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Mild cognitive impairment
Incidence and vascular risk factors in a population-based cohort

ABSTRACT

Objective: We examined the incidence of mild cognitive impairment (MCI) and its potential vascu-
lar risk factors in a prospective population-based study.

Methods: An age-stratified random population-based cohort (baseline n5 1,982), followed for up
to 4 years, was annually assessed for cognitive and everyday functioning. Incidence rates were
calculated for both cognitive (neuropsychological [NP]-MCI) and functional (Clinical Dementia
Rating [CDR] 5 0.5) definitions of MCI. Several measures of vascular, metabolic, and inflamma-
tory risk were assessed at baseline. Risk factor analyses used interval censoring survival models,
followed by joint modeling of both MCI and attrition due to mortality and illness.

Results: Incidence rates for NP-MCI and CDR 5 0.5 were 95 and 55 per 1,000 person-years. In
individual joint models, risk factors for NP-MCI were diabetes and adiposity (waist: hip ratio), while
APOE e4 genotype and heart failure increased risk of attrition. Adiposity, stroke, heart failure, and
diabetes were risk factors for nonamnestic MCI. For CDR 5 0.5, risk factors were stroke and
heart failure; heart failure and adiposity increased risk of attrition. In multivariable joint models
combining all risk factors, adiposity increased risk of NP-MCI, while stroke and heart failure
increased risk for CDR 5 0.5. Current alcohol use appeared protective against all subtypes.

Conclusion: Incidence of MCI increased with age regardless of definition and did not vary by sex
or education. Several vascular risk factors elevated the risk of incident MCI, whether defined cogni-
tively or functionally, but most were associated with nonamnestic MCI and CDR 5 0.5. Controlling
vascular risk may potentially reduce risk of MCI. Neurology� 2013;80:2112–2120

GLOSSARY
AD 5 Alzheimer disease; BMI 5 body mass index; CDR 5 Clinical Dementia Rating; CI 5 confidence interval; HDL 5 high-
density lipoprotein; HR 5 hazard ratio; LDL 5 low-density lipoprotein; MCI 5 mild cognitive impairment; NP 5 neuropsycho-
logical; TC 5 total cholesterol; WHR 5 waist:hip ratio.

Mild cognitive impairment (MCI) is a cognitive state intermediate between normal cognitive
aging and dementia, a definition implying neither a specific outcome nor a specific etiology.
In specialty clinical settings, where MCI is typically an early manifestation of progressive neuro-
degenerative disorders such as Alzheimer disease (AD), it progresses to dementia at an annual rate
of 10%–15%.1 At the population level, MCI is identified not by patients seeking care but by
systematic assessment of defined samples; here, the majority remain mildly impaired, some pro-
gress to dementia, while others improve or even revert to normal. Like prevalence, outcomes of
MCI vary according to its definition.2–7

Clearly, “source matters.”8 MCI at the population level is more heterogeneous than MCI in
the specialty clinic, where there may be less vascular comorbidity. In community studies, several
vascular factors are associated with concurrent cognition and MCI, and predict progression to
cognitive decline, dementia, and brain changes9–12; the most common neuropathologic picture is
mixed vascular and degenerative disease.13

There is minimal literature on vascular risk factors for incident MCI,14–16 based on prospec-
tive follow-up of initially healthy individuals. Prospective studies suffer inevitable attrition, with
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some participants dropping out before they
can develop MCI. Attrition itself can be a
source of bias due to competing risks, if the
same factors elevate both risk of MCI and like-
lihood of attrition.6,17,18

From a population-based cohort study of
older adults, we report 1) the incidence of
MCI in previously normal older adults and 2)
the associations of several premorbid vascular
risk factors with incident MCI, adjusting for
attrition bias by jointly modeling MCI and
attrition.19,20

METHODS Study site and population. Our study cohort,

the Monongahela-Youghiogheny Healthy Aging Team, is an age-

stratified random population sample drawn from the publicly avail-

able voter registration lists for a small-town region of Pennsylvania.21

Standard protocol approvals, registrations, and consents.
Community outreach, recruitment, and assessment protocols

were approved by the University of Pittsburgh institutional

review board for protection of human subjects. All participants

provided written informed consent.

