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ARTICLE INFO ABSTRACT

Keywords: This study examines how socioeconomic status (SES) across the life course is associated with individuals’ lifetime

D.ementia dementia experience — the years of life persons can expect to live and without with dementia. Conceptually,

;fe e’;_PeCta“CY dementia-free life expectancy reflects the ability to postpone dementia onset while dementia life expectancy
ortality

reflects the average lifetime period with the condition. How SES across the life course contributes to dementia-
status life expectancy is the focus of this study. We assess whether persons who are advantaged in their lifetime
SES live the most years without dementia and the fewest years with dementia compared to less advantaged
persons. Using the Health and Retirement Study (2000-2016), we examine these questions for U.S. adults aged
65 and older using multistate life tables and a microsimulation approach. The results show that higher SES
persons can expect to live significantly more years of life without dementia and that the period of life with
dementia is compressed compared to less advantaged persons. The results also underscore that importance of
cumulative exposure, showing that adults from disadvantaged childhoods who achieve high education levels
often have dementia experiences that are similar to or better than those of adults from advantaged childhoods

Socioeconomic status

who achieved low education levels.

1. Introduction

Dementia is one of the most feared diseases in the United States.
Nearly half of middle aged Americans report being afraid of developing
dementia (Maust et al., 2015), which is higher than rates for other
age-related chronic conditions such as cardiovascular disease and dia-
betes. This trepidation partly stems from a common perception that
dementia is an inevitable consequence of old age, yet empirical work
documents that dementia can be avoided even at very old ages
(Andersen-Ranberg et al., 2001; Qiu & Fratiglioni, 2018). The fear also
stems from the high level of dependency associated with the condition.
Dementia is frequently associated with heightened psychological
distress, deterioration in cognitive functioning, and a substantial decline
in physical functioning (Livingston et al., 2020). The amount of time
people live with dementia can thus have a broad and enduring impact on
individual, familial and government resources. In this study, we gain
new insights into individuals’ lifetime dementia experiences by

assessing how the expected years of life with and without dementia are
linked to socioeconomic status (SES) from childhood spanning into later
adulthood.

The expected years of life with and without dementia (i.e., dementia-
status life expectancy and dementia-free life expectancy) reflect the
intersection of two demographic processes: dementia onset and mor-
tality. The underlying force of dementia onset, referred to as the risk of
dementia in this manuscript, determines when in the life course the
period of life with dementia begins. A lower risk of dementia would
signify that onset is expected at later ages, which would minimize the
number of years that people are expected to spend with dementia if
mortality were to remain the stable. Relatedly, the force of dementia-
status specific mortality also structures life expectancy with and
without dementia across various groups; lower mortality risk in each
state signifies more years lived in that state.

Although dementia risk is sometimes thought of as an inevitable
consequence of aging, the risk is not evenly distributed in the older
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population. A number of studies document that dementia is tightly
linked to social and behavioral “risks” over the life course — that is, the
condition is highly socially patterned with significant differences in risk
within the population (James & Bennett, 2019; Livingston et al., 2020).
In this study, we focus on one of the most prominent “risk factors,” so-
cioeconomic status, to better understand how conditions from different
parts of the life course potentially combine, for example, to influence the
postponement of dementia onset as well as shortening the period of life
with dementia. Socioeconomic conditions across the life course are
associated with cognitive development in early life as well as modifiable
risk factors in adulthood that may trigger neuropathological processes
(e.g., smoking, physical activity, obesity, excessive alcohol consump-
tion, hypertension, diabetes, loneliness, exposure to air pollution, and
sleep) (Glymour et al., 2012; Livingston et al., 2020; Lovdén et al., 2020;
Sutin et al., 2019). This points to the importance of considering SES as a
“fundamental cause” of dementia—a social risk factor that will be
continued to be associated with dementia across time and place due to
the impact SES has knowledge, money, power, prestige, and beneficial
social connections that can be used to avoid risk and maximize rewards
(Link & Phelan, 1995). Because SES differences in life expectancy are
usually smaller in magnitude than SES differences in life free of major
cognitive and physical health problems (Crimmins et al., 2018; Farina
et al., 2020; Montez & Hayward, 2014), our orienting hypothesis is that
higher SES persons will experience a compressed period of living with
dementia and longer lives without dementia compared to persons who
are more socioeconomically disadvantaged.

Although much is unclear about the ways in which dementia risk as
well as dementia-status mortality, the inputs to the life table model of
dementia status life expectancy, are linked to life course socioeconomic
status, considerable evidence points to the importance of specific in-
dicators of socioeconomic status across the life course for dementia risk.
Here, the indicators are benchmarked using measures of childhood so-
cioeconomic adversity, educational attainment, and later-life wealth.
For example, prior studies have documented that cognitive development
and impairment over the life course are associated with childhood so-
cioeconomic adversities, preschool education, education in childhood
and adolescence, and financial resources in adulthood (Cadar et al.,
2018; Luo & Waite, 2005; Walsemann & Ailshire, 2020; Zhang et al.,
2019). Some studies have reported a direct effect from early life socio-
economic conditions on dementia, even when adult conditions were
accounted for (Glymour et al., 2012; Luo & Waite, 2005; Melrose et al.,
2015; Zhang et al., 2019). People with worse childhood socioeconomic
conditions not only have a greater likelihood of dementia in older
adulthood, but also experience it at younger ages (Marden et al., 2017;
Pudrovska, 2014). In addition to early life socioeconomic conditions,
adulthood socioeconomic conditions appear to independently
contribute to the risk of dementia or moderate/severe cognitive
impairment (Lovdén et al., 2020; Marden et al., 2017; Zhang et al.,
2016). People with lower levels of education and lower income or
wealth are more likely to experience dementia or cognitive impairment
compared to persons with more socioeconomic resources (Crimmins
et al., 2018; Marden et al., 2017; Zhang et al., 2016).

