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Abstract

Background—Hospitalization, critical illness, and infection have each been linked to cognitive
decline and dementia. However, the degree to which these hospital events are associated with
underlying brain abnormalities in older adults is less clear. Within the Atherosclerosis Risk in
Communities Study (ARIC), we examined the association of hospitalization, critical illness, and
infection occurring during middle- and late-life with structural brain abnormalities in older adults.

Methods—Active surveillance of local hospitals and annual participant contact were used to
gather hospitalization information (including ICD-9 codes) on all ARIC participants over a 24-
year surveillance period. Subsequently, a subset of participants underwent a 3T brain MRI to
quantify total and regional brain volumes, white matter hyperintensity (WMH) volume, and white
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matter microstructural integrity (fractional anisotropy [FA] and mean diffusivity [MD] as
measured by diffusion tensor imaging [DTI]).

Results—Of the 1,689 participants included (age at MRI: 76[5]), 72% were hospitalized, 4% had
a critical illness, and 14% had a major infection during the surveillance period. Using covariate-
adjusted regression, hospitalization, compared to no hospitalization, was associated with 0.12
standard deviation (SD) greater WMH volume (95% CI: 0.00, 0.24) and poorer white matter
microstructural integrity (0.17 SD lower FA [CI: -0.27, —0.06] and 0.16 SD greater MD [CI: 0.07,
0.25]). There was a dose-dependent relationship between number of hospitalizations, smaller brain
volumes, and lower white matter integrity (p-trends <0.048). Among hospitalized participants,
critical illness was associated with a smaller Alzheimer’s disease Signature Region (-1.64 cm?,
Cl: -3.16, —0.12); major infection was associated with both a smaller Alzheimer’s disease
Signature Region (-1.28 cm?, Cl: =2.21, -0.35) and a larger ventricular volume (3.79 cm?3, CI:
0.81, 6.77).

Conclusions—Whereas all-cause hospitalization was primarily associated with lower white
matter integrity, critical illness and major infection were associated with smaller brain volume,
particularly within regions implicated in Alzheimer’s disease.
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INTRODUCTION

Accumulating evidence suggests that acute illness may play a significant and previously
unrecognized role in promoting or accelerating neurodegenerative disease in older adults.1:2
Specifically, hospitalization,3 critical illness,* and acute infection® have each been linked to
subsequent cognitive decline and incident dementia. However, the mechanism for these
associations is poorly understood. One hypothesis is that events associated with
hospitalization may initiate or exacerbate pathophysiological processes that underlie
structural neurodegenerative changes, increasing the risk for cognitive and functional
decline, and ultimately, dementia.

In support of this hypothesis, our group has previously published results from the
Atherosclerosis Risk in Communities (ARIC) Study demonstrating a link between the
occurrence of hospitalization over an 11-year period and both cognitive decline and
increased ventricular size.> However, participants in this initial study were generally younger
than 75 years of age, the hospitalization surveillance period was relatively brief, and
measures of white matter (WM) microstructural integrity were unavailable. Since this
previous report,! an older and significantly larger group of participants (some of whom
contributed data to our prior paper) have returned for a 3T brain MRI as part of the ARIC
Neurocognitive Study. This has allowed us to examine the effects of hospitalization, critical
illness, and infection, occurring over a 24-year period, on the underlying brain structure of a
biracial cohort of adults transitioning from midlife to older adulthood. Using a large sample
of community-dwelling individuals, we tested the hypothesis that hospitalization,
particularly for critical illness and major infection, is associated with smaller total and
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regional brain volume, greater white matter hyperintensity (WMH) volume, and lower WM
microstructural integrity among older adults.

Study population

We analyzed data from the ARIC Study, an ongoing community-based prospective study;,
which initially enrolled 15,792 participants between ages 45 and 64 from 1987-89 (Visit 1).
Participants were selected from four U.S. communities: Washington County, MD; Forsyth
County, NC; northwestern suburbs of Minneapolis, MN; and Jackson, MS.6 Participants
underwent a baseline examination (Visit 1), and four additional in-person follow-up
examinations (Visits 2-5; Figure 1). Structured interviews and medical examinations were
conducted at each visit. ARIC Study protocols were approved by the Institutional Review
Boards at each participating center. All participants gave written informed consent.

