
UC Davis
UC Davis Previously Published Works

Title
Life-Course Individual and Neighborhood Socioeconomic Status and Risk of Dementia in 
the Atherosclerosis Risk in Communities Neurocognitive Study.

Permalink
https://escholarship.org/uc/item/0nh307j6

Journal
American Journal of Epidemiology, 189(10)

ISSN
0002-9262

Authors
George, Kristen M
Lutsey, Pamela L
Kucharska-Newton, Anna
et al.

Publication Date
2020-10-01

DOI
10.1093/aje/kwaa072
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0nh307j6
https://escholarship.org/uc/item/0nh307j6#author
https://escholarship.org
http://www.cdlib.org/


American Journal of Epidemiology
© The Author(s) 2020. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of
Public Health. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Vol. 189, No. 10
DOI: 10.1093/aje/kwaa072

Advance Access publication:
May 8, 2020

Original Contribution

Life-Course Individual and Neighborhood Socioeconomic Status and Risk of
Dementia in the Atherosclerosis Risk in Communities Neurocognitive Study

Kristen M. George∗, Pamela L. Lutsey, Anna Kucharska-Newton, Priya Palta, Gerardo Heiss,
Theresa Osypuk, and Aaron R. Folsom

∗ Correspondence to Dr. Kristen M. George, Department of Public Health Sciences, University of California Davis Medical Center,
Medical Sciences 1-C, One Shields Avenue, Davis, CA 95616 (e-mail: krmgeorge@ucdavis.edu).

Initially submitted September 11, 2019; accepted for publication April 22, 2020.

We examined associations of individual- and neighborhood-level life-course (LC) socioeconomic status (SES)
with incident dementia in the Atherosclerosis Risk in Communities cohort. Individual- and neighborhood-level
SES were assessed at 3 life epochs (childhood, young adulthood, midlife) via questionnaire (2001–2002) and
summarized into LC-SES scores. Dementia was ascertained through 2013 using cognitive exams, telephone
interviews, and hospital and death certificate codes. Cox regression was used to estimate hazard ratios of
dementia by LC-SES scores in race-specific models. The analyses included data from 12,599 participants (25%
Black) in the United States, with a mean age of 54 years and median follow-up of 24 years. Each standard-
deviation greater individual LC-SES score was associated with a 14% (hazard ratio (HR) = 0.86, 95% confidence
interval (CI): 0.81, 0.92) lower risk of dementia in White and 21% (HR = 0.79, 95% CI: 0.71, 0.87) lower risk
in Black participants. Education was removed from the individual LC-SES score and adjusted for separately to
assess economic factors of LC-SES. A standard-deviation greater individual LC-SES score, without education,
was associated with a 10% (HR = 0.90, 95% CI: 0.84, 0.97) lower dementia risk in White and 15% (HR = 0.85,
95% CI: 0.76, 0.96) lower risk in Black participants. Neighborhood LC-SES was not associated with dementia. We
found that individual LC-SES is a risk factor for dementia, whereas neighborhood LC-SES was not associated.

dementia; disparities; life course; socioeconomic status

Abbreviations: ARIC, Atherosclerosis Risk in Communities; APOE, apolipoprotein E; CI, confidence interval; HR, hazard ratio;
LC, life-course; SES, socioeconomic status.

Chronic diseases in older adults are caused by a complex
accumulation and interaction of lifetime exposures, par-
ticularly socioeconomic status (SES) (1). SES reflects the
“social and economic factors that influence which positions
individuals or groups will hold within the structure of a
society.” (2) SES collected across the life course can be used
to quantify the accumulation of risk factors over the pro-
gression of life epochs (3, 4). Life epochs generally include
childhood, young adulthood, midlife, and older adulthood,
and they can be measured at the individual and neighborhood
levels. Life-course (LC) SES models hypothesize that life
epochs do not occur independently of one another, but events
occurring during these periods can accumulate and interact
leading to increased risk of chronic disease over a lifetime
(3, 4).

