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Abstract

Background:  Research on health across the life course consistently documents widening racial and socioeconomic disparities from 
childhood through adulthood, followed by stabilization or convergence in later life. This pattern appears to contradict expectations set 
by cumulative (dis)advantage (CAD) theory. Informed by the punctuated equilibrium perspective, we examine the relationship between 
midlife health and subsequent health change and mortality and consider the impact of earlier socioeconomic exposures on observed 
disparities.
Methods:  Using the Health and Retirement Study, we characterize the functional impairment histories of a nationally representative sample 
of 8464 older adults between 1994 and 2016. We employ nonparametric and discrete outcome multinomial logistic regression to examine the 
competing risks of mortality, health change, and attrition.
Results:  Exposures to disadvantages are associated with poorer functional health in midlife and mortality. However, a higher number of 
functional limitations in midlife is negatively associated with the accumulation of subsequent limitations for White men and women and for 
Black women. The impact of educational attainment, occupation, wealth, and marriage on later-life health differs across race and gender 
groups.
Conclusions.  Observed stability or convergence in later-life functional health disparities is not a departure from the dynamics posited by CAD, 
but rather a result of the differential impact of racial and socioeconomic inequities on mortality and health at older ages. Higher exposure to 
disadvantages and a lower protective impact of advantageous exposures lead to higher mortality among Black Americans, a pattern which 
masks persistent health inequities later in life.

Keywords:   Disablement process, Minority aging, Socioeconomic issues

Research on health and aging consistently documents widening 
racial and socioeconomic disparities from childhood through 
adulthood, followed by stabilization, convergence, or sometimes 
cross-overs in later life (1–4). Such findings have puzzled scholars 
of cumulative (dis)advantage (CAD) (5–7) who expect prolonged 
exposures to structural racism and discrimination on the basis of 
gender, socioecononmic status, and other characteristics may mani-
fest in widening health inequities throughout the life course. Using 
nationally representative data tracking older adults for over 2 dec-
ades and an analytic approach informed by the recently developed 

Punctuated Equilibrium modeling framework (8), we offer a new 
perspective on this puzzle.

Specifically, we examine the relationship between midlife health and 
subsequent health changes and consider the impact of multiple early 
and midlife social and economic exposures on mortality and health 
change as 2 distinct yet interconnected—and sometimes competing—
outcomes. We show that observed patterns of stable or diminished ra-
cial disparities are not a departure from the dynamics posited by CAD, 
but rather a result of the differential impact of racial and socioeconomic 
inequities on mortality relative to health at older ages. Our findings 
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offer insight into the mechanisms through which multiple domains of 
disadvantage both shape and mask inequities in later-life health.

Cumulative (Dis)Advantage and Disappearing 
Disparities in Later Life

CAD theory provides a framework for understanding how advan-
tages and disadvantages accumulate over the life course. This per-
spective—first developed in sociology (9–11) and increasingly used 
to inform gerontological research (6,12,13)—situates individual 
trajectories in the context of structural factors which may exacer-
bate or ameliorate previous (dis)advantages, with consequences for 
individual health and well-being in later life and population-level 
inequality.

A rich empirical literature has documented clear associations 
between exposures to social and economic (dis)advantages in early 
life and subsequent health disparities. It has demonstrated that edu-
cation, occupations, income, and wealth, shape gradients in health 
both independently and jointly, with notable, persistent variation 
across groups defined by race/ethnicity and gender (14–17). It has 
also highlighted the role of social support and engagement (and their 
absence) as determinants of health (18) that operate upstream from 
proximate factors such as individual health behaviors (19).

Longitudinal studies inspired by CAD often consider demo-
graphic sub-populations defined by gender, race, ethnicity, nativity, 
or socioeconomic status (as well as intersections of these categories), 
and employ trajectory models to examine the extent to which they 
vary in baseline measures of health and in the rate of subsequent 
health declines (2,14,20–22). These studies have examined diverse 
health indicators including self-rated health (23), morbidity (20,24), 
functional status (21), and disability (25) and reached somewhat 
varied conclusions about the shape of the health trajectories, the 
magnitude of between-group differences, and the extent to which 
health trajectories respond to social and economic conditions. Still, 
a common finding across these studies is that exposures earlier in 
the life course are stronger predictors of health disparities at mid-
life than of the rate of subsequent health changes. Together, these 
studies suggest that social disparities in health either remain stable 
or narrow somewhat as populations age (14,21,22).

At first, these findings appear inconsistent with CAD theory, 
which posits the accumulation of advantage and disadvantage as 
continuous processes that sustain and increase inequality over time. 
Because the social determinants of health are thought to operate 
throughout the life course (26,27) finding stability or convergence 
of disparities in later life raises questions about the applicability of 
CAD to health at older ages.