Although the evidence points to the importance of considering so-
cioeconomic exposures across the life course as influencing cognitive
function and dementia risk, few studies have assessed how early life
conditions combine with adult conditions throughout the life course in a
cumulative fashion to influence heterogeneity in cognitive health in the
older population. We draw on the cumulative exposure concept to assess
the role of lifetime socioeconomic status more holistically—as reflected
in childhood socioeconomic adversity, educational attainment and later-
life wealth-documenting the unique and joint contributions of these life
course socioeconomic exposures to later-life cognitive health.

In this spirit, two main concerns motivate this study. The first main
concern is how socioeconomic status at three periods across the life
course (childhood, young adult, and later life) influences dementia-
status life expectancies. Prior research examining health status life
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expectancies in the older American population generally report that
higher SES persons live longer lives, live longer healthy lives, and
experience a compressed period of morbidity or disability compared to
less advantaged persons (Crimmins & Saito, 2001; Montez & Hayward,
2014). Framed in these terms, we expect that a lifetime of socioeco-
nomic advantage will be associated with people living significantly
longer lives compared to persons with fewer lifetime advantages, while
also experiencing a compression in dementia life expectancy. Longer life
is thus expected to be reflected in terms of better lifetime cognitive
health.

The second concern is whether the consequences of childhood so-
cioeconomic disadvantage can be overcome through advantages expe-
rienced in later life; here, measured in terms of educational attainment
and wealth. More generally, this is a question of how these socioeco-
nomic exposures over the life course combine to impact dementia status
life expectancy. For example, does early life adversity lead to signifi-
cantly greater years of life with dementia regardless of adulthood so-
cioeconomic achievement? Or do early life conditions combine with
adult socioeconomic conditions in a cumulative exposure fashion to
influence dementia status life expectancy? Can higher levels of educa-
tion and wealth compensate for childhood SES disadvantages?

2. Data and methods

We use the Health and Retirement Study (HRS) from 2000 to 2016 to
examine how socioeconomic status at three life periods influences
dementia-status life expectancy. The HRS is a nationally representative
longitudinal study designed to examine the health and well-being of U.S.
adults aged 50 and older (HRS, 2019). The present study uses the RAND
HRS Longitudinal File 2016 (V2), which is a cleaned and consolidated
file of all 1992-2016 survey waves developed by the RAND Center for
the Study of Aging and supported by the National Institute on Aging and
the Social Security Administration (RAND, 2020). The file contains
adults who are representative of cohorts born between 1892 and 1950
and their spouses. The present study begins with the 2000 wave because
consistent cognitive health information for both community-dwelling
and nursing home residents aged 65 years and older first became
available in 2000 (Crimmins et al., 2011). The age-eligible sample in-
cludes all respondents in 2000, 65 years of age and older, as well as HRS
respondents who became age-eligible from 2002 to 2016: HRS re-
spondents are allowed to age into the analytic sample when they turn
65. The analytic sample for the present study includes aged 65 + 18,201
non-Hispanic White and Black adults (Table 1).

HRS provides a comprehensive assessment of lifetime socioeconomic
indicators to evaluate our study’s objectives. In addition, the HRS

Table 1
Weighted Descriptive Statistics at Baseline (percentages, except for age) (N =
18,201).

% or Mean S.E.

Age (in years) 70.98 .06
Female 55.73
Childhood Family Poor 30.57
Ever Received Help from Relatives 11.80
Ever Moved for Financial Reasons 17.29
Number of Childhood SES Disadvantages

3 10.83

2 21.21

1 24.33

0 43.62
Education

Less than HS 23.31

High school grad 35.37

Some college 20.11

College 21.21
Logged Equivalized Wealth (in 2000 constant dollars) 13.44 .01

Note: Totals may not add to 100.0 because of rounding.
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provides longitudinal information on the cognitive status which have
been validated using clinical diagnoses and survey scores in the HRS
Aging, Demographics, and Memory Study (Crimmins et al., 2011). Vital
status information is provided at each wave based on the HRS tracker
file allowing us to measure mortality incidence. The individual obser-
vations on survival for persons in the HRS can be considered accurate
and representative (Weir, 2016).

2.1. Dementia status

We use proxy and self-reports to assess dementia because people who
experience dementia may struggle with completing self-reported mea-
sures of cognitive status. We take the Langa-Weir classification approach
which is used widely to assess dementia status at the population level
among respondents aged 65 and older (Crimmins et al, 2011, 2018;
Farina et al., 2020; Hayward et al., 2021; Langa et al, 2008, 2017). For
HRS respondents who could not participate in the survey due to health
issues, the interviews were conducted through proxies (spouses or
children). For proxy respondents (about 10% of the interviews), we
measure proxy-reported dementia status based on a rating of re-
spondent’s current memory from excellent to poor (0-4); assessments of
limitations of five instrumental activities of daily living including using
the phone, managing money, taking a medication, preparing hot meals,
and shopping for groceries (0-5); and the interviewer’s assessment of
difficulty in completing the interview due to cognitive limitation (0-2),
which sum to 11. Respondents who receive a score of 6 or higher on the
proxy measurement are coded as having dementia. For HRS
self-respondents, we measure self-reported dementia status using a
summary score of immediate word recall (0-10), delayed word recall
(0-10), serial subtraction of 7s (0-5), and backward counting from 20
(0-2). The score ranges from 0 to 27. We code self-respondents who
score 6 or lower as having dementia.