Recruitment criteria were age 65 years or older, living within

the selected towns, and not already in long-term care institutions.

Individuals were ineligible if they were too ill to participate, had

severe vision or hearing impairments, or were decisionally inca-

pacitated. We recruited 2,036 individuals over a 2-year period.

Since the project was designed to study MCI, we screened out

those who exhibited substantial impairment by scoring ,21/30

on the age- and education-corrected Mini-Mental State Exami-

nation.22,23 The remaining 1,982 individuals were representative

of older adults in the targeted communities (mean [SD] age 77.6

[7.4] years; 61.1% women; 94.8% of mixed European descent;

median educational level of high school graduate).21 They under-

went a detailed in-home assessment including, but not limited to,

the elements below.

Assessments. At baseline and at each annual data collection

cycle, we assessed cognitive functioning using a comprehensive

test battery tapping the cognitive domains of attention/processing

speed, executive function, memory, language, and visuospatial

functions. For each domain, we created a composite score (mean

age- and education-adjusted Z score).4 We also assessed several

aspects of everyday cognitively driven functioning to rate partic-

ipants on the Clinical Dementia Rating (CDR) scale.4,24

Mild cognitive impairment definitions. At each data collec-

tion wave, we classified participants as to the presence of MCI

according to a purely cognitive classification4 and the purely func-

tional CDR,24,25 disregarding previous years’ classifications of the

same individuals.

Cognitive classification. We classified individuals as cogni-

tively normal if all of their cognitive domain scores fell within

1.0 SD of the appropriate mean, based on our previously pub-

lished norms21; as severely cognitively impaired if 2 or more

domain scores fell 2 or more SDs below the appropriate mean;

and as MCI if one or more scores fell 1.0 SD below the mean

without meeting criteria for severe cognitive impairment.4 We

further classified cognitive (neuropsychologically defined) MCI

(NP-MCI) into amnestic and nonamnestic subtypes based on the

presence or absence of memory impairment.4 At baseline (cycle 1),

of 1,982 participants assessed, 697 (35.1%) were classified as

prevalent MCI, 54 (2.7%) as severely cognitively impaired, and

41 (1.2%) as having insufficient cognitive data for classification;

1,190 (60%) were cognitively normal and thus at risk for future

incident NP-MCI.

Clinical Dementia Rating. Based solely on cognitively

driven functional decline, independent of neuropsychological test

scores, we designated as MCI those participants who received

CDR ratings of 0.5.24,25 At baseline, 546 (27.8%) were rated as

mildly impaired (CDR5 0.5), 23 (1.2%) as having at least mild

dementia (CDR$ 1), and 1,413 (71.3%) as normal (CDR5 0)

and thus at risk for incident functional MCI (CDR 5 0.5).

Incidence. During the 4 annual follow-up assessments (cycles

2–5), incident NP-MCI cases were those who transitioned to

NP-MCI from normal cognition at baseline, and incident

CDR 5 0.5 cases were those who progressed to CDR 5 0.5

from baseline CDR 5 0.

We excluded 5 incident cases who progressed directly from

normal cognition to severe cognitive impairment and 4 incident

cases who progressed directly from CDR 5 0 to CDR $1 with-

out being observed at the MCI state.

We censored observation at the point when participants were

classified as incident cases. However, since the study is ongoing,

we have follow-up data on some individuals beyond their devel-

opment of MCI. We are thus able to identify “fluctuators” whose

MCI status subsequently reverted to normal cognition (n5 186)

or CDR 5 0 (n 5 49). Since they were likely contributing to

MCI heterogeneity, we removed them from the incidence and

risk factor analyses reported here. In post hoc analyses, we

repeated the analyses including these fluctuators.

Potential baseline vascular risk factors. Potential baseline
vascular risk factors are detailed in table 1.

History. We asked participants about health history using a

standardized questionnaire for each item, i.e., “Has a health care

professional ever told you that you had ____ (stroke, TIA, heart

attack/myocardial infarction, congestive heart failure, irregular

heart rhythm, diabetes mellitus, high blood pressure/hypertension,

high cholesterol?).” We asked whether they had ever undergone

heart pacemaker insertion, heart catheterization, or coronary bypass

surgery, and about current and past smoking and alcohol consump-

tion. Self-reported health history, typical of population surveys, is

sufficiently reliable in cognitively intact individuals; we lacked med-

ical record information to confirm self-report and neuroimaging

data to identify silent infarcts.