Potential explanations for an “age-as-leveler-of-inequality” ef-
fect have drawn on biology, policy analysis, and demography. The 
biological argument posits that universal, biologically programmed 
health declines overtake social and economic factors as the most 
prominent determinants of health in later life, reducing observed dis-
parities (28,29). Policy scholars have noted that at older ages Social 
Security and Medicare—programs that provide a steady income and 
health insurance coverage—may equalize access to health-promoting 
resources more than at younger ages (30). Finally, demographers 
have argued that an observed convergence in health and longevity 
may be a statistical artifact of selection: an outcome of differential 
mortality risks at younger ages (4,31,32). The demographic explan-
ation points to a key distinction between the determinants of indi-
vidual and population health at older ages: For individuals, death 

may follow but cannot precede a period of health declines. For co-
horts, however, mortality at younger ages may influence patterns of 
health for those who survive into older ages. Building on this insight, 
our analysis aims to reconcile the expectations of CAD and the em-
pirical literature on longitudinal health disparities and provide in-
sight into the dynamic relationship between longevity and later-life 
health trajectories in the context of social and economic disparities.

The Current Study

 Our analysis examines variation in the relationship between early 
and midlife social (dis)advantages and health in midlife, subsequent 
health change, and mortality. To capture health status most compre-
hensively, we examine a count of functional limitations, conceptu-
ally situated between chronic conditions and severe disability and 
encompassing a range of mild and severe impairments that individ-
uals can develop or recover from over time (33). This measure is 
commonly used to test CAD hypotheses in trajectory studies exam-
ining how health disparities unfold in later life (21,22,34).

To capture social and economic (dis)advantage, we examine the 
role of education, occupation, and wealth. These factors together en-
compass multiple key attributes of socioeconomic status, including 
relatively early investment in human capital (itself a function of 
parental socioeconomic status), long-term exposure to particular 
working conditions and associated social and economic benefits, 
and the availability of economic resources in adulthood, including 
in postretirement years. These indicators are highly correlated with 
multiple health outcomes, yet their ability to predict changes in later-
life health has been found to be somewhat limited (14,21,29).

We re-evaluate the salience of these factors for disparities in 
later-life health and mortality by moving away from the latent tra-
jectory models most common in studies of health disparities toward 
a Punctuated Equilibrium modeling strategy (8,35). The latter expli-
citly incorporates both mortality and nonrandom attrition as com-
peting risks for multidirectional health change via nonparametric 
methods and multinomial logistic regressions. A  Punctuated 
Equilibrium orientation emphasizes that individual health change 
is neither as smooth, continuous, nor unidirectional as assumed by 
standard population trajectory models. Consequently, it highlights 
heterogeneity in individual health histories while also recognizing 
that they unfold in the context of structural racial, gendered, and 
socioeconomic stratification.

Notably, while social, economic, and behavioral advantages are 
associated with advantageous health and longevity, both the ability 
to attain advantaged statuses and resources and the extent to which 
they translate into health advantages vary by race and gender. For the 
older cohort considered in this analysis, racial residential segregation 
and gendered and racial stratification in educational, employment, 
and family settings are particularly salient. For example, college de-
grees were more common for White men than for any other group 
among this birth cohort (36) and being married has been shown 
to be associated with greater health benefits for men than women 
(37,38). The disproportionate social and economic stressors (39) 
and higher burden of mortality and poor health faced by Black men 
(40), and Black women (41), are thus increasingly understood to re-
flect not only differential individual exposures, but also intersecting 
stratification systems that reinforce each other to influence popula-
tion health and health disparities (42). To capture the heterogeneity 
in the association of social (dis)advantages with health, we stratify 
all analyses by race and gender.
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Method

Data
Our analysis draws on the Health and Retirement Study (HRS), a 
nationally representative longitudinal panel study of older adults 
(43) that includes extensive repeated measures of health and a 
mortality record. Response rates to the survey are high, surpassing 
80% at each wave (44). Because of these strengths, the survey is 
widely used to understand health change over time and test hy-
potheses derived from CAD theory. We use data from Waves 2–13 
of the HRS collected biennially between 1994 and 2016. We ex-
clude Wave 1 from our analysis because the response categories 
for questions on functional limitations, a key variable in our ana-
lysis, were not comparable with other waves in the study (45). 
Our sample comprises 8464 members of the HRS cohort (born 
between 1931 and 1941), which has the largest sample size and 
follow-up period. Our analysis focuses on 3662 White women, 
3317 men, 887 Black women, and 598 Black men; respondents 
who identified as Hispanic or of some other race or ethnicity were 
not included due to small sample sizes.