2.2. Early-life socioeconomic experiences, education, and late-life wealth

We use a scale of cumulative socioeconomic adversity in early life, a
categorical variable of education, and late-life wealth as indicators of
life course socioeconomic status. The scale of early life socioeconomic
adversity is based on information about mother’s education, father’s
education, and overall childhood socioeconomic status because socio-
economic exposures tend to cluster (Green et al., 2010; Montez &
Hayward, 2014). We dichotomize each individual measure: mother’s
education (1 = less than 8 years); father’s education (1 = less than 8
years); respondent’s perception of whether their childhood family was
“pretty well-off financially, average, or poor” (1 = poor). Adding three
variables provides a summary score that ranges from 0 to 3. Although
this measure assumes the disadvantages are additive and have equal
weight, this measure is beneficial for estimating potential dose-res-
ponse—an increase in risk associated with each increase in level—and
threshold effects. (see Montez & Hayward, 2014 for detail).

We create a categorical measure of educational attainment based on
reported years of education (without a high school diploma, a high
school diploma or GED, some college, or a bachelor’s degree or higher).
Our primary measure of late-life socioeconomic status is self-reported
household wealth at age 65. The wealth variable is provided by the
RAND Center for the Study of Aging, which consistently imputed
missing data across waves (Bugliari et al., 2020). Because income varies
from year to year, wealth is often the preferred marker of later-life SES
when evaluating the SES and health relationship (Bond Huie et al., 2003;
Marden et al., 2017; Zhang et al., 2016). Net household wealth repre-
sents the value of household assets minus debts. We adjust the house-
hold wealth by 2000 dollars using Consumer Price Index to balance the
inflation over time. We then recode the household wealth by adding
constants to eliminate negative values and divide by the square root of
household size and log the value following previous studies (Glymour &
Manly, 2008; Zhang et al.,, 2016). After adjusting the wealth
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measurement, we create quartiles to capture the relative wealth ranking
for each respondent adjusted for inflation and household size. There are
3592 adults who were aged older than 65 before 2000 (the first wave of
the study). We impute their wealth values by extrapolating the earliest
observation from 1992 (when the HRS starts).

2.3. Covariates

A continuous measurement of age is included in our model as a co-
variate to estimate the age-specific risks of dementia and mortality. We
measure age by subtracting the interview date from the self-reported
date of birth in order to provide a more precise measurement that also
accounts for months whereas whole age does not. We do not adjust for
other covariates because these add significant complexity to our esti-
mation approach described below. Thus, our estimates should be
thought of as the average for the 2000-2016 period which centers on
2008. The parsimonious models are necessary to make use of micro-
simulation and bootstrapping in estimating the life tables. We do not
estimate the models by race because when counting the numbers of
health state transitions, the numbers are modest in some combinations
of life course socioeconomic status (see Appendix for numbers of all
respondents by the combination of socioeconomic status). In addition,
we tested the sensitivity of our results to the lack of control for socio-
demographic variables such as birth cohort and race. Based on multi-
variate hazard models, models with and without cohort and race show
very similar effects for the socioeconomic indicators (see Appendix). All
statistical modeling is stratified by sex, and separate life tables are
calculated for males and females. Table 1 provides the weighted statis-
tics on age, gender, childhood socioeconomic adversity, education, and
wealth.

2.4. Analytic strategy

To address how early life socioeconomic disadvantage, education,
and wealth combine to predict dementia-status life expectancy, we
conduct the analysis in two steps. First, we use multivariate hazard
models to estimate health state transition rates for each possible tran-
sition reflecting the potential health state transitions (No Dementia-
Dementia, No Dementia-Death, Dementia-No Dementia, Dementia-
Death). Second, using the health state transition rates, we simulate the
life histories of a 100,000-person cohort to calculate expected years with
and without dementia.

The first step involves estimating discrete-time hazard models based
on a file of exposure intervals using the 18,201 respondents from HRS
2000-2016. Exposure intervals refer to the time between observation
waves in the HRS. The calculation of exposure intervals is crucial
because the parameter estimates from the hazard models are used to
calculate the transition probabilities, which are the inputs of the
multistate life tables. These are sensitive to the exposure calculations
(Cai et al., 2010; Gill et al., 2005; Wolf & Gill, 2009).

We calculate the interval consistent with prior research (Crimmins
et al., 1994; Montez & Hayward, 2014). If an interval ends with death,
because we know the exact age at the beginning of the interval and the
death date from the HRS dataset, we calculate exposure based on the
difference between age at the beginning and death date. If an interval
ends with censoring, we assume that censoring occurs in the middle of
the interval. We convert bi-annual to annual to get a person-year file.
The respondents with censoring are assigned 0.5 year (Cai et al., 2010).
We take the age at the beginning of the interval and add half of the
average exposure for the exposure interval between the two appropriate
observation annual waves. If an interval ends with any dementia event,
exposure should be equal to the entire observation interval, regardless of
the direction of the transition. To avoid missing pieces of exposure for
“survivors,” all alive events are assumed to occur at the end of the
interval.

The statistical model has the following general form.
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Inpy(t) = a; + by*Age + A

where yij is the transition rate in the tth interval from current state i (e.
g., no dementia) to state j (e.g., dementia), Age references the age at the
beginning of the exposure interval, and Z references the three measures
of socioeconomic status. As a check on our assessment of cumulative
exposure, we assessed the interaction between early life SES, education,
and wealth. For men and women, the transition from no dementia to
dementia did not contain any statistically significant interaction at p <
.05 and it did not improve the model fit according to the Bayesian in-
formation criterion, suggesting that the influences of life course socio-
economic status on dementia are additive rather than multiplicative. We
assume that the variation in transition rates between states within an
exposure interval can be described by an exponential survival distribu-
tion (i.e., the risk was constant within the exposure interval). We also
assume that a Markov process governs the transition rates (e.g., no
duration dependence within a cognitive status) and use exact age at the
beginning of an observation interval to estimate age-dependency
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(Crimmins et al., 1994; Montez & Hayward, 2014).

