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Article

Introduction

The processes leading to the development of functional 
limitations and disability likely operate across the life 
course. Indeed, models of the disablement process 
emphasize its longitudinal nature and posit that interac-
tions between the individual and his or her social, psy-
chological, and physical environments are key elements 
in the development of functional limitations throughout 
the life course (Alvarado, Zunzunegui, Beland, & 
Bamvita, 2008; Makizako et al., 2018). A growing body 
of research highlights the importance of socioeconomic 
status (SES) in shaping these life course processes, 
beginning in early life and extending into middle and 
late life (Mann, Hayes, Basterfield, Parker, & Pearce, 
2013; Willson, Shuey, & Elder, 2007). SES, defined by 
a range of measures spanning education, income, occu-
pation grade, and subjective social status, is linked with 
outcomes including cardiovascular disease (Mensah, 
Mokdad, Ford, Greenlund, & Croft, 2005), cancer inci-
dence, and all-cause mortality (Adler & Rehkopf, 2008). 
There is also evidence to suggest that poor SES has an 
impact on more proximal health outcomes such as 
diminished physical function (PF) (Louie & Ward, 2011; 

Minkler, Fuller-Thomson, & Guralnik, 2006) and physi-
cal limitations, antecedents for long-term outcomes such 
as disability. Understanding socioeconomic inequalities 
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in physical function may further explain persistent dis-
parities in age-related declines overall.

Research seeking to understand the development of 
functional limitations and disability among older adults 
must also account for the sustained impact of low SES 
throughout the life course. Life course studies suggest 
that function in adulthood and later life is often directly 
related to the social environment in childhood (Liu, Jones, 
& Glymour, 2010). For example, a study using the Health 
and Retirement Study found adults who experienced 
socioeconomic disadvantage in childhood lived fewer 
total years, and lived more years impaired compared with 
individuals from socioeconomically advantaged child-
hoods, a finding only partially mediated by adult educa-
tional attainment (Montez & Hayward, 2014). Yet, there 
is still much unknown about which socioeconomic indi-
cators across the life course are most salient for later life 
physical function and how these indicators may work 
together to augment risk for functional impairment in 
later life.

While formally testing the effects of life course SES 
on physical function would require panel data on SES and 
physical function, Ben-Shlomo, Cooper, and Kuh (2016) 
suggest an alternative method of using cross-sectional 
data with a wide age range. Using data from a commu-
nity-based cohort study of individuals aged 30 to 90+ 
years, this study examined the associations of multiple 
indicators of SES, both in early life and late life, with 
physical function. It was hypothesized that low SES, both 
in early- and late-life, would be associated with poor 
physical function across the life course. Furthermore, it 
was hypothesized that individuals who experience sus-
tained low SES, both in childhood and adulthood, would 
have worse physical function compared with those of sus-
tained high SES. Understanding the association between 
SES and physical function across the life course may give 
insights into the origins of health disparities in aging, and 
point to potential interventions.

Method

Study Population

The study sample was drawn from the Physical 
Performance Across the LifeSpan (PALS) study (Hall 
et  al., 2017), which aims to understand physical and 
environmental factors over the lifespan that may con-
tribute to age-related changes in physical function. 
PALS is a nested cohort study of community dwelling 
adults at least 30 years of age who participated in the 
Measurement to Understand the Reclassification of 
Disease of Cabarrus and Kannapolis (MURDOCK) 
Study (Bhattacharya et al., 2012; Hall et al., 2017). The 
study sample was prospectively recruited and stratified 
by sex and age, with oversampling for ages 60 years 
and above. Additional information on the MURDOCK 
study is given in Supplement 1.

All participants provided additional informed con-
sent to participate in the PALS study that covered the 

collection of additional measures of physical function. 
There were 973 individuals in the original PALS study. 
We excluded individuals who were missing information 
on any of the covariates of interest for this study (12% of 
the original sample). Thus, the final study sample con-
sisted of 859 individuals with complete covariate infor-
mation. The study was approved by the Institutional Review 
Boards of Duke University Medical Center and the 
Carolinas Healthcare System.