Measures
To examine changes in functional health at older ages, we use the 
sum of 3 scales administered in the HRS:

	(1)	Mobility: Reported difficulty with walking several blocks, 
walking one block, walking across the room, climbing several 
flights of stairs, and climbing one flight of stairs.

	(2)	Large muscle functioning: Reported difficulty with sitting for 
2 hr, getting up from a chair, stooping or kneeling or crouching, 
and pushing or pulling a large object.

	(3)	Fine motor skills: Reported difficulty with picking up a dime, 
eating, and dressing.

All items are scored so a value of 0 indicates no difficulty and 
1 indicates difficulty. The functional limitations measure ranges 
from 0 (no limitations) to 12 (most limited). Given the range of pos-
sible functional limitations, this measure allows for varied starting 
points and considerable health change in both negative and positive 
directions.

Since the risk of death or attrition increases with both age and 
study duration, we consider loss to follow up and mortality as in-
formative outcomes, consistent with the Punctuated Equilibrium ap-
proach (8). People are considered lost to follow up if they are not 
in sample for the last used round of the HRS (Wave 13)  and do 
not have a date of death via the linked National Death Index. A de-
scription of sample loss across waves is included in Supplementary 
Figures A1 and A2.

Our predictors include multiple upstream social determinants of 
health and one proximate health behavior all measured at baseline. 
The socioeconomic status (SES) measures include highest level of 
education achieved by the respondent (less than high school, high 
school, some college, or 4-year college degree), household wealth 
quintile, and longest-held occupation (none reported, “office” occu-
pation in professional, managerial, clerical or sales, or “non-office” 
occupation in production, operations, service or farming). In add-
ition, our models include marital status as a measure of social sup-
port that has been shown to be particularly salient for members of 
this older American cohort (46). Smoking history (ever smoked) is 
included because of its role as a major proximate determinant of 
morbidity and mortality. It also serves as a useful comparison to the 

more distal determinants of health. Since associations between social 
(dis)advantages and health should be understood in the structural 
context where access to resources and exposure to discrimination 
may have varied by race and gender, we pay special attention to the 
potential of differential exposures and effects via analyses stratified 
by race and gender (See Supplementary Table 1 for characteristics by 
race and gender).

Analytic Strategy
We begin with a nonparametric descriptive analysis stratifying in-
dividuals by the number of functional limitations they reported 
at baseline (0, 1, 2, 3, 4, or 5+) and examining the distribution of 
demographic, social, and economic characteristics in each strata, as 
well as the outcome (same number of functional limitations as ob-
served at baseline, more limitations than baseline, fewer limitations 
than baseline) at round 13. We also consider the percentages who 
ever experienced an improvement in functional status (fewer limita-
tions) or a decline in functional status (more limitations). We classify 
5+ limitations as the highest category because fewer than 10% of 
the sample have more than 5 functional limitations at baseline. To 
capture accumulated limitations among individuals lost to follow 
up (either due to death or survey-nonparticipation), we compared 
starting health and health change among individuals by their ul-
timate status in the survey (in sample with same or fewer limitations 
than baseline, in-sample with more limitations than baseline, lost to 
mortality, lost to follow up).

Next, we conducted a multinomial logistic regression to predict 
4 possible health outcomes at Wave 13 of the survey: (i) in sample 
with the same (or fewer) number of functional limitations than base-
line; (ii) in sample with a health decline as measured by an increase 
in functional limitations; (iii) lost to follow up; or (iv) lost to mor-
tality. The models include functional status at baseline as well as edu-
cation, occupation, marital status, smoking history, and household 
wealth quintile so as to examine the role of midlife health and prior 
socioeconomic (dis)advantages on subsequent outcomes.

We stratify all analyses by race and gender, which we consider as 
markers of differential life experiences due to structural inequality. 
In supplemental analyses, we pooled respondents across race and 
gender. Model fit statistics, specifically the Akaike Information 
Criterion, indicated that a model with multiple interactions by race 
and gender best fit the data, consistent with our understanding of 
how these variables operate to structure lived experiences. To stream-
line interpretation, we present results from the stratified models.

We present relative risk ratios (RRR) from these multinomial 
models with the category “no health change or a health improve-
ment” as the reference. If poor health accumulated gradually across 
the life course, individuals who experienced disadvantages would be 
more likely to have a RRR greater than 1 for experiencing an in-
crease in functional limitations or dying relative to remaining in the 
sample at the same or better health status.