Based on the estimated transition parameters, a microsimulation
approach (i.e., SPACE (the Stochastic Population Analysis for Complex
Events) allows us to simulate the life path for each member of the life
table population with a given combination of SES characteristics (Cai
et al., 2010). The simulation procedure is repeated 1 year at time for
each person until his or her death. This generates simulated lifelines for
the entire life table cohort. By averaging over the lifelines, we calculate
the life table functions. For example, we compute years with dementia
using the average number of years lived with dementia for the simulated
cohort. Then, in order to test the socioeconomic group differences in
multistate life table functions, we estimate bootstrapped standard errors
using the rescaling bootstrap method developed specifically for complex
surveys (N = 300) (Cai et al., 2010). This allows us to conduct signifi-
cance tests regarding years with dementia across life course socioeco-
nomic combinations.

Table 2
Results of parametric hazard models of childhood SES disadvantages, education, and later-life wealth on dementia onset.
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7
Panel A. Male
Age 1.06%** 1.06%** 1.05%** 1.06%** 1.05%** 1.05%** 1.05%**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Childhood Disadvantages (ref. None)
3 SES Disadvantages 1.87%** 1.16 1.72%%* 1.14
(0.15) (0.10) (0.14) (0.10)
2 SES Disadvantages 1.56%** 1.10 1.45%** 1.09
(0.11) (0.08) (0.11) (0.08)
1 SES Disadvantage 1.18* 0.99 1.14 0.99
(0.09) (0.07) (0.08) (0.07)
Education (ref. Less than HS)
High school grad 0.46%** 0.48%** 0.47%** 0.49%**
(0.03) (0.03) (0.03) (0.03)
Some college 0.37%** 0.39%** 0.38%** 0.40%**
(0.03) (0.04) (0.03) (0.04)
College 0.29%** 0.31%** 0.31%** 0.32%**
(0.02) (0.03) (0.03) (0.03)
Wealth quartile (ref. <25th)
25-50th 0.85 0.89 1.01 1.02
(0.07) (0.08) (0.09) (0.09)
50-75th 0.67%** 0.73%** 0.92 0.93
(0.06) (0.07) (0.09) (0.09)
>75th 0.53%** 0.60%** 0.85 0.86
(0.05) (0.06) (0.08) (0.09)
Panel B. Female
Age 1.07%%* 1.07%** 1.05%** 1.06%** 1.05%** 1.06%** 1.06%**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Childhood Disadvantages (ref. None)
3 SES Disadvantages 1.97%%** 1.38%** 1.77%%** 1.33%%**
(0.13) (0.10) (0.12) (0.09)
2 SES Disadvantages 1.58%** 1.24%** 1.46%** 1.21%*
(0.09) (0.07) (0.08) (0.07)
1 SES Disadvantage 1.21%* 1.09 1.16* 1.07
(0.07) (0.07) (0.07) (0.07)
Education (ref. Less than HS)
High school grad 0.58%** 0.63%** 0.60%** 0.64%**
(0.03) (0.03) (0.03) (0.03)
Some college 0.43%** 0.48%** 0.46%** 0.50%**
(0.03) (0.03) (0.03) (0.04)
College 0.37%%* 0.42%** 0.42%%* 0.46%**
(0.03) (0.04) (0.04) (0.04)
Wealth quartile (ref. <25th)
25-50th 0.92 1.00 1.06 1.08
(0.05) (0.06) (0.06) (0.06)
50-75th 0.67%** 0.74%** 0.84* 0.86*
(0.05) (0.05) (0.06) (0.06)
>75th 0.49%** 0.58%** 0.67%** 0.69%**
(0.04) (0.04) (0.05) (0.05)

Note: Standard errors in parentheses.
2000-2016.

‘p < .001, **p < .01, *p < .05. 31,527 person-years (Male). 43,557 person-years (Female) from 18,201 respondents from HRS
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3. Results

Summary characteristics of the sample are shown in Table 1. The
mean age of the respondents at baseline is 70.98. 56% of the sample are
women. Around 57% of the sample experienced at least one early-life
socioeconomic adversities. In addition, around 23% of the sample
didn’t graduate high school. The average logged equivalized wealth in
2000 constant dollars is 13.44, on par with median household wealth in
2008 (Gottschalck et al., 2014).

Before addressing our main research aims about dementia status life
expectancy, we examine how life course socioeconomic status is asso-
ciated with dementia incidence (see Appendix for results of mortality
and other transitions). We estimate how early-life socioeconomic status,
educational attainment, and later life wealth predict the dementia onset,
using a nested approach to better understand the potential independent
and pathway associations of the socioeconomic indicators with
dementia-status life expectancy. Table 2 shows the results of these
models by sex. Panel A and B refer to male and female stratified models,
respectively.