A subset of participants (/7=1,978) who attended Visit 5 received a brain MRI following their
medical examination. See Supplementary Methods for the detailed MRI selection criteria.
Briefly, we excluded all participants with MRI contraindications and selected all participants
who participated in the Brain MRI Ancillary Study (2004-2006). All participants with
evidence of cognitive impairment at Visit 5 (2011-13) and an age-stratified random sample
of participants without cognitive impairment were also included.” Additional study inclusion
and exclusion criteria are described in Figure 1.

Measurement of hospitalization variables

Brain MRI

Hospitalization events (yes/no, total number) were obtained from annual telephone contact
with participants and active surveillance of local hospitals between Visits 1 and 5. Trained
staff reviewed and abstracted all hospitalization discharge codes. Using ICD-9 codes, we
applied a methodology described previously® to identify the presence of critical illness
during each hospitalization (yes/no). Critical illness was classified as any one of the
following: shock, severe sepsis, acute respiratory failure, hypotension, respiratory or cardiac
arrest, cardiopulmonary resuscitation, and prolonged ventilation. We also classified each
hospitalization as including a major infection (yes/no) using ICD-9 codes for septicemia,
bacterial infection, and pneumonia, as categorized by Clinical Classification Software. We
also defined a second hospitalized infection variable, which included major and non-major
infection, for exploratory purposes (Supplementary Methods).

The acquisition sequence for the ARIC Visit 5 3T MRI has been described previously.” At
each ARIC site, a common set of sequences was performed for all participants: MP-RAGE,
Axial T2*GRE, Axial T2 FLAIR, and Axial DTI. Brain volume was measured from MP-
RAGE sequences using Freesurfer (http:/surfer.nmr.mgh.harvard.edu).® We evaluated total
brain, ventricular, and Alzheimer’s disease (AD) Signature Region volumes. AD Signature
Region was derived by calculating the combined volumes of the parahippocampal gyrus,
entorhinal cortex, inferior parietal lobules, hippocampus, and precuneus.X® WMH volume
(mm?3) was assessed quantitatively from FLAIR images using a computer-aided
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segmentation program (FLAIR-histoseg).11 All analyses were adjusted for total intracranial
volume. Fractional anisotropy (FA) and mean diffusivity (MD) of lobar WM were calculated
from the DTI sequences, as has been described previously (see Supplementary Methods).12
Lower FA and higher MD are associated with poorer WM microstructural integrity. We used
standardized measures of FA and MD for total brain WM.

Covariate Assessment

Participants’ race/center (white-MD/white-MN/white-NC/African American-NC/African
American-MS), sex, and educational attainment (less than high school; high school/GED/
vocational school; any college) were documented based on self-report (current/former/
never). At baseline, body mass index (BMI) was calculated using recorded height and
weight (kg/m?); total cholesterol and triglycerides were measured using the enzymatic
method!3; and high density lipoprotein (HDL) was calculated using dextran-magnesium
precipitation.1* APOE was genotyped using the TagMan assay (Applied Biosystems, Foster
City, CA). Alcohol and cigarette use were documented at Visits 1 and 5 based on self-report
(current/former/never).

The following were assessed at each study visit. Hypertensionwas defined as use of
antihypertensive medication, or systolic or diastolic blood pressure >140 mm Hg and >90
mm Hg, respectively. Diabetes was defined as participant report of physician-diagnosed
diabetes, current use of diabetes medication, or fasting glucose =126 mg/dl, or a non-fasting
glucose of =200 mg/dl. Coronary heart disease (CHD) was adjudicated based on medical
record documentation or participant self-report of previous myocardial infarction, coronary
artery bypass graft or angioplasty, or myocardial infarction as determined by ECG. Heart
failure was defined based on medical record evidence of heart failure-related hospitalizations
or heart failure medication use within two weeks preceding the visit. Chronic Kidney
Disease (CKD) was defined based on estimated glomerular filtration rate (GFR) calculated
using serum creatinine and demographic characteristics.1> Prebronchodilator spirometry
values were used to define chronic obstructive pulmonary disease (COPD).16 Cancer
diagnosis was determined using information from cancer registries and ARIC hospital
surveillance.1’” Dementia was adjudicated by an expert committee based on a review of each
participant’s cognitive and functional status at Visit 5.18