However, the RRRs do not estimate the likelihood that each out-
come will occur nor differences in likelihoods by social position and 
across race gender groups. To quantify the impact of midlife health 
and early conditions on subsequent health change and mortality, we 
also calculate the predicted probabilities of each outcome for our 
race-and-gender-stratified subpopulations under 3 scenarios:

	1.	 Group average: assign each race-gender group its specific average 
level of baseline functional limitations, education, wealth, occu-
pation, smoking history, and marital status.
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	2.	 Concentrated health and social advantage: assign each race-
gender group zero functional limitations at baseline, college-
level education, the highest wealth quintile, an office occupation, 
nonsmoker status, and married status at baseline.

	3.	 Concentrated health and social disadvantage: assign each race–
gender group 5 functional limitations at baseline, a less-than-
high-school education, the lowest wealth quintile, a non-office 
occupation, smoker status, and not married status at baseline.

We first describe outcomes for the race–gender group mean to 
demonstrate group differences in health change and mortality risk 
and highlight systematic differences across groups in health and so-
cial opportunities. Next, we demonstrate how the concentration of 
advantages and disadvantages influences outcomes. To quantify un-
certainty around estimates, we calculate standard errors for the pre-
dicted probabilities across 1000 bootstrapped samples (47).

Finally, we run a number of sensitivity checks to account for 
the impact of potentially selective survival and differential attri-
tion. First, we examine the association between baseline health 
and health outcomes at Wave 6 of the HRS survey (approximately 
the midpoint of follow-up) to see if associations differ when co-
hort members have had less exposure to mortality and attrition. 
Second, for individuals observed at 2 or more survey rounds we run 
race–gender-stratified logistic regression models where the outcome 
is 1 if people have more limitations when last observed and 0 if 
people stay at the same or better functional status. Here, we focus 
on the association of midlife health and earlier life socioeconomic 
conditions with health change during the time respondents were 
in-sample.

Analyses were conducted using Stata 16.1 (StataCorp LLC, 
College Station, TX) employing appropriate survey weights from 
Wave 2 of the HRS.

Results

Looking at respondent characteristics by first observed functional 
status (Table 1) reveals familiar disparities by race and gender. 
White and Black women (46.4% and 5.8% of the sample) are 
underrepresented in the no limitations category (39.5% and 3.7%) 
and over-represented in the high limitations category (52.5% 
and 12.5%). In contrast, White men (43.6% of the sample) are 
over-represented in the no limitations category (51.5%) and 
underrepresented in the high limitations category (29.8%). Black 
men (4.3% of the sample) are over-represented at both tails of the 
distribution: they are both more likely to have no limitations (5.3%) 
and a high number of limitations (5.3%).

As predicted by cumulative (dis)advantage theory, people with 
higher educational attainment and wealth are more likely to start 
the survey with few or no functional limitations and less likely to 
start with high impairment (5 or more limitations). However, the 
relation between starting health and subsequent health change is 
less intuitive. 77.8% of individuals who start out with no limita-
tions experience some increase. In contrast, just 65.0% of those 
who start with 5 or more limitations ever experience increased im-
pairment. Health improvement is not uncommon at midlife; 41.4% 
of respondents had some reduction in functional limitations, with 
the proportion even higher (71.3%) among those who started with 
limitations. While functional limitation appears inversely associated 
with added impairment, it is strongly and positively linked with mor-
tality. 27.7% of those who start the survey without limitations die 

during follow-up; among those with high limitations at baseline, this 
share more than doubles (59.1%).

Classifying individuals by their final outcome (Table 2) reveals 
that remaining in sample for the duration of follow-up is associ-
ated with significant advantage across the life course. Differences 
in health and mortality are particularly salient at the intersection of 
race and gender. Relative to their share of the sample (46.4%) White 
women are more likely to remain in the survey at the same health 
(48.0%) or with more limitations (53.1%) than they are to be lost 
to mortality (39.4%). Meanwhile, White men, Black men, and Black 
women are all over-represented among those lost to mortality.

Social advantage is also related to survey retention, suggesting that 
our understanding of health declines in later life may be dispropor-
tionately informed by the experiences of relatively advantaged adults. 
Respondents with a college education, those in “office” occupations, 
married persons, and the wealthiest households are disproportionately 
represented among those who stay in the sample at the same or worse 
health and underrepresented among those lost to mortality.