For males, Model 1 provides evidence of a dose-response relationship
between childhood adversity and risk of dementia (i.e., the incidence of
onset). As the number of childhood adversities increases, dementia risk
also increases substantially. The risks of dementia for those with three
disadvantages and two disadvantages are 87% (p < .001), and 56% (p <
.001) higher, respectively, than those with no socioeconomic disad-
vantages during childhood. Compared to those who did not experience
childhood socioeconomic adversity, the risk of dementia is 18% (p <
.001) higher for respondents with 1 socioeconomic disadvantage during
childhood. Model 2 shows a substantial decrease in dementia risk for
those with greater levels of education, as expected given prior research
showing negative relationship between dementia and education.
Compared to those without a high school diploma, high school gradu-
ation is associated with 54% lower risk (p < .001), some college has a
63% lower risk (p < .001), and bachelor’s degree holders have a 71%
lower risk (p < .001). We also observe a lower risk of dementia with
increased levels of wealth in Model 3. Compared to those in the lowest
wealth quartile, being in the 2nd highest wealth quartile is associated
with a 33% lower risk of dementia risk (p < .001) and being in the
highest wealth quartile is associated with a 47% lower risk (p < .001).
Overall, these first three models point to increasing dementia risk with
greater socioeconomic adversity at childhood, early adulthood, and mid
to later life. While the effect sizes for education and wealth at 65 are
smaller for women, we find that the socioeconomic gradients are similar
to those for men.

How do socioeconomic indicators across the life course predict risk
of dementia, net of each other? In Models 4 and 5, we show that the
inclusion of education and wealth at 65, respectively, attenuates the
association of higher dementia risk with greater childhood socioeco-
nomic adversity, although the association remains significant for
women. The coefficients for education (Model 4) and wealth at 65
(Model 5) are also modestly attenuated but remain statistically signifi-
cant. In Model 6, we find that the inclusion of education attenuates the
association of lower dementia risk with higher wealth quartile for
women. When all SES indicators are included (Model 7), the findings
point to both their robust independent associations net of each other and
some overlap between socioeconomic conditions at early and later
adulthood for women.

Overall, we find that these socioeconomic experiences fairly inde-
pendently shape dementia transitions for the respondents included in
the analysis. Experiencing childhood disadvantages has a significant
role on dementia but it is explained by the inclusion of education and
wealth among men. For women, experiencing childhood disadvantages
has a statistically significant role in explaining the onset of dementia
with the inclusion of education and wealth, suggesting that socioeco-
nomic status at three life course periods additively affects the risk of
dementia. Education plays a major role explaining the effect of
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childhood disadvantages on dementia risk, and wealth at later life ex-
plains a modest part of the association between childhood disadvantages
and dementia risk.

3.1. To what extent are childhood disadvantage, educational attainment,
and later-life wealth associated with dementia-status life expectancy?

Next, we evaluate the differences of socioeconomic status at three
periods across the life course on dementia-life expectancy at age 65.
These results are presented in Table 3. Overall, the patterns are consis-
tent with the results shown in Table 2 for dementia risk. Lower SES is
associated with more years with dementia, fewer years dementia-free,
and lower total life expectancy. For males, for example, having three
childhood SES disadvantages is associated with 1.82 years of dementia
life expectancy, while dementia life expectancy is about one year less for
men with no adversities. Note also that the absolute differences in
dementia-free life expectancy are substantial for the lowest and highest
group (14.85 years compared to 17.56 years). Childhood SES disad-
vantages are associated with a shorter dementia-free life and a relatively
extended period of life with dementia. Phrased in the context of total life
expectancy, the longer lives of advantaged men are accompanied by a
highly compressed period of life with dementia. Looking at the associ-
ation with education, men with no high school diploma are expected to
live 2.07 years with dementia, whereas men with a college degree are
expected to live 0.63 years (8 months) with dementia (1.5-year differ-
ence). For adjusted household wealth at 65, we find the smallest dif-
ferences, but they still are stark. Men in the bottom 25% are expected to
live 1.54 years with dementia, while men in the upper 75% are esti-
mated to live 0.95 years (11 months) with dementia: 0.6-year (7
months) difference. Again, the same pattern of advantaged men’s longer
lives with a compressed period of life with dementia is evident.

One additional issue to consider is where in the distributions of the
SES indicators we observe the greatest differences for dementia-free and
dementia life expectancy. Note, for example, how the values for the
dementia-status life expectancies change across levels of attainment.
The biggest difference in dementia life expectancy is found for men with
less than a high school education compared to men who are high school
graduates. Although the difference in dementia life expectancy between
high school and college graduates is statistically significant, substanti-
vely the differences are relatively small: 0.82 years (10 months) for high
school graduates compared to 0.63 years (8 months) for college gradu-
ates. In contrast, the gains in dementia-free life expectancy associated
with a high school education and then a college education are both quite
large (13.41 years compared to 16.40 years and 16.40 years compared to
19.75 years), pointing to the importance of education’s association with
mortality risk throughout the entire distribution of educational attain-
ment. More generally, these patterns point to the need to integrate the
dementia process with the mortality process to better understand the
lifetime experience of dementia in the older population.