Statistical analysis

Covariate-adjusted linear regression was used to examine the association of hospitalization
variables (exposure) with continuous measures of brain volume and WM integrity
(outcomes). WMH volume was log-transformed to correct for skewness. First, we compared
participants with one or more hospitalization(s) to those with no hospitalization. Second, we
examined the effect of multiple hospitalizations by dividing participants into groups based
on the total number of hospitalizations (0, 1, 2-3, 4-5, =6) and comparing each group to the
group with no previous hospitalizations. Among participants who had been hospitalized, we
made the following comparisons: (1) critical illness vs. no critical illness, and (2) major
hospitalized infection vs. no major infection. We used a hospitalized comparison group to
separate the effect of critical illness and infection from that of hospitalization more
generally. All analyses were adjusted for the following covariates: race/center, education,
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sex, age at MRI, APOE 4 allele status (present/absent), baseline physiological variables
(BM, triglycerides, total cholesterol, HDL), smoking and alcohol use status and prevalent
medical comorbidity (hypertension, diabetes, CHD, heart failure, CKD, and COPD)
occurring before or during the follow-up period, up to the time of MRI (Visit 5).

Regression analyses incorporated sampling weights to account for the ARIC Visit 5 brain
MRI sampling strategy. Therefore, the results presented represent estimates based on the
entire ARIC Visit 5 population. We conducted several sensitivity analyses. To examine the
potential for reverse causation, we repeated analyses after omitting participants with incident
dementia and those who scored below the 51 percentile on a midlife (Visit 2) measure of
global cognitive status. We also repeated analyses after omitting participants with clinical
stroke before Visit 5. Lastly, as an alternative method to control for confounding while
mitigating bias related to differential attrition, we calculated propensity scores!® for attrition
and for each hospitalization event, used these propensity scores to match and compare
participants from distinct exposure groups, and incorporated propensity scores as covariates
in fully-adjusted regression models (Supplementary Methods).20 A two-sided p-value <.05
was used as the cutoff for statistical significance. All analyses were conducted using Stata
Version 14 (StataCorp, College Station, Tex., USA).

We analyzed data from 1,689 participants with a baseline age of 52.7 (SD 5.2), 60% women,
and 28% African American. The average time between Visit 1 and the brain MRI (Visit 5)
was 24 years (SD 1). At Visit 5 (mean age: 76.3 [SD 5.3]), 5% of participants met criteria
for dementia. Seventy-two percent (77=1,214) of participants were hospitalized within the
follow-up period. Compared to participants who were not hospitalized during the follow-up
period, participants who were hospitalized had higher BMIs, lower diastolic blood pressure,
cholesterol, and LDL, were more likely to use cholesterol lowering medication, and had a
greater rate of medical comorbidity at the time of MRI (Table 1).

Hospitalization and late-life MRI variables

Participants with one or more hospitalization displayed greater WMH volume and lower
WM microstructural integrity (FA and MD values), but not smaller brain volume (Table 2),
compared to participants with no hospitalization, even after omitting participants with
critical illness and major infection. These findings were largely unchanged in magnitude and
direction in analyses that excluded participants with incident dementia, midlife cognitive
impairment, and clinical stroke (Supplementary Tables 1-3). We found a dose-dependent
relationship between the number of hospitalizations and greater WMH volume, lower WM
microstructural integrity, and smaller total and regional brain volumes (Figure 2, Table 3; see
also Supplementary Table 4 and Supplementary Figure 1). While significantly lower WM
integrity was observed among individuals with two to three hospitalizations, significantly
smaller brain volumes were only detectable among participants with four to five
hospitalizations.
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Critical illness and late-life MRI variables

Four percent (/7=47) of hospitalized participants had one or more critical illness within the
follow-up period. Compared to participants hospitalized for non-critical illness, participants
hospitalized for critical illness did not differ on measures of WM integrity. However,
participants with critical illness had 3% smaller AD Signature Region volumes (p<.05)
(Table 2). In our regression model, the magnitude of the effect of critical illness on AD
Signature Region volume was over twice that of a single APOE 4 allele (see footnote in
Table 2). No group differences were found on measures of total or ventricular volume.
Associations between critical illness and brain volume were similar after excluding
participants with midlife cognitive impairment and incident dementia, but were attenuated
after omitting individuals with clinical stroke (Supplementary Tables 1-3).