A key counter-intuitive finding is that advantaged health status 
in midlife appears to increase the risk of subsequent health declines. 
Tables 3 and 4 present results from race- and gender-stratified multi-
nomial logistic regression models highlighting the differential ex-
posure to and impact of social (dis)advantage across demographic 
groups. For all groups except Black men, the number of functional 
limitations at baseline is negatively associated with the likelihood of 
having more impairments at the last observation (RR = 0.854; 95% 
CI: 0.812–0.897 for White women; RR = 0.823 95% CI: 0.765–
0.886 for White men; RR = 0.822; 95% CI: 0.749–0.902 for Black 
women). For Black men, there is no statistically significant associ-
ation between starting limitations and health change (RR = 0.917; 
95% CI: 0.792–1.062). For White women, White men, and Black 
men, starting limitations are positively associated with mortality risk 
(RR = 1.062 95% CI: 1.014–1.113 for White women; RR = 1.076 
95% CI: 1.011–1.145 for White men; RR = 1.128 95% CI: 1.015–
1.254 for Black men). For Black women, the relative risk ratio is 
similar to other groups (RR = 1.078 95% CI: 0.992–1.172) but only 
marginally significant (p < .10). In other words, for most groups, 
starting with a health advantage increases an individual’s risk of ac-
quiring more impairment but decreases the chances of mortality.

The association of social (dis)advantage and health change dif-
fers systematically by race and gender, suggesting that the findings 
above go beyond simple floor and ceiling effects. White women and 
men with less than a college education and those not in the highest 
wealth quintile are more likely to experience health declines or be 
lost to mortality relative to remaining in the sample at the same or 
better health. However, no such education–health or wealth–health 
gradient is observed for Black men and women. Relative to working 
in a “non-office” occupation, reporting no longest held occupation 
is associated with an elevated risk of mortality for White women 
(RR = 1.509; 95% CI: 1.052–2.164). For Black women, being in 
an “office” occupation is associated with a lower risk of subse-
quent health declines (RR  =  0.540; 95% CI: 0.298–0.976). For 
White men and Black men, there are no statistically significant as-
sociations between occupation and morbidity or mortality. Being 
married is another factor that seems to operate differently by race 
and gender. For White women, being married reduces the risk of 
health declines (RR = 0.767; 95% CI: 0.590–0.998) and mortality 
(RR = 0.752; 95% CI: 0.577–0.982) relative to staying at the same 
or better health. For White men, being married is not associated with 
the likelihood of health change but does reduce the risk of being 
lost to mortality (RR = 0.690; 95% CI: 0.501–0.951). Finally, for 
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Black men and women, there are no associations between marital 
status and subsequent health change or mortality risk. Smoking is 
the only behavioral factor that appears to operate similarly across 
race gender groups—for all respondents, having ever smoked is not 
associated with functional health but does substantially increase risk 
of mortality.

Relative associations may obscure systematic differences in out-
comes across health statuses, social positions, race, and gender. To ad-
dress this concern, we use coefficients from the multinomial logistic 
regression models to calculate predicted probabilities of outcomes 
for the race-gender group average and for profiles of concentrated 
health and social (dis)advantage (See Supplementary Table A2 for 
a full listing of calculated probabilities). Figure 1 provides further 
evidence of an impairment paradox: The groups and scenarios with 
the most advantages often show the highest probabilities of experi-
encing an increase in functional limitation but the lowest probability 
of mortality.

At the group averages, White women have the highest prob-
ability of experiencing an increase in functional impairment (0.335; 
95% CI: 0.317–0.352) but the lowest risk of mortality (0.295; 95% 
CI: 0.276–0.312). Conversely, Black men have the lowest risk of ex-
periencing an increase in limitation (0.194; 95% CI: 0.153–0.238) 
but the highest risk of mortality (0.582; 95% CI: 0.525–0.638). In 
comparison, under a scenario of concentrated socioeconomic and 
health advantage, all race-gender groups experience increased limi-
tations and lower mortality. Differences in probabilities between 
the average and advantaged scenarios are larger for Black men and 
women, reflecting greater levels of health and social disadvantage 
on average. When social and health advantages are applied consist-
ently, inequality by race and gender persists—with the lowest risk of 
death (0.090; 0.066–0.115) for White women and the highest risk 
among Black women and men (0.194; 95% CI: 0.070–0.399 for 
Black women; 0.193; 95% CI: 0.057–0.426). The confidence inter-
vals surrounding these predicted probabilities are quite wide for 
Black respondents, reflecting the small sample for whom such ad-
vantages are observed.

Conversely, when exposed to concentrated disadvantage, the 
probability of experiencing a health decline is lower than average for 
all race and gender groups. Strikingly, for all race and gender groups 
with disadvantaged health and social positions, the probability of 
death is higher than that of survival in poorer functional health. 
Furthermore, race differences persist, with a high probability of 
death for White and Black women (0.635; 95% CI: 0.571–0.688 for 
White women; 0.607; 95% CI: 0.520–0.689 for Black women), and 
an even higher one for Black men (0.850; 95% CI: 0.782–0.907).