SES is an especially crucial component in the develop-
ment of dementia due to the importance of cognitive reserve
(5). The concept of cognitive reserve reflects the obser-
vation that cognitive function does not always correspond
to observable brain pathology (5). While there is no stan-
dard measure of cognitive reserve, measures of SES, par-
ticularly education, are widely used proxies, because they
signify beneficial environmental exposures (5). However, it
is unclear whether benefits of economic success (such as
high income and wealth) are associated with reduced risk
of dementia independent of educational attainment. Further,
Alzheimer’s disease and related dementias have biological
and behavioral risk factors whose associations might be
confounded or modified by SES (6). For instance, confound-
ing of associations between midlife vascular risk factors
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and incident dementia by SES might not be eliminated by
adjustment for mid- or late life SES alone, necessitating the
use of LC-SES measures (7–9). We are interested in char-
acterizing the association between LC-SES and dementia,
assessing separately the potential associations of economic
versus educational dimensions of SES.

A number of studies have found a significant inverse asso-
ciation between individual-level SES and cognitive decline
and dementia (10–24). However, the methods used to mea-
sure SES have varied widely, and many relied on SES mea-
sured only during mid- or late life. A life-course approach
to understanding dementia is important in order to better
classify risk factors that might have a cumulative impact on
disease risk but are (partially or fully) masked by examining
only one life epoch (4, 7). Among studies that have assessed
LC-SES and cognitive function, very few have measured
neighborhood-level SES. Neighborhood SES adds context to
individual SES and might independently influence dementia
risk through physical and social characteristics of neighbor-
hoods that contribute to disparities and influence individual
behaviors and stress levels (25).

Using the Atherosclerosis Risk in Communities (ARIC)
Study cohort, we hypothesized that higher cumulative LC-
SES was inversely associated with risk of incident dementia,
with both higher individual- and neighborhood-level LC-
SES independently contributing to lower dementia risk. We
also hypothesized individual-level economic measures of
LC-SES would be associated with lower risk of dementia
independent of individual educational attainment.

METHODS

ARIC is a prospective cohort study that enrolled 15,792
mostly White and Black participants who were aged 45–64
years at visit 1 (1987–1989) from Forsyth County, North
Carolina; Jackson, Mississippi; the northwest suburbs of
Minneapolis, Minnesota; and Washington County, Mary-
land. After institutional review board approval and informed
consent, participants completed 6 clinic visits during 1987–
2017 as well as cognitive assessments integrated into these
clinic visits as part of the ARIC Neurocognitive Study. For
our analysis, incident dementia was ascertained from visit 1
(1987–1989) through visit 5 (2011–2013). Participants were
excluded if they were not White or Black (or were Black
participants from Maryland or Minnesota (n = 93), due
to small numbers), they did not participate in the LC-SES
ancillary study (2001–2002) (n = 2,626), they developed
dementia before the LC-SES questionnaire was adminis-
tered (n = 141), or they were missing visit-1 (1987–1989)
covariates (n = 323). After exclusions, 12,599 participants
were included in the analytical sample.

Individual- and neighborhood-level LC-SES data were
obtained retrospectively using telephone questionnaires
administered in 2001–2002. Questions evaluated SES
factors including education, occupation, occupational role,
home ownership, family income, and family wealth over 3
life epochs: childhood (approximately age 10 years—SES
pertained to parental SES), young adulthood (approximately
age 30 years), and middle/older adulthood (aged 45–64
years when participants entered the ARIC study) (Table 1).

Individual-level LC-SES scores were created by summa-
rizing SES variables related to the 3 epochs following an
approach developed by Carson et al. (26). For individual
LC-SES, response variables related to each epoch had a
range of possible values between 0 (lowest SES) and 5
(highest SES) (26). These epoch scores were summed for
an individual LC-SES score ranging between 0 and 15 (26).
We also assessed individual LC-SES without education by
removing individual-level education from the score (keeping
parental education in the score) for a possible LC-SES score
without education ranging from 0 to 13. We then adjusted for
individual education separately in the models to determine
whether economic factors of SES were independently
associated with dementia.