Hospitalized infection and late-life MRI variables

Fourteen percent (7=165) of hospitalized participants had one or more major hospitalized
infection. Compared to participants hospitalized with no major infection, participants with a
major infection did not differ on measures WM integrity, but did demonstrate 2% smaller
AD Signature Region volumes, and 10% larger ventricular volumes (0’s<.05) (Table 2). The
magnitude of the effect of hospitalized infection on AD Signature Region volume was
approximately 1.5 that of a single APOE ¢4 allele. Findings were largely similar after
excluding participants with midlife cognitive impairment, incident dementia, clinical stroke,
and critical illness (Supplementary Tables 1-3 and 5). Infection, defined more broadly to
include both major and non-major hospitalized infections (7=297), was associated with 6%
greater ventricular volume, but was unrelated to AD Signature Region volume
(Supplementary Table 6).

Sensitivity Analyses Using Propensity Score Methods

Our results were largely similar to those of the primary analyses with regard to statistical
significance and direction of association, irrespective of whether propensity score matching
or propensity score covariate adjustment was used (Supplementary Tables 7 & 8). However,
several of the coefficients derived from propensity score-matched analyses were
comparatively larger in magnitude.

DISCUSSION

Using a community-based prospective study, we have shown that all-cause hospitalization,
critical illness, and infection are each associated with evidence of MRI-defined structural
brain abnormalities in a large sample of older adults. Specifically, participants with one or
more hospitalization during a 24-year surveillance period spanning from middle to late-life
who survived into older adulthood demonstrated greater WMH volume and reduced WM
microstructural integrity as older adults. We also found evidence for a dose-dependent
relationship between the number of hospitalizations and late-life MRI measures. While
significant reductions in total and regional brain volume were observed only among
participants with four or more hospitalizations, reductions in WM integrity were found
among participants with as few as two hospitalizations. Among participants who were
hospitalized, those who experienced a critical illness and/or a major infection had smaller
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brain volumes in regions vulnerable to AD in late life. The estimated effects of critical
illness and infection on these brain regions was approximately 2 and 1.5 times that of a
single APOE ¢4 allele, respectively. To provide context, a single APOE e4 allele is
associated with a 3-fold increase in AD risk, and an age of AD onset that is 10 years earlier
than that of older adults without an APOE e4 allele.?! Importantly, our findings were
observed after adjusting for demographic and physiological variables, medical comorbidity,
and APOE genotype, and remained after demented participants were excluded.

In addition to replicating and extending previous findings linking all-cause hospitalization to
reductions in WM integrity and brain volume,! the current results build upon those of
previous studies, which have identified critical illness?2 and infection23 as risk factors for
incident dementia. WM abnormalities and brain volume loss represent markers of
pathological brain changes that are more proximal to the pathophysiology underlying
cognitive decline and dementia. Thus, our findings lend support to the idea that critical
illness and infection promote neurodegenerative brain changes, which may, in turn, set the
stage for late-life cognitive and functional decline. Loss of brain volume in Alzheimer’s
disease relevant regions presumably reduces the threshold at which AD pathology induces
overt clinical symptoms. The effects of critical illness on brain volume may be partially
accounted for by stroke, as the magnitude of these associations was attenuated after
excluding stroke cases. On the other hand, the association of major infection with smaller
brain volume was independent of stroke and critical illness. Infection, even when broadly
defined to include mild or non-life-threatening infections, was associated with brain volume
loss, albeit to a lesser extent than major infection. Although participants with one or more
hospitalization demonstrated greater WMH volume and DTI diffusion abnormalities
compared to those who were not hospitalized, we did not find evidence for the emergence of
additional WM abnormalities attributable to critical illness or infection.

The current study is unique in that it compared participants with critical illness and infection
to a hospitalized control group, allowing us to parse out the neurologic sequelae associated
with each of these exposure variables from that of hospitalization more broadly.
Additionally, the current study had a relatively long follow-up period, which allowed us to
capture hospitalization events and incident medical comorbidity over a two- to three-decade
period beginning in midlife. This is of importance given that (1) the neurodegenerative
processes that may be influenced by our hospitalization variables are suspected to begin
during midlife and gradually evolve over decades,?* and (2) the midlife disease and vascular
risk factors, which increase the risk of hospitalization, have also been associated with late-
life neurodegenerative changes.2> Thus, the extended study design allowed us to adjust for
midlife risk factors and incident medical comorbidity to reduce the likelihood of
confounding. Our findings are further supported by a series of sensitivity analyses which
used propensity score methods to address confounding while also adjusting for bias related
to informative censoring.