While social and health advantages protect against mortality, 
they do not necessarily decrease the probability of experiencing an 
increase in limitations for those who remain in the study. As shown 
in Figure 2, there is significant heterogeneity across groups in the 
association of concentrated (dis)advantage and subsequent increases 
in functional limitations. Changes in the conditional probabilities of 
observed health declines are much smaller and more ambiguous than 
the changes in mortality in response to the same conditions.

Finally, the predicted probabilities point to inequalities in 
follow-up, and underscore the need to understand respondent out-
comes—and variation by race and gender—following attrition. 
Conditional on attrition, the average White woman has the lowest 
probability (0.593; 95% CI: 0.564–0.618) and the average Black 
man has the highest probability (0.849; 95% CI: 0.797–0.894) of 
dying during the follow-up period. For the most advantaged, mor-
tality decreases substantially although significant variation by race Ta
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and gender remain. Among disadvantaged respondents lost to follow 
up, the probability of mortality converges across groups yet Black 
men still have the highest risk (0.968; 95% CI: 0.926–0.991).

To examine the sensitivity of our findings to the selectivity associ-
ated with respondents who are in the first and last survey rounds, we 
conducted 2 robustness checks. First, we reran the multinomial lo-
gistic models using outcomes halfway through the survey (Wave 6 in-
stead of at Wave 13). Consistent with prior results, we find that having 
more functional limitations at baseline is associated with a lower risk 
of added impairment relative to remaining in sample with the same 
or better health for all groups but Black men and that socioeconomic 
gradients in health change and mortality operate only for White men 
and women (Supplementary Table A3). Second, we use a logistic Ta

b
le

 4
. 

M
u

lt
in

o
m

ia
l L

o
g

is
ti

c 
R

eg
re

ss
io

n
 R

es
u

lt
s 

Fr
o

m
 M

o
d

el
s 

Pr
ed

ic
ti

n
g

 H
ea

lt
h

 O
u

tc
o

m
es

 f
o

r 
B

la
ck

 M
en

 a
n

d
 W

o
m

en
 a

t W
av

e 
13

 o
f 

th
e 

H
R

S

 
B

la
ck

 W
om

en
 

B
la

ck
 M

en

 
L

im
it

at
io

ns
 H

ig
he

r 
th

an
 F

ir
st

 
O

bs
er

ve
d

D
ie

d
L

os
t 

to
 F

ol
lo

w
 u

p
L

im
it

at
io

ns
 H

ig
he

r 
th

an
 

Fi
rs

t 
O

bs
er

ve
d

D
ie

d
L

os
t 

to
 F

ol
lo

w
 u

p

Fu
nc

ti
on

al
 L

im
it

at
io

ns
 R

ou
nd

 2
0.

82
2*

**
(0

.7
49

–0
.9

02
)

1.
07

8
(0

.9
92

–1
.1

72
)

0.
92

1
(0

.8
33

–1
.0

18
)

0.
91

7
(0

.7
92

–1
.0

62
)

1.
12

8*
(1

.0
15

–1
.2

54
)

0.
99

8
(0

.8
42

–1
.1

82
)

B
ir

th
 y

ea
r

0.
88

9*
*

(0
.8

29
–0

.9
54

)
0.

80
7*

**
(0

.7
53

–0
.8

65
)

0.
86

2*
**

(0
.7

95
–0

.9
35

)
0.

85
4*

*
(0

.7
74

–0
.9

42
)

0.
78

8*
**

(0
.7

22
–0

.8
60

)
0.

86
8*

(0
.7

75
–0

.9
72

)
L

es
s 

th
an

 H
S 

di
pl

om
a

0.
56

7
(0

.2
16

–1
.4

88
)

0.
72

5
(0

.2
74

–1
.9

21
)

0.
73

2
(0

.2
46

–2
.1

73
)

1.
29

3
(0

.3
13

–5
.3

33
)

0.
73

3
(0

.1
93

–2
.7

85
)

0.
71

9
(0

.1
57

–3
.2

94
)

C
om

pl
et

ed
 H

S
0.

51
1

(0
.2

03
–1

.2
86

)
0.

55
6

(0
.2

20
–1

.4
06

)
0.

72
9

(0
.2

64
–2

.0
13

)
0.

94
5

(0
.2

29
–3

.8
93

)
0.

72
5

(0
.1

90
–2

.7
66

)
0.

52
5

(0
.1

18
–2

.3
37

)
So

m
e 

co
lle

ge
0.

70
1

(0
.2

78
–1

.7
65

)
0.

70
4

(0
.2

71
–1

.8
32

)
0.

65
5

(0
.2

30
–1

.8
65

)
0.

84
3

(0
.1

90
–3

.7
39

)
0.

68
5

(0
.1

74
–2

.7
04

)
0.