Physical Function Measures

Physical function was assessed through the following 
functional tests: gait speed, aerobic endurance, and 
lower body strength.

Gait speed was measured using the 4-m walk test, 
adapted from the Short Physical Performance Battery 
(Cabrero-García, Primaria, & undefined, 2012). In the 
4-m walk test, participants walked as fast as they could 
over a distance of 4 m. The fastest time of two trials is 
recorded and converted to gait speed (m/sec).

Aerobic endurance was evaluated with the 6-min 
walk test (Enright, 2003; Steffen, Hacker, & Mollinger, 
2002). For the 6-min walk test, participants were 
instructed to walk as far as they could over 6 min using 
a self-selected pace. The distance walked during this 
time was recorded in meters.

Lower body strength was assessed with the 30-s chair 
stand test (Rikli & Jones, 2013). Participants were 
instructed to rise from a seated position in a chair as fast 
as they could for 30 s while keeping their arms crossed 
at the chest. The total number of chair stands the partici-
pant was able to perform was recorded.

Self-Reported Independent Variables

Five measures of SES were explored and are described 
below.

SES measures
Objective childhood SES.  Objective childhood SES 

was measured through parental education. Responses 
were categorized in five groups as follows: (a) less than 
high school, (b) high school graduate, (c) some college 
or associate’s degree, (d) bachelor’s degree, and (e) 
master’s degree or higher. This study used the highest 
level of parental education reported for either parent.

Subjective childhood SES.  Subjective childhood SES 
was measured through a self-response question that 
asked the participants how well off they felt they were 
while growing up. This variable was coded with five 
levels: (a) poor, (b) below average, (c) about average, 
(d) above average, or (e) quite well off.

Participant education.  Responses were categorized in 
five groups as follows: (a) less than high school, (b) high 
school graduate, (c) some college or associate’s degree, 
(d) bachelor’s degree, and (e) master’s degree or higher.
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Household income.  Household income was cat-
egorized into five groups: (a) less than US$30,000; 
(b) US$30,000-$49,900; (c) US$50,000-$69,999; (d) 
US$70,000-$89,999; and (e) US$90,000 or more.

Socioeconomic trend (SET).  The SET variable was 
built to characterize an individual’s socioeconomic path, 
incorporating both his or her parents’ SES and his or her 
own SES (Figure 1). It was based on the highest parental 
level of education and the income of the participant at 
the time of interview (e.g., someone whose parents had 
less than a high school degree and whose current income 
averaged less than US$30,000 was classified as low-
low). Five descriptive trends were identified: stable low, 
stable mid, stable high, and downward or upward trend.

Age Stratification

Age was assigned categorically in 10-year increments as 
a traditional marker of chronological time. To explore 
the sociological aspects of the aging process, age was 
also categorized into three groups based on likely work 
force participation. Those 30 to 59 years old (n = 273) 
were identified as “earners,” those 60 to 69 years old (n 
= 179) were classified as the “transitioners,” and those 
70+ years old (n = 407) as “retired.” Additional details 
regarding the rationale for this age categorization are 
given in Supplement 1. Supplementary Table 1 gives 
additional details as to the breakdown of socioeconomic 
characteristics by age category.

Covariates

Demographic factors included age; self-reported race/
ethnicity, which was categorized as non-Hispanic Black, 

non-Hispanic White, Hispanic, or Other; sex; marital 
status, categorized as married or with domestic partner, 
separated or divorced, never married, or widowed; and 
employment status, categorized as employed full-time, 
part-time, unemployed, retired, or other.

Statistical Analysis

Categorical variables were analyzed using the Pearson 
chi-square test and continuous variables were compared 
using the t test and reported as means with standard devia-
tion. Class-level variables stratified by sex were analyzed 
with the analysis of variance (ANOVA) procedure. 
Multiple linear regression models were developed to 
examine the cross-sectional association between each 
physical performance measure and (a) objective childhood 
SES (parental education), (b) subjective childhood SES, 
(c) participant education, and (d) household income, inde-
pendently. For each outcome, Model 1 shows the associa-
tion with objective childhood SES, Model 2 with subjective 
childhood SES, Model 3 with current SES (education and 
household income), and Model 4 with all SES indicators 
together. All four models were adjusted for age, race/eth-
nicity, sex, marital status, and employment status.