Participants were questioned about previous addresses,
and responses were processed with corrections for spelling
errors and confirmation of city and county names. Fewer
than 15% of childhood address were flagged for errors. Of
the flagged addresses, over 70% were corrected for mis-
spellings or incorrect county names. Data from subsequent
epochs had fewer errors flagged. Addresses were then geo-
coded using a commercial geocoder and assigned census
tracts. Neighborhood-level LC-SES variables were identi-
fied in a factor analysis from available census data over the 3
life epochs representing several decades (26); z scores were
calculated by subtracting individual neighborhood SES vari-
able values (derived from census tract data at each epoch)
from the group mean and dividing by the standard deviation.
Because of the potential impact of segregation on SES and
different racial distributions across the 4 ARIC field centers,
race-specific z scores were obtained for each census variable
and summed to develop a summary z score for neighborhood
LC-SES where a higher z score indicated higher SES (26).
We created race-specific, distribution-based tertiles of the
neighborhood-level LC-SES score for analysis.

Covariate information was collected at visit 1 (1987–
1989) and included age, sex, apolipoprotein E (APOE)
ε4 allele status, body mass index, tobacco-smoking status,
hypertension, diabetes, alcohol-drinking status, high-density
lipoprotein cholesterol, and total cholesterol. Body mass
index was calculated as measured weight (kg) divided by
height (m) squared. Hypertension was defined as having a
systolic blood pressure of >140 mm Hg, diastolic blood
pressure of >90 mm Hg, or self-report of antihypertensive
medication use. Diabetes was defined as nonfasting serum
glucose of ≥200 mg/dL, fasting glucose of ≥126 mg/dL,
self-report of diabetes diagnosis from a physician, or report
of taking medication for diabetes or high blood sugar.

Dementia cases were identified from clinic examinations
conducted at visit 5 (2011–2013), surveillance of hospital-
ization and death certificate codes, and cognitive screening
during follow-up calls (27). A neuropsychological battery
was administered at visits 2 (1990–1992), 4 (1996–1998),
and 5 (2011–2013). Cognitive tests were administered using
standardized protocols, and scores were converted to z scores
in order to assess change over time. We identified cognitively
impaired participants as those with significant cognitive
decline from visits 2–5, failure in at least 1 cognitive domain,
or with a Mini-Mental State Examination score of <21 for
Whites and <19 for Blacks (27). These participants, as well
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Table 1. Individual and Neighborhood Life-Course Socioeconomic Factors and Scoringa, Atherosclerosis Risk in Communities Study, United
States, 1987–1989

Individual LC-SES Neighborhood LC-SES

Variable Score Variable z Scoreb

Childhood (Age 10 Years)

Parental education <8th grade = 0
8th grade = 1
>8th grade = 2

Adult education Proportion with high-school or
college degree

Parental occupation Manual = 0
Nonmanual = 1

Adult occupational role Proportion with managerial
roles

Parental occupational role Nonmanagerial = 0
Managerial = 1

Dwellings occupied by owner Proportion of homes occupied
by owner

Parental home ownership Rent or other = 0
Own home = 1

Log median home value Median value of homes

Young Adulthood (Age 30 Years)

Education Less than high school = 0
High school = 1
Beyond high school = 2

Adult education Proportion with high-school or
college degree

Occupation Manual = 0
Nonmanual = 1

Adult occupational role Proportion with managerial
roles

Occupational role Nonmanagerial = 0
Managerial = 1

Log median income Median family income

Home ownership Rent or other = 0
Own home = 1

Dwellings occupied by owner
Log median home value

Proportion of homes occupied
by owner

Median value of homes

Middle/Older Adulthood (Ages 45–64 Years)