65
8

(0
.1

46
–2

.9
67

)
E

ve
r 

sm
ok

ed
 a

t 
R

ou
nd

 2
1.

44
8

(0
.9

08
–2

.3
08

)
2.

14
3*

**
(1

.3
62

–3
.3

73
)

1.
35

2
(0

.7
99

–2
.2

89
)

1.
15

9
(0

.6
05

–2
.2

22
)

2.
38

7*
*

(1
.3

27
–4

.2
95

)
1.

38
2

(0
.6

71
–2

.8
49

)
M

ar
ri

ed
 a

t 
R

ou
nd

 2
1.

27
3

(0
.7

74
–2

.0
96

)
1.

38
8

(0
.8

46
–2

.2
77

)
1.

31
4

(0
.7

45
–2

.3
19

)
1.

24
5

(0
.5

70
–2

.7
23

)
0.

65
4

(0
.3

39
–1

.2
61

)
0.

97
7

(0
.4

24
–2

.2
48

)
Fi

rs
t W

ea
lt

h 
Q

ui
nt

ile
 (

L
ow

es
t 

W
ea

lt
h)

1.
12

2
(0

.3
47

–3
.6

29
)

1.
42

4
(0

.4
47

–4
.5

39
)

0.
78

5
(0

.2
19

–2
.8

17
)

1.
50

6
(0

.3
84

–5
.9

00
)

2.
39

9
(0

.6
14

–9
.3

69
)

0.
25

7
(0

.0
57

–1
.1

51
)

Se
co

nd
 W

ea
lt

h 
Q

ui
nt

ile
0.

95
4

(0
.3

01
–3

.0
22

)
1.

16
5

(0
.3

69
–3

.6
73

)
0.

91
7

(0
.2

62
–3

.2
03

)
1.

07
1

(0
.2

87
–3

.9
88

)
1.

63
4

(0
.4

38
–6

.0
98

)
0.

82
1

(0
.2

22
–3

.0
35

)
T

hi
rd

 W
ea

lt
h 

Q
ui

nt
ile

1.
27

1
(0

.3
92

–4
.1

20
)

1.
10

4
(0

.3
36

–3
.6

31
)

1.
08

9
(0

.2
96

–4
.0

00
)

0.
94

5
(0

.2
41

–3
.7

04
)

1.
65

1
(0

.4
33

–6
.3

01
)

0.
27

9
(0

.0
70

–1
.1

17
)

Fo
ur

th
 W

ea
lt

h 
Q

ui
nt

ile
0.

86
8

(0
.2

55
–2

.9
54

)
0.

47
4

(0
.1

33
–1

.6
81

)
0.

34
4

(0
.0

83
–1

.4
36

)
0.

84
6

(0
.2

18
–3

.2
85

)
0.

95
7

(0
.2

51
–3

.6
53

)
0.

51
9

(0
.1

38
–1

.9
52

)
N

o 
lo

ng
es

t 
oc

cu
pa

ti
on

0.
97

8
(0

.4
14

–2
.3

10
)

2.
15

0
(0

.9
90

–4
.6

72
)

1.
74

3
(0

.7
18

–4
.2

35
)

1.
41

9
(0

.4
89

–4
.1

18
)

0.
72

2
(0

.2
90

–1
.7

97
)

0.
69

0
(0

.1
88

–2
.5

30
)

L
on

ge
st

 o
cc

up
at

io
n 

pr
of

es
si

on
al

, 
m

an
ag

er
ia

l, 
cl

er
ic

al
 o

r 
sa

le
s

0.
54

0*
(0

.2
98

–0
.9

76
)

0.
66

1
(0

.3
67

–1
.1

90
)

0.
76

7
(0

.3
92

–1
.5

00
)

1.
22

5
(0

.5
35

–2
.8

04
)

0.
82

3
(0

.3
94

–1
.7

22
)

0.
95

6
(0

.3
78

–2
.4

17
)

 
88

7
59

8

N
ot

es
: R

el
at

iv
e 

R
is

k 
R

at
io

s;
 C

on
fid

en
ce

 in
te

rv
al

s 
in

 p
ar

en
th

es
es

.
* 

p 
< 

.0
5”

 *
*p

 <
 .0

1 
**

*p
 <

 .0
00

1.

Figure 1.  Predicted probability of having an increase in limitations or dying 
as calculated from multinomial logistic regression models stratified by race 
and gender. The predicted probability is on the y axis and the race gender 
group is on the x axis. Probabilities from the advantaged scenario are shaded 
in light gray; probabilities from the averaged scenario are shaded in gray; 
the probabilities from the disadvantaged scenario are shaded in dark gray. 
The error bars reflect 95% confidence intervals calculated via bootstrapping.

