowering medication at baseline or
a fasting serum glucose level > 7.0 mmol/L (126 mg/dl), or
a nonfasting serum glucose level > 11.1 mmol/L
(200 mg/dl) was considered as type II diabetes. APOE geno-
type was determined using polymerase chain reaction on
coded DNA samples for the original cohort, and using
biallelic TagMan assays (TagMan Gene Expression Assays;
Thermo Fisher Scientific, Waltham, Massachusetts) (rs7412
and rs429358) for the expansion cohorts.'”*®

Statistical analysis

We calculate the number of years lived with and without
dementia using multistate lifetables. Three states were
defined, namely, no dementia, dementia, and deceased,
between which unidirectional transitions were allowed
(i.e.,, (1) from no dementia to dementia, (2) from no
dementia to deceased, and (3) from dementia to deceased).
Age-specific rates for these transitions were calculated
using Gompertz regression. We determined hazard ratios
(HRs) for incident dementia and death comparing women
to men, participants with further and higher education to
those with primary education only, and participants with
amnestic MCI to participants with non-amnestic MCI,
using the Gompertz regression. To provide valid estimates
of life expectancy across the stratified populations, all HRs
were adjusted for birth year. In addition, HRs for educa-
tion and MCI subtype were additionally adjusted for APOE
€4 carrier status. For individuals without MCI, the same
approach was used to calculate age-specific total life expec-
tancy. Missing values were imputed for the main analysis,
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using single imputation with age and sex as predictors.
For the stratified analyses, missing data on education (1%
both in the group of individuals with MCI and without
MCI) were not imputed.

We then constructed multistate lifetables for partici-
pants with and without MCI, starting at age 60 and

ending at age 100. Transition rates were calculated sepa-
rately for men and women, as well as for each group of
educational attainment and MCI subtype, respectively.
To do so, we weighted the overall rates according to
(1) the aforementioned HRs and (2) the prevalence of
each category per 10-year age band by cognitive status

TABLE 1 Baseline characteristics of the study population
Mild No mild
cognitive cognitive

Characteristic impairment impairment
N 648 6410
Age at study entry® 71.7 (65.0-78.1)  67.8 (63.4-74.9)
Women 349 (53.9) 3683 (57.5)
Education
Primary education 120 (18.7) 654 (10.3)
Further education 441 (68.6) 4589 (72.4)
Higher education 82 (12.8) 1095 (17.3)
APOE genotype
€4 noncarrier 410 (68.6) 4383 (72.9)
€4 carrier 188 (31.4) 1628 (27.1)
Smoking status
Never smoker 174 (27.9) 1997 (31.8)
Former smoker 310 (49.8) 3185 (50.7)
Current smoker 139 (22.3) 1106 (17.6)
Type 2 diabetes 100 (16.4) 672 (10.8)
History of stroke 68 (10.5) 228 (3.6)
Systolic blood pressure, 148 (22) 148 (21)
mmHg
Diastolic blood pressure, 80 (11) 81 (11)
mmHg
Body mass index, kg/m? 28.1(4.3) 27.7 (4.2)
Serum total cholesterol, 5.41 (1.03) 5.61 (1.01)
mmol/L
Serum high-density 1.41 (0.40) 1.47 (0.40)
lipoprotein cholesterol,
mmol/L
MMSE, score?® 28 (25-29) 28 (26-29)
Subjective cognitive 648 (100) 3771 (58.8)
complaints
Objective cognitive 648 (100) 43 (0.7)
impairment
Amnestic mild cognitive 243 (37.5) -

impairment

Note: Characteristics of the study population at baseline for participants with
and without mild cognitive impairment. Values are counts (%) or means

(standard deviation), unless specified differently.
Abbreviations: APOE, apolipoprotein E; MMSE, Mini-Mental State

Examination.

“Values expressed as median (interquartile range).

TABLE 2

Risk of conversion for individuals with and without

mild cognitive impairment by sex, educational attainment, and

mild cognitive impairment subtype

Mild cognitive
impairment

No mild cognitive
impairment

Hazard ratio

Transition (95% CI)

Sex (reference = men)?

Transition to 1.20 (0.85-1.71)

dementia

Death
without
dementia

0.53 (0.40-0.71)

Death with
dementia

0.62 (0.41-0.95)

Hazard ratio
(95% CI)

1.02 (0.84-1.24)

0.55 (0.49-0.61)

0.73 (0.57-0.93)

Further education (reference = primary education)®

Transition to
dementia

Death
without

1.38 (0.87-2.19)

0.99 (0.69-1.44)

dementia

Death with
dementia

0.99 (0.57-1.74)

0.83 (0.64-1.08)

0.88 (0.75-1.03)

1.54 (1.08-2.20)

Higher education (reference = primary education)®

Transition to
dementia

1.88 (0.96-3.66)

Death
without
dementia

Death with
dementia

0.81 (0.45-1.48)

0.87 (0.36-2.08)

0.67 (0.45-0.99)

0.75 (0.60-0.94)

0.95 (0.54-1.69)

MCI subtype (reference = non-amnestic MCI)®

Transition to 1.53 (1.07-2.19)

dementia

Death
without
dementia

0.81 (0.59-1.10)

Death with
dementia

1.13 (0.74-1.74)

Note: Cox proportional hazard models for the transition to dementia, death,
and death after dementia among participants with and without mild

cognitive impairment at baseline.