Hospitalization, critical illness, and infection may contribute to neurodegenerative brain
changes by promoting inflammation in the periphery and the central nervous system (CNS).
Infection and tissue damage both result in the induction of pro-inflammatory mediators
throughout the body.26:27 Systemic inflammation has been associated with reductions in
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brain volume?® and WM integrity?® and is believed to contribute to neuronal and glial
dysfunction by promoting neuroinflammation and Alzheimer’s pathology,3° blood-brain
barrier dysfunction,3! and changes in cerebral metabolism.32 Additional factors associated
with hospitalization, such as delirium# and iatrogenic medication effects33, may also explain
the associations observed in the present study. However, caution must be exercised in
making causal inferences from the current findings, as there are alternative plausible
explanations. For example, cognitive decline may place individuals at greater risk for
hospitalization, infection, and critical illness34; however, this is unlikely to explain the
current results, as our findings did not change after excluding individuals with incident
dementia or midlife cognitive impairment. Alternatively, hospitalization may be an indicator
of a multi-system aging phenotype (e.g., frailty), which itself may promote structural brain
abnormalities.

The current study has several strengths, including the use of a large community sample, a
relatively long follow-up and surveillance period, a rigorous assessment of medical
comorbidity, and the use of a hospitalized control group. However, there are several
limitations. First, because we relied on ICD-9 codes rather than chart reviews to identify
critical illness and infection, our analyses may be subject to exposure misclassification.
However, ICD-9 codes have been shown to identify such variables with a high level of
sensitivity.3> Second, our analyses are limited by a lack of information about potentially
relevant hospital events, such as delirium. Third, without baseline brain MRIs, it is
impossible to be certain that hospitalization events predated reductions in brain volume and
WM integrity. Fourth, our analysis of multiple outcome variables increases the likelihood of
type-1 error. Therefore, replication will be necessary to corroborate the current findings.
Last, despite our attempts to account for bias using multivariable regression and propensity
score methods, our results may still be subject to bias related to differential rates of death
and study dropout (i.e., informative censoring; Supplementary Table 9) and residual
confounding from indication bias or unmeasured variables. In particular, an increased rate of
attrition among participants with more hospitalization events, major infection, and critical
illness may have biased the findings in favor of the null hypothesis. Despite these
limitations, our findings provide insight into the previously described link between
hospitalization, critical illness, infection, and dementia. By demonstrating an association
between hospitalized events and abnormalities in brain structure, our results highlight the
potential role of hospitalization, critical illness, and infection in the pathological processes
underlying cognitive decline and neurodegenerative disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPACT STATEMENT
1. We certify that this work is both novel and confirmatory.
2. Below, we have cited the relevant research that our work confirms and

expands upon.

Brown CH, Sharrett AR, Coresh J, et al. Association of hospitalization with
long-term cognitive and brain MRI changes in the ARIC cohort. Neurology
2015;84(14):1443-1453. doi:10.1212/WNL.0000000000001439.

3. To our knowledge, this is first large prospective cohort study to demonstrate
that critical illness and infection during middle- and late-life are
independently associated with the structural brain abnormalities underlying
cognitive decline and Alzheimer’s disease in older adults. We confirm and
expand upon a previous study using this cohort, which reported a relationship
between all-cause hospitalization and lower brain volume in a smaller and
younger group of participants.
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Baseline Visit

Visit 1 Visit 2 Visit 3 Visit 4 MRI Visit
1987-1989 1990-1992 1993-1995 1996-1999 2004-2006
n=15792| |n=14,348| | n=12,887 | |n=11,656 n=1,134
Age: 45-64 | Age: 48-67| | Age:51-70| |Age: 54-73 Age: 62-82
Assessment of
medical comorbidity
and vascular X X X X

risk factors

Page 13

Visit 5/ MRI Visit
2011-2013

n=6,538
Age: 70-89

Inclusion criteria
Available brain MRI (n = 1,978)
Exclusion criteria
Poor imaging quality (n=1)
Intracranial abnormality (n = 13)
Missing covariate(s) (n = 270)
Non white or African American race
(n=5)

Analytic sample (n = 1,689)
Hospitalized (n = 1,214)
Critical iliness (n = 47)
Major infection (n = 165)

X

-
Hospitalization surveillance
period

Figure 1.