We can see similar socioeconomic gradients in dementia-status ex-
pectancy among older women, but the gaps are larger than those shown
for men. These findings consistently show that socioeconomic disad-
vantages at every point in the life course are associated with shorter
lives, shorter lives free of dementia and longer lives with dementia.
These results also point to the importance of education, in that the
largest differences in dementia expectancy are found for bottom and top
levels of educational attainment. Similar to our findings among men, the
association between education and dementia life expectancy is stronger
at the lower part of the education distribution, while the association
with dementia-free life expectancy was evidence for the entire distri-
bution of education.
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Table 3
Dementia, dementia-free, total life expectancy at age 65 by gender for childhood, young adult, and late-life socioeconomic status.
Male Female
Dementia Dementia-free Total % of Years Dementia Dementia-free Total % of Years
Impaired Impaired
Life Course SES (Child, Young Adult, Late-life) Numbers of childhood SES disadvantages
3 1.82 14.85 16.67 10.90 2.66 16.54 19.20 13.86
(0.16) (0.42) (0.40) (0.19) (0.36) (0.42)
2 1.24 15.02 16.26 7.62 1.92 17.77 19.69 9.77
(0.09) (0.30) (0.31) (0.12) (0.39) (0.43)
1 0.98 16.67 17.65 5.58 1.71 19.10 20.81 8.20
(0.07) (0.28) (0.28) (0.14) (0.35) (0.40)
0 0.86 17.56 18.42 4.66 1.52 19.96 21.48 7.07
(0.08) (0.26) (0.28) (0.11) (0.25) (0.24)
Education
Less than HS 2.07 13.41 15.48 13.35 2.72 15.92 18.63 14.59
(0.12) (0.25) (0.27) (0.15) (0.26) (0.33)
HS Grad 0.82 16.40 17.22 4.76 1.62 18.88 20.50 7.89
(0.07) (0.25) (0.26) (0.10) (0.22) (0.23)
Some College 0.70 16.62 17.31 4.02 1.43 20.36 21.79 6.58
(0.10) (0.35) (0.34) (0.17) (0.35) (0.37)
College 0.63 19.75 20.37 3.09 1.04 21.30 22.34 4.65
(0.11) (0.41) (0.41) (0.17) (0.54) (0.58)
Wealth quartile at age 65
>25% 1.54 13.51 15.05 10.22 2.10 17.48 19.58 10.71
(0.15) (0.45) (0.45) (0.16) (0.34) (0.349)
25-50% 1.28 14.75 16.03 7.97 1.91 17.80 19.70 9.69
(0.08) (0.29) (0.29) (0.12) (0.28) (0.31)
50-75% 1.06 16.32 17.38 6.10 1.91 19.25 21.16 9.02
(0.11) (0.28) (0.29) (0.15) (0.33) (0.35)
<75% 0.95 18.09 19.04 4.99 1.29 20.05 21.34 6.05
(0.10) (0.31) (0.33) (0.14) (0.349) (0.35)

Note: 18,201 respondents (7807 Male and 10,394 Female adults) from HRS 2000-2016. Results from 100,000 Simulations are shown. Bootstrapped standard errors are

in parentheses.

3.2. How do early-life socioeconomic experiences combine with
educational attainment and late-life wealth to predict years dementia-
status life expectancy?

Lastly, we then turn to how life course socioeconomic conditions
combine to evaluate the degree to which later life socioeconomic
achievement might compensate for childhood disadvantages. Table 4
lays out the worst- and best-case scenarios (low education and low
wealth compared to college education and highest wealth quartile) by
level of childhood SES. For example, for men with three SES childhood
disadvantages, subsequent SES disadvantages (less than a high school
education and the lowest wealth quartile) are associated with 2.62 years
of dementia expectancy and 11.82 years of life without dementia.
However, for men who are disadvantaged in childhood but have a col-
lege education and wealth in the top quartile, dementia life expectancy
is highly compressed: only 0.84 years (10 months) of dementia expec-
tancy while dementia-free life expectancy is quite lengthy (20.15 years).
The results are consistent with the idea that improvements in SES after
childhood can play an important compensatory role in reducing the
lifetime burden of dementia while expanding years of life free of
dementia.

The results in Table 4 also show how a lifetime of disadvantage
compared to a lifetime of advantage defines the extremes in dementia-
status life expectancy and this applies to both men and women. For
example, dementia life expectancy at age 65 among men ranged from
2.62 years for the most disadvantaged lifetime (3 childhood SES ad-
versities, low education and low wealth) to 0.6 years (7 months) for the
most advantaged (0 childhood SES adversities, high education and high
wealth).

We find these same patterns for women but with more years of de-
mentia regardless of life course SES circumstances. For example, the
most disadvantaged women are expected to live 3.06 years with de-
mentia and the most advantaged women are expected to live 0.86 years
(10 months) with dementia. These are more years of life with dementia

than men, but the simulations also suggest a substantial decrease in
dementia with improvements in SES circumstances after childhood.
Altogether, these findings suggest that improvements in SES after
childhood can substantially ameliorate the negative consequences of
childhood disadvantage. In other words, upward socioeconomic
mobility can play an important role in reducing the lifetime burden of
dementia and enhancing the length of life without dementia.

4. Discussion

This study makes clear that dementia risk and years of life with de-
mentia are highly modifiable; it reflects exposures over a lifetime. In this
study, we have documented a significant connection between socio-
economic status across the life course and dementia risk with lower
socioeconomic status associated with higher rates of cognitive impair-
ment and dementia (Glymour et al., 2012; Glymour & Manly, 2008; Luo
& Waite, 2005; Zhang et al, 2008, 2016). However, few researchers have
considered that socioeconomic status throughout life may be associated
with dementia risk and the amount of time spent living with and without
dementia—a useful approach to understand SES disparities in individual
lifetime experiences of this syndrome. This study is among the first to
consider how SES status in childhood, early adulthood, and later life and
their combinations shape disparities in years of life with and without
dementia, highlighting another critical aspect to consider when evalu-
ating cognitive health of the population and important sociodemo-
graphic differences. We uncover three notable findings: 1) each life
course period contributes to dementia risk and appears to be additive, 2)
a clear socioeconomic gradient in life with and without dementia was
evident for all three life periods, and 3) while each life course period
contributed to the number of years an individual can expect to live and
without dementia, educational attainment appears to be the most
important socioeconomic life course factor associated with
dementia-status life expectancy.