Income, $ <25,000 = 0
25,000–34,999 = 1
>35,000 = 2

Adult education Proportion with high-school or
college degree

Occupation Manual = 0
Non-manual = 1

Adult occupational role Proportion with managerial
roles

Occupational role Non-managerial = 0
Managerial = 1

Log median income Median family income

Home ownership Rent or other = 0
Own home = 1

Dwellings occupied by owner
Median home value
Households with passive

income

Proportion of homes occupied
by owner

Median value of homes
Proportion with income besides

wages/salary

Abbreviation: LC-SES, life-course socioeconomic status.
a Adapted from Carson et al. (26).
b Values for z scores derived from census-tract data representing the location a participant reported living during each epoch.

as a random sample of unimpaired participants, were given
additional physical and neurological exams, including brain
magnetic resonance imaging, and their informants were
interviewed using the Clinical Dementia Rating Scale and
the Functional Activities Questionnaire (27). Information on
suspected cases was reviewed by a committee of clinicians,
and participants were classified as cognitively normal, hav-
ing adjudicated mild cognitive impairment, or having adju-
dicated dementia (27). For participants who did not attend
visit 5, additional dementia cases from visits 1–5 were iden-
tified via surveillance of hospital discharge International

Classification of Diseases codes and death certificate codes
related to dementia. In addition, starting in 2011, screening
was conducted with telephone-based cognitive assessments
during annual and semiannual follow-up calls as well as
informant interviews for deceased participants suspected to
have had dementia.

Individual- and neighborhood-level LC-SES measures
were ascertained retrospectively causing several variables
to have missing data. The amount of missing data for
individual LC-SES variables was approximately 14%. For
neighborhood LC-SES, the amount of missing data was
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approximately 25% and due primarily to changes in census
questions over several decades. To address this issue, we
used multiple imputation by chained equations (28) to
impute individual- and neighborhood-level LC-SES scores.
Using a fully conditional method algorithm and imputation
models with 4 variables pertinent to each life epoch (sex,
race, age, and APOE ε4 allele status), we created 10 sets
of imputations in SAS, version 9.4 (SAS Inc., Cary, North
Carolina) (28).

We described prevalences and means of baseline covari-
ates and individual LC-SES. Incidence rates of dementia
between visits 1 (1987–89) and 5 (2011–13) stratified by
life epoch (childhood, young adulthood, and middle/older
adulthood) and race-specific, distribution-based individual
and neighborhood LC-SES tertiles were estimated using
Poisson regression. Cox regression was used to assess the
association between LC-SES and risk of dementia. We mod-
eled LC-SES in several ways: 1) individual-level LC-SES
score (ranging from 0–15), 2) individual-level LC-SES score
after removing education and adjusting for education sep-
arately in the model (ranging from 0–13), 3) neighbor-
hood LC-SES score with adjustment for individual LC-SES
score separately in the model, 4) neighborhood LC-SES
alone, and 5) a neighborhood × individual LC-SES interac-
tion term. To account for clustering of individual-level SES
within neighborhood, we also performed a Cox regression
with a random effect for neighborhood-level LC-SES. This
design consequence was of small magnitude and did not
visibly affect individual LC-SES estimates, so it is not
presented.

Two models were tested for each of the Cox analyses.
Model 1 adjusted for age, sex, and APOE ε4 allele status.
Model 2 adjusted for model 1 covariates plus visit-1 body
mass index, hypertension, diabetes, high-density lipoprotein
cholesterol, total cholesterol, alcohol-drinking status, and
tobacco-smoking status. We used a restricted cubic spline
model to investigate the continuous nonlinear relationship
between individual-level LC-SES and hazard of dementia
with knots specified at the 5th, 50th, and 95th percentiles.
To test the proportional hazards assumption, we included
an interaction term between each LC-SES measure and log
follow-up time, and the assumption was met. The analy-
sis was repeated without applying multiple imputation by
chained equations procedures to impute missing LC-SES
data and results were similar. All statistical analysis was
conducted using SAS, version 9.4 (SAS Inc.).

RESULTS

Among the 12,599 participants included in the analysis,
9,675 (75%) were White and 3,248 (25%) were Black, and
they had a mean age of 54 (standard deviation, 5.7) years at
visit 1 (1987–89). At baseline, Blacks were more likely than
Whites to carry the APOE ε4 allele, have not completed high
school, have a family income of less than $25,000, smoke
tobacco, be nondrinkers, have a higher body mass index,
have higher high-density lipoprotein cholesterol, have more
prevalent hypertension, and have more prevalent diabetes
(Table 2). Blacks also had a lower individual-level LC-SES
score than did Whites.