Examination. The physical examination protocol in all partici-

pants included measurement of systolic and diastolic blood pressure

inmmHg andmeasurement of waist and hip circumference in inches.

We calculated waist:hip ratio (WHR), a measure of central adiposity26

that, unlike body mass index (BMI), does not require the individual to

stand on a scale to be weighed or stand fully upright to have height

measured.

Laboratory tests. We requested all participants, with specific

informed consent, to provide nonfasting blood samples for mea-

surement of cholesterol, for APOE e4 genotyping, and for bank-

ing for unspecified future tests related to aging and health. We

assayed total cholesterol (TC) and high-density lipoprotein

(HDL) cholesterol, calculating low-density lipoprotein (LDL)

cholesterol as (TC 2 HDL).

To examine vascular risk in finer-grained detail, we conducted

an exploratory study of 6 vascular/metabolic/inflammatory markers:

ApoA1 (the lipoprotein for HDL cholesterol), ApoB (the lipoprotein

for LDL cholesterol),27 cystatin-C (a measure of glomerular func-

tion that is unaffected by race, sex, muscle mass, or diet, and in

older adults primarily reflects atherosclerotic burden),28 HbA1c
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(glycosylated hemoglobin, which measures glycemic control over

the preceding 3 months),29 homocysteine (an amino acid whose

elevation is associated with atherosclerosis),30 and C-reactive protein

(an inflammatory marker also associated with atherosclerosis).31

These assays were performed at baseline in banked serum speci-

mens drawn from a randomly selected subgroup of 559 participants

with and withoutMCI. Here we include data from the 257 of them

who had baseline normal cognition or CDR 5 0 and at least one

follow-up, acknowledging that the resulting models would have

limited power to detect small effects.

Tracking and attrition. We contacted participants by telephone

every 3 months to ascertain their status and update key information

between annual visits. We excluded from these analyses the early

dropouts who were lost to follow-up after their baseline assessment

and contributed no follow-up data. Those lost after at least one

follow-up assessment, due to death or illness, were designated as

informative dropouts, while dropouts for other reasons (e.g., reloca-

tion) were designated as random dropouts. As expected, the early

dropouts and the informative dropouts were older, more likely to

have MCI at baseline, and more likely to have more vascular risk

factors, than the random dropouts and those who continued to par-

ticipate (table e-1 on theNeurology®Web site at www.neurology.org).

Statistical analyses. Incidence rates for NP-MCI and CDR5 0.5

were estimated per 1,000 person-years of follow-up, by age, overall,

separately for men and women, for 3 educational levels, and sepa-

rately for amnestic and nonamnestic MCI (figure, table e-2), using

statistical software STATA v.12.

Risk modeling. Risk modeling is detailed in tables 2–4.

Rather than a specific date of onset of MCI, we have the

assessment cycle when incident MCI was first detected. There-

fore, we employed interval censoring survival models32 to identify

the hazard ratio for incident cognitive impairment associated with

each risk factor, using statistical software SAS v. 9.2. We first fit

individual models unadjusted for covariates, and then adjusted for

demographics (age, sex, education) (tables 2 and 3).

Next, using joint modeling,19,20 we simultaneously modeled

risks of MCI and attrition, thereby adjusting for potential bias

due to the same risk factor influencing the hazards of both MCI

and attrition. For each risk factor, we fit individual joint models for

NP-MCI, CDR 5 0.5, and combined NP-CDR MCI (tables 2

and 3). Where significant associations were found, we included

interaction terms for risk factor 3 demographic factor (age, sex,

education). We also fit separate models for incident amnestic and

nonamnestic MCI (table 4).

Finally, we fit combined multivariable joint models for

NP-MCI and CDR 5 0.5, including all variables significant in

the individual models, adjusting for demographics and APOE e4
genotype (table 4).