Our finding that worse socioeconomic exposures at different life
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Table 4
Dementia, dementia-free, total life expectancy at age 65 by gender for combi-
nations of early-life, young adult, and later-life socioeconomic status.

N Dementia  Dementia- Total % of Years
free Impaired.
Male
3 SES Disadvantages
Less than HS, 133 2.62 11.82 14.44 0.18
<25th wealth
quartile
(0.29) (0.57) (0.54)  (0.02)
College, >75th 35 0.84 20.15 20.99 0.04
wealth quartile
(0.20) (0.72) (0.74)  (0.01)
2 SES Disadvantages
Less than HS, 161  2.07 11.68 13.76 0.15
<25th wealth
quartile
(0.26) (0.45) (0.46)  (0.02)
College, >75th 107  0.68 19.53 20.21 0.03
wealth quartile
(0.16) (0.62) (0.64) (0.01)
1 SES Disadvantage
Less than HS, 84 1.93 12.65 14.58 0.13
<25th wealth
quartile
(0.22) (0.50) (0.49)  (0.01)
College, >75th 271 0.62 20.48 21.10 0.03
wealth quartile
(0.14) (0.59) (0.59)  (0.01)
0 SES Disadvantage
Less than HS, 65 1.95 12.45 14.40 0.14
<25th wealth
quartile
(0.30) (0.52) (0.53) (0.02)
College, >75th 865 0.60 20.53 21.13 0.03
wealth quartile
(0.12) (0.55) (0.54)  (0.01)
Female
3 SES Disadvantages
Less than HS, 285  3.06 15.03 18.09 0.17
<25th wealth
quartile
(0.28) (0.42) (0.48)  (0.01)
College, >75th 27 1.19 20.02 21.22 0.06
wealth quartile
(0.25) (0.75) (0.81)  (0.01)
2 SES Disadvantages
Less than HS, 361 257 15.62 18.19 0.14
<25th wealth
quartile
(0.24) (0.48) (0.52) (0.01)
College, >75th 69 0.90 20.80 21.70 0.04
wealth quartile
(0.18) (0.85) (0.92) (0.01)
1 SES Disadvantage
Less than HS, 161  2.55 16.24 18.79 0.14
<25th wealth
quartile
(0.28) (0.40) (0.45)  (0.01)
College, >75th 205 0.85 21.56 22.42 0.04
wealth quartile
(0.19) (0.68) (0.75)  (0.01)
0 SES Disadvantage
Less than HS, 98 2.58 16.40 18.98 0.14
<25th wealth
quartile
(0.29) (0.38) (0.44)  (0.01)
College, >75th 747 0.86 21.92 22.78 0.04
wealth quartile
(0.15) (0.59) (0.61)  (0.01)

Note: 18,201 respondents (7807 Male and 10,394 Female adults) from HRS
2000-2016. Results from 100,000 Simulations are shown. Bootstrapped stan-
dard errors are in parentheses.
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periods are associated with worse cognitive health is consistent with
other work. Several studies have shown that poor childhood SES cir-
cumstances, lower levels of education, and lower levels of wealth in
adulthood are associated with increased rates of dementia and cognitive
impairment (Cadar et al., 2018; James & Bennett, 2019; Marden et al.,
2017; Zhang et al., 2016). We build on this work by providing a more
detailed understanding of how socioeconomic status across the life
course combines to influence later life dementia incidence risk and life
with and without dementia. Our main finding that each life course stage
impacts dementia risk and shapes years of life with and without de-
mentia, points to the importance of socioeconomic conditions
throughout life and their additive nature when understanding dementia
risk. Put differently, dementia risk is not only shaped by more proxi-
mately socioeconomic conditions in adulthood, but also by the socio-
economic conditions that are experienced decades before onset. The
continued importance of childhood socioeconomic conditions may
indicate how childhood environment can shape risk at an early impor-
tant developmental period that is then carried forward, which is re-
flected in both the greater risk of dementia and greater years of life lived
with dementia. However, while a disadvantaged childhood cannot be
fully overcome, upward mobility as evidenced through greater levels
education and wealth can significantly reduce both risk and years of life
spent in that dependent state. This finding suggests that while socio-
economic circumstances are additive, the magnitude of their impact on
cognitive health risk may differ, which will be important for future
research to consider.

Whereas other studies have evaluated the influence of socioeco-
nomic status on dementia risk or mortality, separately, our study ob-
serves how both processes combine to impact years of life with and
without dementia as well as total amount of years, which lets us observe
compression of morbidity—another important dimension of cognitive
health. Similar to other health studies, we find that socioeconomically
advantaged groups are expected to have more years of life without de-
mentia and fewer years of life with dementia. However, the underlying
processes were not clearly understood. In this study, we find that the
most disadvantaged group (low SES throughout life) has greater risk of
dementia and mortality at older ages, but not to the point that mortality
offsets dementia risk to curtail the number of years spent with dementia
(i.e., the mortality did not occur so early to limit the number of years
that disadvantaged group had with dementia). Instead, we find that SES
resources impact both processes. Lower SES older adults are doubly
disadvantaged and spend almost four times more time with dementia
than the most advantaged group, even though they live significantly
shorter lives. Therefore, socioeconomic conditions throughout life
impact dementia and mortality risk and compress morbidity for the most
advantaged.