Model 4 was then stratified by age and was used to 
estimate the association between each outcome of inter-
est and all four measures of SES together. Age stratifica-
tion was done to proxy life course processes. In the 
absence of longitudinal, panel data, utilizing cross-sec-
tional data across a large age span is one method for 
approximating life course changes in the relationship 
between SES and physical function (Ben-Shlomo et al., 
2016). Previous studies using the National Health and 
Nutrition Examination Survey have documented the 
utility of such an approach (Klein et al., 2011; Obisesan, 

Figure 1.  Description of the socioeconomic trend variable incorporating both parental education and participant income.
Note. Each of the shaded Social Economic Trend Boxes represent the total possible combinations between participant income and parental 
highest education. Shaded colors are for illustrative purposes only and do not represent the sample size that falls under each category.
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Umar, Paluvoi, & Gillum, 2012). We also performed 
statistical analyses with an interaction term between age 
and each SES variable for each of the three functional 
measures. We found marginally significant interactions 
between parental education, household income, and age 
for both gait speed and aerobic endurance.

Finally, the association between the SET and each 
outcome was examined, controlling for age, race/ethnic-
ity, sex, marital status, and employment status.

Adjusted regression models are presented with 
unstandardized betas (β) to ease interpretation of results. 
All reported statistical tests were double-sided, alpha .05. 
Statistical analyses were performed using SAS version 
9.4 (SAS Institute, Inc., Cary, NC) and graphics using 
SAS JMP version 13.0 (SAS Institute, Inc., Cary, NC).

Results

Baseline Characteristics

The study sample included 859 individuals ranging in 
age from 30 to 90+ years; 53% were women and 86% 
were non-Hispanic White. Over two thirds reported 
being married (69%) and over half were retired (52%). 
Over three quarters of participants (80%) reported hav-
ing a greater than high school education, and over half 
of the sample (57%) did not have a parent with more 
than a high school education. Fifty-six percent reported 
that their family SES was about average during their 
childhood. Further details of the participants’ baseline 
characteristics are presented in Supplementary Table 2.

Measures of physical performance (Table 1) showed 
that on average the participants had a gait speed of 1.80 
m/s (SD = 0.48) as measured by the 4-m walk test. Their 
aerobic endurance, measured with the 6-min walk test, 
averaged 529.30 m (SD = 142.97). Participants completed 
an average of 14.76 chair stands in 30 s (SD = 6.00).

The distribution of social status pathways from parent 
to offspring using the SET variable showed that 46% of 
participants were in a stable category, meaning both the 
participant and his or her parents had a similar SES; 29% 
were classified as stable low; 3% as stable mid; and 14% 
as stable high. Over one third of participants were classi-
fied with an upward SET whereby the participants’ SES 
was higher than that reported by his or her parents, while 
17% had a downward SET meaning that the participants’ 
SES was lower than that reported by his or her parents.

Association Between SES and Physical 
Function

There was no association between either measure of 
early life SES and the physical function measures 
(Table 2). In the fully adjusted model (Model 4), only 
participant education was associated with gait speed. 
A one-unit increase in education was associated with 
a 0.08 m/s increase in gait speed (p < .0001). In the 
fully adjusted model, both participant education and 
annual household income were independently associ-
ated with aerobic endurance. A one-unit increase in 
education was associated with a 13.98 m increase in 
distance walked in 6 min (p < .01), and a one-unit 
increase in annual household income was associated 
with a 16.31 m increase in distance walked in 6 min 
(p < .001). We also found a significant association 
between both participant education and household 
income and lower body strength. In the fully adjusted 
model, a one-unit increase in education was associ-
ated with a 0.44 increase in the number of chair stands 
performed in 30 s (p < .05); additionally, a one-unit 
increase in household income was associated with a 
0.34 increase in the number of chair stands performed 
in 30 s (p < .05).