Abbreviations: CI, confidence interval; MCI, mild cognitive impairment.

?Adjusted for birth year.
hAdjusted for birth year, sex, and APOE &4 status.
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(e.g., prevalence of men among all participants aged 60—
70 years, with MCI). We calculated the percentage of life
years lived with dementia by dividing the expected years
lived with dementia by the total remaining life expec-
tancy, for both cognitively healthy individuals and those
with MCI. The number of life years lost was calculated as
the difference between age-specific life expectancy of cog-
nitively healthy individuals and individuals with MCI.

Monte Carlo simulation (parametric bootstrapping)
with 10,000 runs was applied using @RISK 8.1, to calcu-
late the confidence intervals of the life expectancy estima-
tion. Data preparation was carried out in R 3.6.1.
Analyses were performed using Microsoft Excel 2016
(Microsoft Corp, Redmond, Washington) and Stata ver-
sion 14.1 (StataCorp LLC, College Station, TX).

RESULTS
Study population

Of 10,047 persons who participated in the Rotterdam
Study between 2002 and 2014, 7111 had a complete MCI
assessment, of whom 655 (9%) met the criteria for MCI
(flow diagram in Figure S1). After excluding participants
without follow-up time after the MCI assessment, 648 par-
ticipants with MCI and 6410 without MCI remained
(baseline characteristics in Table 1). Characteristics of
participants by the subtype of MCI are shown in Table S1
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and a comparison of included participants with excluded
participants in Table S2. Compared to individuals with-
out MCI, those with MCI were older, more often men,
had lower education, and more often had diabetes or
stroke in their medical history.

During a median follow-up of 6.8 years (IQR: 3.3-
10.6), 136 (21%) of the 648 participants with MCI devel-
oped dementia, and 293 (45%) died (of whom 95 with
dementia). Among the 6410 participants without MCI
(median follow-up 8.4 years [4.2-11.0]), 442 (7%) partici-
pants developed dementia and 1556 died (24%) (of whom
264 with dementia).

Life expectancy for individuals with MCI

The life expectancy for participants with MCI ranged
from 21.3 years (95% CI: 19.0-23.6) at age 60 to 2.6 years
(1.6-3.6) at age 95. Of those years, 2.9 years (1.8-4.0),
corresponding to 14%, and 1.2years (0.2-2.2),
corresponding to 46%, were lived with dementia. Individ-
uals with MCI lived shorter than individuals without
MCI, with 5.0 years of life lost (95% CI: 1.9-8.1) for per-
sons aged 60, although with higher age, this difference
became smaller. Estimates of life expectancy, years lived
with dementia, and years of life lost, for persons aged
70, 80, and 90 years are presented in Table S3. Stratified
results by sex, educational attainment, and MCI subtype
are presented below for a person aged 70 years.
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Life expectancy with and without dementia among women (A) and men (B) with mild cognitive impairment. The bars in

the lower panel represent the number of lived years lost compared to participants without mild cognitive impairment of similar age and sex.

The percentage of years lived with dementia out of the total remaining life expectancy is represented by the black line, corresponding to the

right axis. MCI, mild cognitive impairment; YLL, years of life lost
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Sex

Women, both with or without MCI, were at higher risk
of dementia than men, and at lower risk of death (hazard
ratios (HRs) are shown in Table 2). At age 70, women
with MCI had a life expectancy of 15.4 years (95% CI:
13.2-17.6) and men with MCI had a life expectancy of
12.2 years (95% CI: 9.9-14.5). Women with MCI lived a
larger number of those years with dementia than men
with MCI (3.8 years [95% CI: 2.3-5.3] vs. 2.0 [95% CI:

(Figure 1). The years of life lost compared to persons
without MCI were similar for women and men.

Educational attainment

Participants with MCI and further or higher education
were at (nonsignificantly) higher risk of developing
dementia than participants with MCI with primary edu-
cation (Table 2). Conversely, among participants without

0.9-3.1]), and this difference increased with age MCI, higher education was associated with a lower risk
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of dementia. The life expectancy was higher for individ-
uals with MCI and higher education than for individuals
with MCI and further or lower education, but a larger
share of these years was lived with dementia (4.1 years
[95% CI: 3.7-4.5] for persons with higher education ver-
sus 2.9 [2.6-3.2] and 2.3 [2.0-2.5] years with further and
primary education; Figure 2). Higher educated partici-
pants with MCI also lost more years of life compared to
participants without MCI (at age 70: 4.6 years [95% CI:
3.9-5.2]) than participants with further (3.8 [3.2-4.3]) or
primary education (2.9 [2.3-3.5]; Figure 2).