Three life epochs

A total 1,707 cases of incident dementia occurred (1,170
cases in Whites and 537 cases in Blacks) over a median
follow-up of 24 years. SES at each life epoch was examined
using race-specific distribution-based tertiles (Web Table 1,
available at https://academic.oup.com/aje). In both Blacks
and Whites—after adjustment for age, sex, and APOE ε4
allele status—being in the lowest race-specific tertile of
individual LC-SES at each life epoch (childhood, young
adulthood, and middle/older adulthood) was associated with
the highest incidence of dementia, followed by the middle
SES tertile, and then the highest SES tertile (Figure 1). In
both races, these differences in the incidence rates of demen-
tia by individual SES tertile were statistically significant for
young and middle/older adulthood but not for childhood.
Among Whites, low SES in young adulthood was associated
with a 36% (relative risk = 1.36, 95% confidence interval
(CI): 1.18, 1.56) greater dementia risk compared with high
young-adulthood SES. Low SES in middle/older adulthood
was associated with a 49% (relative risk = 1.49, 95% CI:
1.25, 1.76) greater dementia risk compared with high SES.
Among Blacks, low young-adulthood SES was associated
with a 41% (relative risk = 1.41, 95% CI: 1.16, 1.71) greater
risk and low middle/older-adulthood SES was associated
with a 53% (relative risk = 1.53, 95% CI: 1.23, 1.90) greater
risk of dementia compared with their respective high-SES
tertiles. There was also a statistically significant interaction
between SES tertile and race for each life epoch, indicating
a stronger association between low SES and dementia in
Blacks compared with Whites.

When examining neighborhood SES, there were no sta-
tistically significant differences in dementia risk at any SES
level (low, middle, high) for any of the 3 epochs, nor was
there a statistically significant race interaction.

Individual LC-SES

We assessed the race-specific associations between de-
mentia and individual LC-SES score as a continuous vari-
able calculating the hazard ratios per increment of the pooled
standard deviation (Table 3). Among Whites, after full
adjustment, a standard-deviation greater individual LC-SES
score was associated with a 14% lower risk of demen-
tia (hazard ratio (HR) = 0.86, 95% CI: 0.81, 0.92).
Among Blacks, a standard-deviation greater individual LC-
SES score was associated with a 21% lower risk of dementia
(HR = 0.79, 95% CI: 0.71, 0.87) after full adjustment.

We then assessed the association between individual LC-
SES independent of individual educational attainment. Edu-
cation was removed from the individual LC-SES score cal-
culation (keeping in parental education) and adjusted for
separately in the models (Table 4). For Whites, a standard-
deviation greater individual LC-SES without education was
associated with a 10% lower risk of dementia (HR = 0.90,
95% CI: 0.84, 0.97) after model adjustments. In Blacks, a
standard-deviation increment of individual LC-SES with-
out education was associated with a 15% lower risk of
dementia (HR = 0.85, 95% CI: 0.76, 0.96) after model 2
adjustments.

Am J Epidemiol. 2020;189(10):1134–1142
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Table 2. Baseline Characteristics Stratified by Race, Atherosclerosis Risk in Communities Study, United States,
1987–1989

White (n = 9,570) Black (n = 3,029)
Risk Factor

Mean (SD) % Mean (SD) %

Age, years 53.9 (5.6) 52.9 (5.7)

Male sex 45.6 35.7

APOE ε4 allele carriers 26.3 39.0

Below high-school educationa 15.4 38.0

Family income under $25,000b 14.4 53.5

Current tobacco smoker 21.8 26.2

Current alcohol drinker 65.7 31.2

Body mass indexc 26.9 (4.8) 29.8 (6.1)

Hypertensiond 25.3 52.6

Diabetese 7.5 15.6

Total cholesterol, mg/dL 214.2 (40.3) 214.8 (44.7)