To identify risk factors independently associated with attrition

from death or illness, we also fit joint models including variables

found associated with attrition in a separate backward selection

model.

In post hoc analyses, we refit the joint models for NP-MCI,

amnestic MCI, nonamnestic MCI, and CDR 5 0.5 including

the “fluctuators” who subsequently reverted to normal.

RESULTS Over 4 annual assessments (cycles 2–5),
255 individuals (24.9%) developed incident NP-MCI,

Table 1 Vascular/metabolic/inflammatory risk variables

Vascular risk factor How measured n/N (cognitive) n/N (CDR)

Cerebrovascular disease History of stroke 24/871 32/1,204

History of TIA 76/871 87/1,204

Coronary heart disease History of heart attack or heart catheterization,
or heart bypass surgery

246/870 333/1,203

Cardiac arrhythmia History of irregular heartbeat or heart pacemaker 250/870 330/1,205

Congestive heart failure History of congestive heart failure 74/870 98/1,205

Hypertension History of high blood pressure or systolic blood
pressure $140 mm Hg

803/869 1,103/1,203

Diabetes mellitus History of diabetes or HbA1c $6 286/333 398/472

Adiposity/body mass Waist:hip ratio (continuous) Range 0.62–1.22 Range 0.59–1.22

Serum cholesterol and lipoproteins History of high cholesterol or TC $200 637/874 858/1,202

HDL $50 or ApoA1 $120 305/481 409/649

ApoB $100 or LDL (TC 2 HDL) $130 297/481 419/649

ApoB: ApoA1 ratio (continuous) Range 0.25–1.37 Range 0.26–1.36

Atherosclerotic/metabolic/inflammatory markers Homocysteine $10 158/256 214/350

C-reactive protein $10 16/256 23/350

Cystatin-C $1 131/256 165/350

Alcohol consumption Current use (during past year) 603/871 814/1,206

Previous use (more than a year ago) 150/871 214/1,206

Cigarette smoking Current use (during past year) 58/870 93/1,203

Previous use (more than a year ago) 390/870 515/1,203

APOE e4 gene carrier status 160/811 232/1,116

Abbreviations: CDR 5 Clinical Dementia Rating; HDL 5 high-density lipoprotein; LDL 5 low-density lipoprotein; TC 5 total cholesterol.
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while 346 (33.41%) were lost to follow-up. Based on
2,737.476 person-years of follow-up, the overall inci-
dence rate for NP-MCI was 95 per 1,000 person-years.
Similarly, 212 individuals (15.84%) developed inci-
dent CDR 5 0.5, while 226 (16.57%) were lost to
follow-up. Based on 3,909.261 person-years of follow-
up, the overall incidence rate for CDR 5 0.5 was 55
per 1,000 person-years. We also calculated age-specific
incidence rates for subtypes and subgroups (figure,
table e-2). Of 692 individuals normal at baseline in
both cognition and CDR, 51 participants developed
both incident NP-MCI and CDR 5 0.5.

Risk and protective factors for cognitively defined

NP-MCI. In the individual models (table 2), unad-
justed for demographics or attrition, we found stroke,
WHR, and cystatin-C significantly increased risk,
while current alcohol use reduced risk. After adjust-
ment for demographics, cystatin-C lost statistical sig-
nificance while stroke, WHR, and alcohol remained

significant. With further adjustment for attrition bias
(joint modeling), stroke lost significance, WHR and
alcohol remained significant, and diabetes mellitus/
HbA1c became a significant risk factor. No interac-
tions with demographics were significant. Heart fail-
ure and APOE e4 carrier status significantly increased
risk of attrition (not in table).

In the final combined multivariable joint model
(table 4) for NP-MCI, including all the covariates sig-
nificant in the individual models, adjusting for demo-
graphics and APOE e4 genotype, WHR increased risk
while alcohol reduced risk.

For NP-MCI subtypes (table 4), the joint models
revealed no significant risk factors for amnestic MCI,
although APOE e4 genotype approached significance.
Risk of nonamnestic MCI was increased by stroke,
diabetes, and WHR, and reduced by elevation of
HDL or its lipoprotein ApoA1. Current drinking
reduced risk for both subtypes.