Study flow diagram and inclusion/exclusion criteria. Study visits, assessments, and

participant numbers are tabulated.
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Brain volume and white matter integrity according to the number of hospitalizations. Values
represent estimates from fully-adjusted linear regression models.
* p<.05; ** p<.01; *** p<.001 compared to the no hospitalization group.
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Table 1

Participant characteristics at Visit 5 (MRI Visit; 2011-13)

Characteristic

No hospitalization before brain MRI

Hospitalized before brain MRI

(n=475 (n=1,214)

Demographic Variables

Age, mean (SD), y 75.5(5.1) 76.6 (5.3)

Female, No. (%) 295 (62.1) 710 (58.5)

African American 139 (29.3) 332 (27.4)
Education (%)

Less than high school 55 (11.6) 175 (14.4)

High school/GED/vocational 203 (42.7) 494 (40.7)

College/graduate/professional 217 (45.7) 545 (44.9)
Apolipoprotein E &4 alleles

0 343 (72.2) 860 (70.8)

1 124 (26.1) 317 (26.1)

2 8(L.7) 37 (3.1)
Physiological & Lab Variables

Body mass index, kg/m2 @ 279 (5.2) 28.6 (5.8)

Systolic blood pressure, mm Hg 131.9 (17.7) 130.6 (18.0)

Diastolic blood pressure, mm Hg 4 67.4(10.2) 66.0 (10.6)

Total cholesterol, mg/dl 2 188.0(39.7) 181.6 (43.1)

HDL, mg/dl 53.8 (13.8) 52.9 (14.7)

LDL, mg/di @ 109.3 (32.9) 103.7 (35.0)

Triglycerides, mg/dl 124.3 (61.0) 125.1 (64.8)
Medication

Anti-inflammatory (regular use) 65 (13.8) 186 (15.4)

Cholesterol lowering (/ast 4 weeks) 2 225 (47.8) 689 (56.8)
Cigarette Smoking Status

Current 26 (5.5) 60 (4.9)

Former 232 (48.8) 630 (51.9)

Never 217 (45.7) 524 (43.2)
Alcohol consumption

Current 243 (51.2) 550 (45.3)

Former 127 (26.7) 369 (30.4)

Never 105 (22.1) 295 (24.3)
Prevalent Medical Comorbidity®

Hypertension @ 339 (71.4) 932 (76.8)

Diabetes mellitus 4 128 (27.0) 441 (36.3)

Coronary heart disease 2 3(0.6) 162 (13.3)

Heart Failure & 3(0.6) 50 (4.1)

Cancer 2 7(15) 44.(3.6)
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Characteristic No hospitalization before brain MRl Hospitalized before brain MRI
(n = 475) (n=1,214)
Chronic Obstructive Pulmonary Disease 19 (4.0) 47 (3.9)
Chronic Kidney Disease & 104 (21.9) 341(28.1)
Stroke 4 1(0.2) 55 (4.5)

Groups were compared using £tests and chi-square tests.

Values are displayed as means (SD) for continuous variables, and frequency (column percentages) for categorical variables.

ap < .05 for difference between the hospitalization and non-hospitalization group
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Table 3

The association of number of hospitalizations with total and regional brain volume and white matter integrity

Number of hospitalizations  Total brain volume,cm®  AD Sig. Region volume, WMH volume (log), Total fractional
(n=1,686) cm?3 SD anisotropy, SD
(n=1,686) (n=1,683) (n=1,657)
B (95% CI) @ B (95%Cl)@ B (95% CI) @ B (95%CI) @
No hospitalization Reference Reference Reference Reference
1 hospitalization -1.39 (-8.76, 5.97) 0.38 (-0.28, 1.05) 0.02 (-0.17, 0.21) -0.04 (-0.17, 0.09)
2-3 hospitalizations -3.98 (-11.23,3.27) 0.07 (-0.57, 0.71) 0.25 (0.07, 0.44) -0.25 (-0.38, -0.12)
4-5 hospitalizations -11.13 (-21.05, -1.21) -0.12 (-0.92, 0.67) 0.22 (0.01, 0.44) -0.18 (-0.36, —0.01)
> 6 hospitalizations -23.84 (-36.06, -11.62) -1.27 (-2.33, -0.21) 0.28 (0.04, 0.52) -0.41 (-0.62, -0.19)

Analyses were adjusted for age, sex, race-center, education, APOE &4 status, cigarette smoking and alcohol use status, BMI, total cholesterol,
HDL, triglycerides, prevalent medical comorbidity (i.e., hypertension, diabetes, coronary heart disease, heart failure, CKD, COPD, and cancer), and
Visit 5 intracranial volume.

a . . o . A
B represents the estimated mean difference between the hospitalization groups and the no hospitalization referent group after adjusting for
potential confounders.
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