HDL cholesterol, mg/dL 51.1 (16.8) 55.4 (17.1)

Individual LC-SES scoref 10.2 (2.5) 7.5 (2.7)

Abbreviations: APOE, apolipoprotein E; HDL, high-density lipoprotein; LC, life course; SD, standard deviation; SES,
socioeconomic status.

a Based on self-report of some high-school education or less at visit 1.
b Based on self-report of income at visit 1.
c Weight (kg)/height (m)2.
d Defined as diastolic blood pressure of >90 mm Hg, systolic blood pressure of >140 mm Hg, or use of hypertensive

medication.
e Defined as nonfasting blood glucose of ≥200 mg/dL, fasting blood glucose of ≥126 mg/dL, self-report of diabetes,

or reporting taking medication for diabetes or high blood sugar.
f SES score based on sum of scores from 3 life epochs, childhood (age 10 years), young adulthood age 30 years),

and middle/older adulthood (study baseline age 45–64 years).

Figure 1. Incidence rates (per 1,000 person years) of dementia adjusted for age, sex, and apolipoprotein E ε4 allele status and stratified
by life epoch and race-specific individual socioeconomic (SES) tertiles, Atherosclerosis Risk in Communities Study, United States, 1987–2013.
Childhood: age 10 years; young adulthood: age 30 years; middle/older adulthood: ages 45–64 years. Statistically significant (P < 0.05) difference
across life epoch SES tertiles was seen for Whites and Blacks for young adulthood and middle/older adulthood.

Am J Epidemiol. 2020;189(10):1134–1142
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Table 3. Hazard Ratios for Dementia per Pooled Standard-Deviationa Increment of Individual Life-Course Socioeco-
nomic Status, Atherosclerosis Risk in Communities Study, United States, 1987–2013

White
(n = 9,570; 1,171 Events)

Black
(n = 3,029; 537 Events)

Model

HR 95% CI HR 95% CI

Model 1b 0.83 0.77, 0.88 0.77 0.70, 0.85

Model 2c 0.86 0.81, 0.92 0.79 0.71, 0.87

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Pooled standard deviation = 2.80.
b Model 1: adjusted for age, sex, and apolipoprotein E ε4 allele status.
c Model 2: model 1 with the addition of body mass index, hypertension, diabetes, high-density lipoprotein cholesterol,

total cholesterol, alcohol-drinking status, and tobacco-smoking status.

Using restricted cubic splines, we found that among both
Whites and Blacks, the association between LC-SES (with
and without education) and risk of dementia was linear (Web
Figure 1).

Neighborhood LC-SES

We assessed the association between neighborhood LC-
SES at each life epoch and risk of incident dementia and
results were null for all 3 of the epochs explored. We also
found no association between neighborhood-level LC-SES
and incident dementia (Table 5). After adjustments, includ-
ing adjustment for individual-level LC-SES, there were no

statistically significant, independent associations between
neighborhood-level LC-SES and dementia among Whites
(model 2, for Whites, HR = 1.00, 95% CI: 0.96, 1.04; and for
Blacks, HR = 1.06, 95% CI: 1.00, 1.13). We fitted a model
without adjustment for individual-level LC-SES, and we
fitted a separate model with individual LC-SES included and
testing an individual × neighborhood LC-SES interaction
term. Both of these models were nonsignificant.

DISCUSSION

This prospective cohort study of community-dwelling
Black and White adults followed for 24 years had 4 main

Table 4. Hazard Ratios for Dementia per Pooled Standard-Deviationa Increment of Individual Life-Course Socioe-
conomic Status, With Separate Adjustment for Education, Atherosclerosis Risk in Communities Study, United States,
1987–2013

White
(n = 9,674; 1,180 Events)

Black
(n = 3,248; 572 Events)