Figure Mild cognitive impairment incidence rate by sex and by education

Age-specific mild cognitive impairment (MCI) incidence rate (per 1,000 person-years) for the overall sample, and by sex and education, as defined by
neuropsychological classification (A and B) and Clinical Dementia Rating (C and D).
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Risk and protective factors for functionally defined MCI

(CDR 5 0.5). In the unadjusted individual models
(table 3), stroke and cardiac arrhythmia increased
risk, while high cholesterol, current drinking, and
previous smoking reduced risk. After adjustment for
demographics, only stroke and current drinking re-
mained significant. In the joint models, stroke,
arrhythmia, and heart failure were significant risk
factors, while alcohol remained significant (table 3).

When the models with significant associations
were refit to include interaction terms for age 3 risk
factor and sex 3 risk factor, the age 3 heart failure
interaction was significant (hazard ratio [HR] 0.964,
confidence interval [CI] 0.94–0.99, p5 0.017), i.e.,
the association between heart failure and CDR 5

0.5 weakened with increasing age, with heart failure
exerting no effect after age 81. Heart failure and
WHR both significantly increased attrition risk
(not in table).

In the final combined joint model including all the
covariates significant in the individual models and ad-
justing for demographics and APOE e4 genotype,
stroke and heart failure increased risk while current
drinking reduced risk (table 4).

Combined cognitive-functional MCI. To explore risk
associations for the incidence of combined NP-MCI
and CDR 5 0.5, with only 51 cases over 4 years, we
included only the variables that were collected from all
participants, as the subsample with data on serum
markers was too small (n 5 14). Adjusting for demo-
graphics and attrition, the only significant association
was a protective effect for current alcohol use (table 4).

Post hoc analyses including “MCI fluctuators.” Inclu-
sion of “fluctuators,” who reverted to normal after
developing MCI, resulted in an expanded sample in
which the effects of vascular variables appeared
diluted. For incident NP-MCI, no significant associ-
ations were found in the joint models. For amnestic
MCI, risk was increased by APOE e4 genotype (HR
1.47, CI 1.05–2.07, p 5 0.03) and reduced by cur-
rent drinking (HR 0.69, CI 0.48–0.99, p 5 0.05).
Stroke increased risk of nonamnestic MCI (HR 1.57,
CI 1.12–2.20, p5 0.01) and CDR5 0.5 (HR 1.51,
CI: 1.09–2.10, p 5 0.014).

DISCUSSION In a large population-based cohort of
older adults, carefully characterized at enrollment

Table 2 Individual vascular risk factors for incidence of neuropsychologically defined mild cognitive impairment

Vascular risk factor
variable (see table 1)

Interval censoring models
without adjustment

Interval censoring models
adjusted for demographics

Interval censoring models adjusted for
demographics with joint modeling of attrition

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Stroke 2.46 (1.37–4.42)a 0.003a 2.34 (1.29–4.22)a 0.005a 1.21 (0.86–1.69) 0.28

Coronary heart disease 0.91 (0.69–1.21) 0.52 0.91 (0.69–1.20) 0.51 0.95 (0.83–1.09) 0.49

Cardiac arrhythmia 1.02 (0.78–1.34) 0.89 0.99 (0.75–1.30) 0.92 0.96 (0.84–1.09) 0.51

Heart failure 1.28 (0.84–1.95) 0.26 1.10 (0.72–1.69) 0.65 1.14 (0.91–1.43) 0.26

Hypertension 1.40 (0.83–2.36) 0.21 1.35 (0.80–2.27) 0.26 1.13 (0.90–1.41) 0.31

Diabetes mellitus 1.94 (0.89–4.24) 0.10 1.75 (0.80–3.83) 0.16 1.51 (1.04–2.20)a 0.03a

Adiposity (WHR) 5.06 (1.23–20.89)a 0.03a 13.85 (2.32–82.61)a 0.004a 2.66 (1.15–6.17)a 0.02a

High cholesterol 0.77 (0.60–1.01) 0.06 0.90 (0.69–1.17) 0.41 0.99 (0.86–1.13) 0.50