Association Between SES and Physical 
Function, Stratified by Age

Associations between SES and each physical function 
measure differed by age group (Table 3). Within the 
earning group (30-59 year olds), only participant educa-
tion was associated with a 0.08 m/s increase in gait 
speed (p < .01). Among those transitioning (60-69 
years), participant education was associated with all 
physical function measures, while household income 
was only associated with lower body strength. A one-
unit increase in participant education was associated 
with a 0.14 m/s increase in gait speed (p < .001), 24.62-m 
increase in distance walked in 6 min (p < .01), and 1.03 
increase in the number of chair stands performed in 30 s 
(p < .05). A one-unit increase in annual household 
income was associated a 0.59 increase in the number of 
chair stands performed in 30 s (p < .05). In the retired 
group (70+ years), only household income was associ-
ated with a 23.46-m increase in distance walked in 6 min 
(p < .001).

Table 1.  Physical Function Characteristics for the Full Sample and Stratified by Sex.

M (SD)
Total sample

Measurement
Range

Men
M (SD)

Women
M (SD) p value

Physical function
  Gait speed (m/s) 1.80 (0.48) 0.45-3.74 1.93 (0.51) 1.69 (0.43) <.001
  Aerobic endurance (m) 529.30 (142.97) 46.33-854.96 564.50 (138.80) 497.50 (139.40) <.001
  Lower body strength (# chair stands in 30 s) 14.76 (6.00) 0-38.00 15.68 (5.65) 13.94 (6.20) <.001

Note. The p values are based on two-sided t tests comparing the means of each measure by sex. Gait speed: 4-meter test: m/s; aerobic 
endurance: 6-min walk test; lower body strength: 30-s chair stand test.
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Association Between SET and Physical 
Function

In the SET analysis, those in the downward trend group 
walked 42.91 fewer meters in 6 min compared with 
those in the upward trend category (p < .001; Table 4). 
Compared with the upward trend group, those in the 
stable low trend group walked 55.02 fewer meters in 6 
min (p < .001), had a gait speed reduced by 0.13 m/s (p 
< .001), and performed 1.25 fewer chair stands in 30 s (p 
< .01). No significant differences were observed for 
those in the stable high or stable mid categories.

Discussion

Using a community-based sample of individuals 
assessed for three physical function measures, the rela-
tionships of multiple dimensions of SES with physical 
function across the adult life course were examined. 
Associations between higher participant education and 
household income and gait speed, aerobic endurance, 
and lower body strength were identified. Although 
parental education had a minimal effect size in the asso-
ciation with gait speed and there were no other associa-
tions between measures of early-life SES and physical 
function, an association between stable low SES, which 
accounted for both early- (parental education) and cur-
rent-life SES (participant income), was found with all 
physical function measures. Furthermore, the age-strati-
fied analysis presented some evidence of SES disparities 

with increasing age. Participant education had a more 
significant impact among those transitioning than those 
in the earning group, while household income was a 
much more important factor among the retired (e.g., bet-
ter aerobic endurance). These findings highlight the sig-
nificance of considering multiple dimensions of the 
social environment as important correlates of physical 
function across the life course.

These results show SES disparities in gait speed, aer-
obic endurance, and lower body strength, which is con-
sistent with previous work documenting SES disparities 
in physical function and disability (Britton, Shipley, 
Singh-Manoux, & Marmot, 2008; Haas & Rohlfsen, 
2010; Haas, Krueger, & Rohlfsen, 2012; Louie & Ward, 
2011; Seeman et al., 1994) as well as work examining 
SES disparities in physical activity (Donoghue et  al., 
2018). Haas et al. (2012) found adult SES to be predic-
tive of physical performance among those 65+ years. In 
addition, Louie and Ward (2011) found associations 
between lower education and increased household pov-
erty and increased functional limitations, even after 
adjusting for disease burden. Interestingly, in this study, 
the association between SES and physical function var-
ied depending on the outcome being assessed.

The life course framework was used to conceptualize 
the development of physical function. Broadly, physical 
function is a manifestation of the health status of multiple 
body systems. Accordingly, measuring physical function 
across age ranges can yield insights into the functional 
aging of individuals, specifically predicting disability. 