Model and Educational Level

HR 95% CI HR 95% CI

Model 1b

LC-SES 0.88 0.82, 0.95 0.86 0.77, 0.98

Up to some high school 1.00 Referent 1.00 Referent

High-school graduate 0.75 0.64, 0.87 0.74 0.59, 0.92

Some college or more 0.74 0.62, 0.88 0.68 0.52, 0.87

Model 2c

LC-SES 0.90 0.84, 0.97 0.85 0.76, 0.96

Up to some high school 1.00 Referent 1.00 Referent

High-school graduate 0.80 0.68, 0.93 0.76 0.61, 0.95

Some college or more 0.81 0.68, 0.96 0.74 0.57, 0.96

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Pooled standard deviation = 2.80.
b Model 1: adjusted for age, sex, and apolipoprotein E ε4 allele status.
c Model 2: model 1 with the addition of body mass index, hypertension, diabetes, high-density lipoprotein cholesterol,

total cholesterol, alcohol-drinking status, and tobacco-smoking status.

Am J Epidemiol. 2020;189(10):1134–1142
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Table 5. Hazard Ratios for Dementia per Standard-Deviationa Increment of Neighborhood Life-Course Socioeco-
nomic Status, Atherosclerosis Risk in Communities Study, United States, 1987–2013

White Black

(n = 9,570; 1,170 Events) (n = 3,029; 537 Events)Model

HR 95% CI HR 95% CI

Model 1b 0.99 0.95, 1.03 1.05 0.99, 1.12

Model 2c 1.00 0.96, 1.04 1.06 1.00, 1.13

Abbreviations: CI, confidence interval; HR, hazard ratio.
a Standard deviation = 1 for White and Black participants.
b Model 1: adjusted for age, sex, and apolipoprotein E ε4 allele status.
c Model 2: model 1 with the addition of body mass index, hypertension, diabetes, high-density lipoprotein cholesterol,

total cholesterol, alcohol-drinking status, and tobacco-smoking status.

findings. Higher individual LC-SES was associated among
both Whites and Blacks with moderately lower incidence
of dementia; examining life epochs, these associations were
statistically significant for young adulthood and middle/
older adulthood SES, and the pattern was similar for child-
hood SES although not statistically significant. After remov-
ing education from the individual-level LC-SES score and
adjusting for educational attainment separately, a higher
individual LC-SES score was associated with lower risk
of dementia, suggesting that measures of economic status
(income, home ownership, and wealth) might be associated
with incident dementia independent of education. Finally,
among both Whites and Blacks, there was no association
between neighborhood-level LC-SES and incident dementia
independent of individual-level LC-SES.

The results of this analysis suggest that low individual-
level LC-SES as well as low SES at a given life epoch are risk
factors for dementia. These findings corroborate previous
studies of LC-SES in relation to cognitive decline or demen-
tia, which found that, across the life course, markers of high
SES were associated with lower risk of cognitive impairment
in older adulthood (13, 15, 19, 20, 22, 24, 29). We also found
the association between SES and incident dementia to be
stronger among Blacks compared with Whites. This might
be because of the systematic disadvantages that Blacks face
due to racism and prejudice that compound the influences of
SES on dementia risk. Relatedly, there are known regional
and racial differences in social mobility across the United
States that might be reflected in ARIC given the differences
in race distribution across study sites (30).

We also found that individual-level LC-SES was inversely
associated with dementia independent of individual-level
education. While education is an important indicator of
SES and likely a proxy for cognitive reserve, our findings
suggest that other (primarily economic) SES factors also
contribute to the association between LC-SES and dementia.
These results mirror what other studies of LC-SES have
found: a statistically significant association, albeit weaker
than for education, between economic factors and cognitive
impairment (13, 19, 22). In studies that used economic SES

measures from middle or older adulthood only, results have
been more mixed, with some studies finding an association
(16, 17, 31) but most finding no association (11, 12, 14, 18).
Efforts to reduce risk of dementia at the population level
must address economic inequalities that are foundational
to proximal causes of differences in dementia risk, such as
education (32).