HDL or ApoA1 0.80 (0.56–1.13) 0.21 0.80 (0.56–1.14) 0.21 0.88 (0.75–1.03) 0.11

LDL or ApoB 0.81 (0.57–1.14) 0.23 0.75 (0.52–1.08) 0.12 0.95 (0.81–1.11) 0.50

ApoB:ApoA1 ratio 1.05 (0.31–3.55) 0.94 1.02 (0.29–3.64) 0.97 1.09 (0.55–2.20) 0.80

Homocysteine 1.21 (0.72–2.04) 0.46 0.93 (0.54–1.61) 0.79 0.94 (0.70–1.26) 0.67

CRP 1.71 (0.73–3.99) 0.22 1.81 (0.76–4.3) 0.18 1.47 (0.91–2.37) 0.12

Cystatin-C 2.02 (1.19–3.43)a 0.01a 1.64 (0.96–2.83) 0.07 1.26 (0.95–1.69) 0.11

APOE e4 genotype 0.95 (0.68–1.31) 0.74 1.04 (0.75–1.44) 0.83 1.06 (0.89–1.25) 0.53

Current alcohol 0.51 (0.37–0.71)a ,0.001a 0.64 (0.45–0.89)a 0.01a 0.79 (0.62–0.99)a 0.01a

Previous alcohol 0.79 (0.54–1.17) 0.24 0.87 (0.59–1.30) 0.50 0.86 (0.70–0.95) 0.15

Current smoking 0.90 (0.51–1.51) 0.69 1.17 (0.69–1.97) 0.57 0.96 (0.75–1.23) 0.76

Previous smoking 0.90 (0.70–1.17) 0.44 1.01 (0.77–1.33) 0.93 0.95 (0.84–1.08) 0.43

Abbreviations: CI 5 confidence interval; CRP 5 C-reactive protein; HDL 5 high-density lipoprotein; HR 5 hazard ratio; LDL 5 low-density lipoprotein;
WHR 5 waist:hip ratio.
a Significant.
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and reassessed annually over 4 years of follow-up,
MCI incidence rates increased with age and were
unaffected by age and education. Our estimates were
within the ranges reported by others,2 but we did not
find sex differences, as others have done.33 Direct
comparisons are precluded by the variation among
studies in their precise operational definitions of
MCI, although most definitions include both cogni-
tive and functional components, which we separated
for this study. NP-MCI had a higher incidence rate
than functionally defined MCI (CDR 5 0.5), con-
sistent with a model of progressive disease in which
objective cognitive impairment precedes clinically
apparent functional impairment.34 Also consistent with
this model, risk factors for vascular disease (diabetes
and adiposity) predicted incidence of NP-MCI, while
overt vascular disease with end-organ damage (stroke
and heart failure) predicted incidence of CDR 5 0.5
MCI. Only the relationship between heart failure and
CDR 5 0.5 weakened with age. No significant risk
factors were found for amnestic MCI, which is often
an early stage of AD. Small sample size may be rele-
vant; the effect of the APOE e4 genotype approached
significance, and was significant when fluctuators were
included, but APOE e4 also increased risk of attrition.

Nonamnestic MCI likely also includes early stages of
vascular or mixed vascular-degenerative brain disease as
well as nonprogressive conditions, potentially explain-
ing the protective effect of HDL cholesterol. Possibly,
individuals with stroke and heart failure also had phys-
ical impairments that exacerbated the functional
impairment detected by the CDR. Current alcohol
consumption appeared protective against all MCI def-
initions, potentially reflecting the known cardioprotec-
tive effects of moderate alcohol use35; previous drinking
likely reflects those who quit drinking for health-related
reasons with adverse cognitive consequences. Remark-
ably, adiposity as measured by WHR was the strongest
risk factor for NP-MCI; abdominal obesity and diabe-
tes are components of the metabolic syndrome, which
increases risk of heart disease36 and AD risk.37,38

Adjustment of models for demographics and attrition
weakened all the significant associations, suggesting
that MCI and attrition share many common risk
factors.6,17,18

Our prospective, population-based study used
operational criteria to define MCI in 2 distinct and
independent ways and simultaneously examined mul-
tiple vascular risk factors for incident MCI. Uniquely,
we adjusted for attrition bias and possible competing