Amnestic and non-amnestic MCI

Amnestic MCI was associated with a higher risk of
dementia than non-amnestic MCI (Table 2). Conse-
quently, participants with amnestic MCI lived a larger
share of their life expectancy with dementia (at age 70:
34years [95% CI: 1.9-5.0], corresponding to 25%
vs. 2.6 years [95% CI: 1.4-3.8; 19%]; Figure 3). The total
life expectancy did not differ with MCI subtype.

DISCUSSION

We found that individuals with MCI aged 60 years and
older had lower remaining life expectancy than individ-
uals without MCI of similar age. Of the remaining life
expectancy, the proportion of years that was lived with
dementia varied from 14% (2.9 of 21.4 years) at age 60 to
46% (1.2 of 2.6 years) at age 95. These results show a
more favorable prognosis for individuals with MCI than
previous studies based on data from memory clinics.
While many studies have examined conversion rates
of MCI to dementia, few studies provide estimates of dis-
ease duration for individuals with MCI. Most existing
estimates derive from specialized memory clinics, with
different population characteristics and a higher rate of
conversion to dementia than the general population.’ For
instance, a study using data from outpatient clinics in
Norway found a remaining life expectancy of 9.2 years
for men aged 70 years with MCI and 9.5 for women, com-
pared to 12.2 and 15.4 in the current study.'® Another
study among participants with evidence of amyloid accu-
mulation drawn from both clinic-based and research-
based cohorts confirmed a less favorable prognosis for
participants in a clinical setting.> However, even partici-
pants with MCI from research-based cohorts were
expected to live more than half of their remaining life
expectancy with dementia (8 out of 14 years for a person
aged 70 years, vs. 4 out of 14 in the current study). As the
authors acknowledged, they may have overestimated

total life expectancies because mortality had not been
checked systematically in all of the included cohorts. The
difference between their findings and ours may further
be explained by differences in study population charac-
teristics and underlying pathology. For example, their
participants all had evidence of amyloid accumulation
and included more than twice as many carriers of the
APOE ¢4 allele (31% vs. 66%). This contrast further indi-
cates that prognostic estimates from a more unselected
population are needed to inform persons with MCI in the
general population. In this study, we provide prognostic
estimates applicable to a scenario where community-
dwelling older adults are screened for MCI.

We found that among individuals with MCI, individ-
uals with higher education lived more years with dementia
compared to individuals with lower education. Conversely,
among individuals without MCI, those with further and
higher education had a longer life expectancy, of which
fewer life years were lived with dementia. This supports
the hypothesis that by the time that symptoms arise, those
with a higher educational attainment have exhausted their
cognitive reserve and have a worse prognosis due to a
greater degree of neuropathology.'® In line with our find-
ings, it was previously reported that higher education is
related to a longer noncognitively impaired life expectancy
and fewer years as cognitively impaired.* It has even been
suggested to adapt criteria and cutoff values for the detec-
tion of MCI in persons with higher education.*

Our results show that individuals with amnestic and
non-amnestic MCI have similar total life expectancy. As
expected, individuals with amnestic MCI lived a larger
share of their remaining life with dementia. The two sub-
types of MCI may reflect different underlying mecha-
nisms, and patients with non-amnestic MCI have a
greater probability of reverting to normal cognition.*!
MCI due to underlying neurodegenerative processes, pre-
dominantly manifesting as amnestic MCI, usually
remains present and leads to more long-term cognitive
decline.?® In contrast, individuals with MCI due to other
causes, such as an underlying medical illness or medica-
tion, predominantly manifesting as non-amnestic MCI,
may show less cognitive decline over time.*®

Strengths of this study include the standardized assess-
ment of MCI, the near-complete follow-up for dementia,
and the population-based design that enabled us to pro-
vide estimates for persons with MCI in the community,
which may more closely resemble the population in pri-
mary care. However, by routinely examining individuals
for MCI, we may have identified MCI at an even earlier
stage than in primary care, potentially resulting in an over-
estimation of life expectancy for individuals by the time
they seek medical care. Second, we were unable to deter-
mine the etiology of MCI or the duration of MCI at the
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moment of examination, which could be valuable infor-
mation to improve prognostic estimates. Thirdly, we did
not take reversion to normal cognition into account in our
models. This is not necessarily a limitation for perusal of
our estimates because in clinical practice at time of consul-
tation, it is also unknown whether the patient will revert,
convert, or remain stable. Finally, prognostic estimates
depend on the criteria used for MCI assessment and popu-
lation characteristics like educational attainment,?%2+2°
and possibly comorbidities and systemic factors that were
outside the scope of this article, which may hamper gener-
alizability to other populations. Generalizability is also
limited due to a lack of racial diversity, as the Rotterdam
Study population is predominantly White.

CONCLUSION

Prognosis of MCI, in terms of life years lived with and
without dementia, is more favorable in the general popu-
lation compared to prior clinical observations, due likely
to a substantial proportion of individuals not seeking
medical attention at an earlier stage of MCI. These find-
ings call for better predictions of prognosis for the grow-
ing number of older patients with cognitive impairment
in primary care.
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