Finally, the lack of association between neighborhood-
level LC-SES and dementia indicates that individual
level factors might be more important than neighborhood
factors in the causation of dementia. These findings
corroborate Canadian and British cohort studies that found
no association between neighborhood-level SES and risk
of dementia (16, 31) but differ from a Korean study that
found that higher neighborhood SES was associated with
higher cognitive test scores (23). However, all 3 of these
studies assessed neighborhood-level factors in mid- or
late life. To our knowledge, ours is the only study of
neighborhood-level LC-SES and dementia, making this
a novel finding. Further examination of the relationship
between neighborhood SES and dementia is needed, partic-
ularly neighborhood-level LC-SES. There is evidence that
neighborhood-level environmental factors related to SES,
such as lead exposure and air pollution, increase dementia
risk (33–35).

Our study has several strengths, including a large sam-
ple size, large number of dementia cases, long follow-up
period, multifaceted assessment of dementia, and the abil-
ity to incorporate SES over the entire life course. By not
having to rely on mid- or late-life SES measures, we could
account for SES over the entire latency period of dementia,
which is believed to span multiple decades (36). The LC-
SES approach allowed for exploration of the cumulative
association of SES, without making assumptions about rel-
ative importance of individual epochs. ARIC participants
were asked about childhood and young adulthood SES in
mid/late life, and issues of recall bias were a concern. The
cumulative approach is a more conservative way to incor-
porate life-course SES data in light of these limitations;
however, associations with separate epochs were displayed
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in Figure 1. Recall bias might be related to the lack of
association between childhood SES and dementia despite
a stepwise association by SES level (low to high) similar
to patterns seen in mid- and late life. In addition, to our
knowledge, no studies have previously examined the rela-
tionship between neighborhood level LC-SES and dementia
or whether neighborhood and individual LC-SES interact.

Despite our study’s strengths, there were limitations to our
analyses. In the ascertainment of dementia cases, selection
bias related to censoring and death over follow-up might
have occurred and distorted hazard ratio estimates. To reduce
selection bias, the ARIC study used a variety of strategies to
completely identify dementia cases among participants that
did not attend every ARIC visit, including annual follow-
up calls with telephone interviews for cognitive status and
surveillance of hospitals and death certificate codes. How-
ever, for a subset of cases identified by hospitalization and
death certificate codes, SES might influence the likelihood
of diagnosis. Second, cognitive tests used to identify cog-
nitive decline and dementia might lack convergent validity
between race groups due to cultural biases and socioeco-
nomic differences (37, 38). Race-specific analyses were
conducted to minimize race-related differences in validity
of cognitive testing that might be related to SES and cul-
tural background. Further, by using race-specific analyses,
we avoided issues of comparison related to differences in
attainable LC-SES over the lifetimes of Whites and Blacks
due to segregation and discrimination. However, there might
still be issues of generalizability and exchangeability due to
lack of geographic variability in ARIC.

A third limitation was that individual LC-SES variables
relied on participants’ knowledge and ability to remember,
at midlife, the conditions they experienced during childhood
and early adulthood. Recall bias might underlie the lack of
statistically significant association between childhood SES
and dementia despite a stepwise association by SES level
(low to high) similar to the patterns seen in mid- and late life.
However, while memory might not be precise, in measuring
SES, the significance is in identifying where in the hierarchy
of social position an individual fell relative to others like
them. This means that precise measurement was not as
important as relative knowledge of one’s circumstances,
which were not likely forgotten. We also found a high level
of concordance between individual and neighborhood SES
at each epoch, indicating that memory of SES and census
estimates based on historical addresses were congruent. A
fourth limitation was that missing data, particularly within
neighborhood-level LC-SES variables, required multiple
imputation by chained equations methods, but a sensitivity
analysis without the imputed values yielded similar results.

Our analysis indicates that incident dementia is inversely
associated with individual-level LC-SES, whereas neighbor-
hood-level LC-SES is not associated. Additional research
is needed to identify critical periods over the life course
where SES factors have the greatest impact on dementia risk
and might warrant targeted intervention that aims to enable
social and economic opportunities. In addition, further
examination of neighborhood-level SES using a LC-SES
model is needed.
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