Figure 2.  Predicted probability of having an increase in limitations conditional 
on remaining in-sample or dying conditional on non-response as calculated 
from multinomial logistic regression models stratified by race and gender. 
The predicted probability is on the y axis and the race gender group is on the 
x axis. Probabilities from the advantaged scenario are shaded in light gray; 
probabilities from the averaged scenario are shaded in gray; the probabilities 
from the disadvantaged scenario are shaded in dark gray. The error bars 
reflect 95% confidence intervals calculated via bootstrapping.
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regression to examine functional limitation change between the first 
and last observed round for the subgroup who remain in the HRS 
for 2 or more survey rounds. The results (Supplementary Table A4) 
are also consistent with prior findings from the multinomial logistic 
models; here we find that starting with more limitations is negatively 
associated with the likelihood of being last observed with more im-
pairment for all groups including Black men.

Discussion

Our analysis shows that an observed increase in functional impair-
ment in later life is, paradoxically, a marker of prior advantage. 
While previous studies informed by CAD theory and employing 
trajectory models are predicated on an expectation that baseline 
disparities in functional health will persist or widen, we consider 
functional health change, mortality, and loss to follow up as com-
peting risks for individuals. We explore the implications of this 
“Punctuated Equilibrium” (8) in individual health histories for 
observed population health disparities at older ages. We find that 
those who enter midlife in poorer health are less likely to acquire 
additional impairments over time, but are more vulnerable to mor-
tality. At the same time, a health advantage in midlife reduces mor-
tality risk but increases the likelihood of subsequently experiencing 
a health decline.

We also find that, consistent with CAD theory, deleterious so-
cial and economic exposures earlier in the life course are strongly 
associated with poorer functional health in midlife and with higher 
mortality. However, exposures to and consequences of social (dis)
advantage play out differently across groups defined by race and 
gender. In particular, higher educational attainment and wealth ap-
peared protective for the health and mortality risk of White men and 
women but a similar educational and wealth gradient was not vis-
ible for Black men and women. One possible explanation is that for 
Black adults, the potential advantages of higher education or greater 
wealth are countered by other lifetime experiences of disadvantage 
rooted in racism. It is also possible that while economic advantage 
did matter for Black women and men’s health at earlier ages, the ex-
cess burden of premature mortality created a selected sample of sur-
vivors for whom the socioeconomic advantages were less significant

Taken together, our findings suggest that the leveling of racial 
and socioeconomic inequalities in later-life health is in fact a product 
of (rather than a departure from) ongoing processes of cumulative 
(dis)advantage. Differential exposure to (dis)advantage shapes later-
life health inequities by impacting the composition of cohort mem-
bers who survive into midlife and older ages. Differential impacts of 
earlier socioeconomic advantages by race and gender in turn create 
an unexpected dynamic: More advantaged individuals have a longer 
survival time during which to develop functional limitation.

Scholars of health disparities increasingly call for research 
that goes beyond documenting gaps by race, gender, and class to 
illuminating how structural forces such as racism, concentrated pov-
erty and constrained economic opportunities, and experiences of 
discrimination and marginalization related to gender, race, class, dis-
ability status, and other characteristics create differential health and 
longevity outcomes across populations (1,48,49). A limitation of our 
study is that because the HRS only enrolls respondents starting in 
their 50s, we were unable to account for a complete set of lifetime 
exposures or account for mortality and health disparities that oc-
curred prior to midlife. However, by adopting a punctuated equilib-
rium perspective (8) and recognizing continued survival (albeit with 

accumulated limitation) as a marker of advantage relative to earlier 
mortality our analysis provides an avenue for more clearly linking 
together stratification by race, gender, and class with later-life in-
equities in health.

Our findings suggest a need for equity-enhancing policies and 
programs to consider interventions on both survival and health 
change, as improvements on both fronts are needed. The greater 
variability in the impact of upstream factors relative to the impact of 
smoking suggest that social determinants are likely more powerful 
levers for influencing population health relative to health behaviors. 
Addressing later-life functional health without considering differen-
tial survival will not be sufficient for eliminating racial disparities, 
and may even contribute to widening them. Furthermore, interven-
tions that reduce premature mortality may increase the survivor-
ship of persons in relatively poorer functional health, creating the 
appearance of greater health disparities across groups even if such 
policies in fact increase equity in survival. Finally, the differential 
relationship of socioeconomic factors with health change and mor-
tality by race and gender points to a need for health equity policies to 
encompass broader, multifaceted interventions that address systemic 
racism jointly with socioeconomic disadvantage. To truly achieve 
health equity in later life, such interventions must begin at younger 
ages and be sustained throughout in the life course.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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