The importance of SES across all three periods of the life course point
to distinct pathways or mechanisms that link each period to dementia
risk. Because we find that lifetime SES factors are additive, our study
provides evidence that each period ought to have pathways or mecha-
nisms that connect it to later life cognitive health that are not fully
explained by other life course SES factors. For example, early life so-
cioeconomic circumstances may be closely associated with exposure to
other social and biological risk factors (such as poor childhood health,
exposure to pathogens, etc.) that impede cognitive development,
directly impacting later life cognitive health (Seifan et al., 2015; Zhang
et al.,, 2019). While early life circumstances may be connected to
educational attainment (in that people born into a life of socioeconomic
adversity are less likely to obtain higher levels of education) (Jackson,
2009), it was not fully attenuated in our models, which suggests some
other pathways and/or mechanisms that link early life SES to later life
cognitive health are not associated with educational attainment or later
life socioeconomic circumstances. The same argument can be applied to
the other life course periods that were investigated since they are also
have independent effects on dementia risk and dementia life expectancy.
Future research should evaluate how life course pathways and



H. Cha et al.

mechanisms are associated to SES across each period, which would
provide further insight into how SES shapes later life cognitive health
and can be modified to lower dementia risk resulting in fewer years of
life with dementia.

When comparing all three lifetime socioeconomic conditions, we
find that education (in particular, being a high school graduate vs. not
being a high school graduate) has the largest impact on dementia life
expectancy. However, despite the importance of education in these data,
future work should be careful to consider how life course processes are
shaped by historical ones. Public health scholars and demographers
often point to the importance of cohorts in understanding population
health related changes (Bhatta, 2020). In fact, recent work has found
that cognitive functioning among older adults is declining in more
recent cohorts even though educational attainment has continued to
increase (since the early-Baby Boomers) (Zheng, 2020). This unfavor-
able trend suggests that the effect of education may have important
limitations when being translated into cognitive health advantage that
are in part influenced by life course context. For example, a high school
diploma among older adults in our study may have led to stable
employment during adulthood due to the rapid industrialization and
economic growth in the post-war period for the United States (Breen &
Jonsson, 2005). However, since the 1970s, the United States has expe-
rienced rampant growth in economic inequality that has been coupled
with an erosion of working-class jobs, meaning a high school diploma
cannot be translated into the same economic and social resources today
as had been found in the earlier part of the century (Kalleberg, 2009). As
such, the large decline in dementia risk and years of life with dementia
between people with and without a high school diploma may be less
stark in the near future because the social and economic conditions for
high school diploma holders may more closely aligned to less educated
counterparts. Future work evaluating dementia risk and socioeconomic
conditions throughout the life course should consider how larger soci-
etal shifts may have impacted the associations between covariates.

This study has some important limitations. First, our measure of
dementia is based on cognitive tests and proxy reports rather than
clinical diagnosis. Previous research using the HRS has demonstrated
that cognitive tests and proxy tests correctly classify 88% and 75% of
respondents in having dementia or not, respectively (Crimmins et al.,
2011). Nonetheless, the issue of misclassification cannot be ignored.
Second, although we systematically add SES at three different life pe-
riods to evaluate how early life SES changes, our analysis cannot
determine causality. Early life may be tied to other confounding factors
also associated with education. Future studies should more explicitly
investigate how early life SES shapes adult SES to impact cognitive
health in older age. Finally, due to data limitations, we are unable to
evaluate distinct race/ethnic differences. We know that race/ethnicity
in the United States structures risks and rewards, which may lead to
similar differences as had been observed for men and women. The data
we used is primarily composed of white older adults (85% of the sam-
ple). As more data becomes available, future studies should evaluate
how SES across the life course impacts dementia experiences for His-
panics, Blacks, Native Americans, and Asians.

5. Conclusion

Despite these limitations, the current study makes important con-
tributions to the literature on cognitive health and socioeconomic
adversity throughout life. Our study identifies the overall influence of
SES on dementia status life expectancies, helping to inform both
research on modifiable factors as well as research considering biological
pathways. Drawing on a nationally representative sample based on 16
years of data, we find clear patterns in greater dementia risk and indi-
vidual burden (years of life with dementia) for adults with lower SES at
each life periods and throughout life. But similar to other studies that
have emphasized the role of education, we find that educational
attainment appears to be the most consequential life course SES measure
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for dementia: high school graduates regardless of early life adversity or
wealth at 65 have by far the lowest risk and fewest years of life lived
with dementia. This implication is crucial because it emphasizes the
largely cumulative risk of dementia that is tied to socioeconomic con-
ditions throughout life. However, the associations themselves may be
amenable based on larger sociopolitical contexts (Hayward et al., 2015).
Future work should further explore the complexities that tie dementia
risk and burden to socioeconomic conditions, while considering
gendered, racial, or cohort patterns that may elucidate how these pro-
cesses are shaped and influenced by the world in which people live.

Lastly, our research also speaks to the uneven burden of dementia in
population, which may inform future health policy. We found that lower
SES corresponded to greater years of dementia, especially for those with
lower levels of education. This suggests that those with the fewest re-
sources will likely be spending the most amount of time in this highly
dependent state, which has significant implications for healthcare and
caregiving costs. Research has found that the average lifetime costs for
dementia is $321,780 (2015 dollars), which may be higher for people
with lower SES status who live more years with dementia on average.
While the U.S. provides universal health coverage for adults 65 years
and older, it only covers approximately 30% of the costs (Medicare and
Medicaid), leaving 70% to the families (Jutkowitz et al., 2017). As a
result, family members of people with fewer SES resources will have to
cover the gap, which may result in them providing caregiving them-
selves and/or shoulder the burden of paying for the necessary medical
care outside of Medicaid and Medicare coverage to help maintain
quality of life for the person experiencing dementia. While our research
does not evaluate costs directly, it provides a basis for understanding the
stark inequalities in later life dementia experiences that go beyond the
individual but may impact families, communities, and healthcare
systems.
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