Table 3 Individual vascular risk factors for incidence of functionally defined mild cognitive impairment (CDR 5 0.5)

Vascular risk factor variable (see table 1)

Interval censoring models
without adjustment

Interval censoring models
adjusted for demographics

Interval censoring models adjusted for
demographics with joint modeling of attrition

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Stroke 2.37 (1.37–4.63)a 0.003a 2.88 (1.55–5.33)a 0.001a 1.50 (1.09–2.09)a 0.02a

Coronary heart disease 1.24 (0.92–1.66) 0.16 1.10 (0.82–1.48) 0.52 1.07 (0.93–1.22) 0.34

Cardiac arrhythmia 1.42 (1.07–1.90)a 0.02a 1.27 (0.95–1.70) 0.10 1.10 (0.96–1.26) 0.16

Heart failure 1.53 (0.98–2.38) 0.06 1.24 (0.79–1.94) 0.34 1.25 (1.01–1.55)a 0.04a

Hypertension 1.25 (0.74–2.11) 0.41 1.18 (0.70–2.01) 0.53 1.04 (0.83–1.30) 0.72

Diabetes mellitus 1.63 (0.74–3.58) 0.23 1.60 (0.60–2.87) 0.51 1.20 (0.84–1.72) 0.32

Adiposity (WHR) 0.45 (0.10–2.11) 0.31 0.58 (0.09–3.88) 0.57 1.15 (0.46–2.87) 0.77

High cholesterol 0.75 (0.56–0.998)a 0.05a 0.88 (0.66–1.18) 0.40 0.96 (0.84–1.09) 0.50

HDL or ApoA1 1.18 (1.30–1.79) 0.46 1.14 (0.74–1.74) 0.55 1.03 (0.86–1.23) 0.75

LDL or ApoB 0.73 (0.48–1.10) 0.13 0.72 (0.47–1.09) 0.12 0.90 (0.75–1.07) 0.24

ApoB:ApoA1 ratio 0.22 (0.05–1.05) 0.06 0.66 (0.05–1.09) 0.06 0.55 (0.27–1.13) 0.10

Homocysteine 1.06 (0.61–1.86) 0.83 0.64 (0.35–1.18) 0.15 0.83 (0.62–1.10) 0.20

CRP 0.87 (0.27–2.79) 0.81 0.91 (0.28–2.94) 0.88 0.98 (0.57–1.68) 0.93

Cystatin-C 1.37 (0.79–2.37) 0.26 0.83 (0.46–1.50) 0.54 0.77 (0.57–1.05) 0.10

APOE e4 genotype 1.07 (0.76–1.50) 0.71 1.20 (0.85–1.69) 0.29 1.03 (0.89–1.20) 0.70

Current alcohol 0.44 (0.31–0.63)a ,0.001a 0.61 (0.43–0.87)a 0.01a 0.81 (0.68–0.96)a 0.01a

Previous alcohol 0.88 (0.59–1.30) 0.51 0.91 (0.61–1.37) 0.66 0.92 (0.75–1.12) 0.39

Current smoking 0.69 (0.39–1.23) 0.21 1.14 (0.64–2.04) 0.65 0.90 (0.69–1.17) 0.41

Previous smoking 0.66 (0.50–0.89)a 0.01a 0.84 (0.62–1.14) 0.26 0.91 (0.80–1.04) 0.18

Abbreviations: CDR 5 Clinical Dementia Rating; CI 5 confidence interval; CRP 5 C-reactive protein; HDL 5 high-density lipoprotein; HR 5 hazard ratio;
LDL 5 low-density lipoprotein; WHR 5 waist:hip ratio.
a Significant.
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risks through joint modeling. We also identified indi-
viduals whose cognitive status fluctuated after initial
development ofMCI. Their inclusion in the models ap-
peared to dilute the findings, perhaps due to underlying
conditions that themselves fluctuate or are transient,
increasing etiologic heterogeneity. Measurement error
can also occur in the detection of mild deficits, partic-
ularly when forcing inherently continuous variables like
cognition and everyday functioning into discrete cate-
gories like MCI. For example, relatively small changes
could shift individuals initially performing at the high
end of the MCI range into the low end of the normal
range, and vice versa. Longer follow-up of the cohort,
and expansion of the exploratory study of serum
markers, would increase power to detect smaller risk
effects. Replication in more ethnically diverse cohorts
would enhance external validity. Only cohort studies

beginning in early adulthood can examine midlife risk
factors and test for the nonlinear relationships of
vascular factors previously observed with dementia
in decades-long studies.9

Growing evidence suggests that, outside the spe-
cialty referral clinical setting, MCI is a heterogeneous
entity with a range of outcomes,3 implying multiple
etiologic factors. Numerous cross-sectional studies
show that various vascular, metabolic, and inflamma-
tory markers are concurrently associated with MCI
and dementia, while longitudinal studies show that
these factors predict cognitive decline and progression
from MCI to dementia.9–12 Clusters of vascular risk
factors, such as the metabolic syndrome36,38 and the
stroke risk profile,11,39 have proven informative. A few
previous studies have also reported vascular risk fac-
tors predicting the incidence of new-onset MCI in

Table 4 Additional joint models for MCI risk factors, adjusting for demographics and attrition

Individual joint risk factor models,
HR (95% CI), p value

Final combined multivariable
risk factor models, HR
(95% CI), p valueaNP-MCI subtypesb

Combined NP-MCI
and CDR 5 0.5b

(n 5 51)
Amnestic MCI
(n 5 59)

Nonamnestic MCI
(n 5 196)

NP-MCIc

(n 5 255)
CDR 5 0.5
(n 5 212)

Waist:hip ratio 1.10 4.14 1.04 2.42 NA

(0.15–8.11), (1.58–10.90), (0.09–11.99), (1.05–5.60),

0.45 0.004d 0.57 0.04d

Stroke 1.16 1.69 1.56 NA 1.48

(0.55–2.45), (1.15–2.47), (0.42–5.82), (1.10–1.98),

0.70 0.008d 0.51 0.009d

Diabetes mellitus 1.21 1.78 1.66 NA NA

(0.59–2.47), (1.06–2.97), (0.52–5.33),

0.43 0.03d 0.40

Heart failure 1.21 1.13 1.45 NA 1.28

(0.75–1.94), (0.88–1.44), (0.84–2.49), (1.03–1.59),

0.43 0.33 0.18 0.03d

Current alcohol 0.67 0.79 0.67 0.81 0.78

(0.46–0.97), (0.65–0.96), (0.46–0.98), (0.67–0.97), (0.65–0.93),

0.03d 0.018d 0.04d 0.02d 0.006d

APOE e4 genotype 1.37 0.91 0.92 0.81 1.04

(0.97–1.94), (0.76–1.08), (0.57–1.50), (0.87–1.22), (0.90–1.21),

0.07 0.29 0.75 0.72 0.60

HDL ‡50 or ApoA1 ‡120 1.06 0.81 1.44 NA NA

(0.70–1.61), (0.68–0.97), (0.78–2.63),

0.80 0.02d 0.24

Abbreviations: CDR 5 Clinical Dementia Rating; CI 5 confidence interval; HDL 5 high-density lipoprotein; HR 5 hazard
ratio; MCI 5 mild cognitive impairment; NA 5 not applicable; NP 5 neuropsychological.
a Including all risk factors significant in the individual models, demographics, and APOE e4 carrier status.
bExcluding all serum markers because of small sample size.
c Excluding diabetes/HbA1c because of small sample size.
dSignificant.
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individuals who were previously cognitive intact.14–16

The underlying mechanisms likely involve both direct
ischemic-hypoxic damage and interactions between
vascular and degenerative pathology.

Taken together, the evidence seems incontrovert-
ible that vascular factors contribute to the majority of
cases of MCI in the population. Without detracting
from critically important work in modifying the amy-
loid cascade of AD,40 focus must be expanded on
potential clinical and public health impact of improved
detection and control of vascular risk. As life expec-
tancy improves for individuals with vascular disease,
e.g., stroke survivors, the incidence of MCI and demen-
tia will rise. Whether better management of vascular risk
will reduceMCI, or prevent or delay progression ofMCI
to dementia, remains to be investigated.
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