Table 2.  Results of the Multivariable Regression Analysis Examining the Association Between Early- and Current-Life 
Socioeconomic Status and Three Physical Function Measures.

Model 1 Model 2 Model 3 Model 4

  β SE β SE β SE β SE

Gait speed (m/s)
  Intercept 2.26*** 0.12 2.32*** 0.13 2.01*** 0.13 2.01*** 0.13
  Parental education 0.04** 0.01 0.002 0.01
  Subjective childhood SES 0.02 0.02 −0.002 0.02
  Participant education 0.08*** 0.01 0.08*** 0.02
  Household income 0.02 0.01 0.02 0.01
Aerobic endurance (m)
  Intercept 736.92*** 34.34 747.67*** 35.15 650.01*** 34.49 664.38*** 35.72
  Parental education 3.54 3.08 −4.94 3.42
  Subjective childhood SES 0.11 4.47 −3.68 4.59
  Participant education 11.34** 3.91 13.98** 4.17
  Household income 15.94*** 3.17 16.31*** 3.17
Lower body strength (# of chair stands)
  Intercept 20.20*** 1.53 19.88*** 1.56 17.96*** 1.57 17.82*** 1.63
  Parental education 0.11 0.14 −0.18 0.16
  Subjective childhood SES 0.25 0.20 0.17 0.21
  Participant education 0.38* 0.18 0.44* 0.19
  Household income 0.34* 0.14 0.34* 0.15

Note. Model 1: Objective early-life SES; Model 2: Subjective early-life SES; Model 3: Objective current SES; Model 4: All SES measures together. 
All models controlled for the following set of covariates: age, race/ethnicity, sex, marital status, and employment status. Significant associations 
in bold. SES = socioeconomic status.
*p < .05. **p < .01. ***p < .001.
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While this study used cross-sectional data, the age-strati-
fied and SET analyses allowed for some inference regard-
ing life course processes that may be at work. The findings 
regarding gait speed, aerobic endurance, and lower body 
strength support a cumulative disadvantage model. In the 
age-stratified model, there was evidence of increasing 
disparities in the association between participant educa-
tion and household income and all three functional mea-
sures. The SET analyses shed further light on these 
processes by showing that those in the stable low category 
fair consistently worse than those on an upward trend. 

These results suggest that more time spent in disadvan-
taged conditions is increasingly detrimental for functional 
status. There are several mechanisms through which pro-
longed disadvantage could impact functional status 
including prolonged nutritional deficiencies, reduced 
access to medical care, restraint of occupational choices, 
and engagement in risky health behaviors (i.e., smoking, 
low physical activity).

Furthermore, socioeconomic disparities were less 
prominent in the oldest age group, and there was a sig-
nificant association of household income with aerobic 

Table 3.  Results of the Multivariable Regression Analysis Examining the Association Between Early- and Current-Life 
Socioeconomic Status and Three Physical Function Measures Stratified by Age Category.

AGE

 

“Earning”
30-59 years

n = 273

“Transitioning”
60-69 years

n = 179

“Retired”
70+ years
n = 407

  β SE β SE β SE

Gait speed (m/s)
  Intercept 1.97*** 0.23 1.51*** 0.31 1.46*** 0.26
  Parental education −0.01 0.02 0.01 0.03 0.003 0.02
  Subjective childhood 0.04 0.03 0.02 0.03 −0.03 0.02
  Participant education 0.08** 0.03 0.14*** 0.03 0.04 0.02
  Household income −0.005 0.02 0.02 0.03 0.03 0.02
Aerobic endurance (m)
  Intercept 593.02*** 50.33 493.19*** 78.77 480.18*** 80.49
  Parental education −4.14 4.71 3.15 6.62 −7.60 5.93
  Subjective childhood −5.07 6.79 8.51 8.85 −7.41 7.68
  Participant education 11.90 6.28 24.62** 8.33 3.44 6.77
  Household income 5.98 4.20 11.72 6.42 23.46*** 5.58
Lower body strength (# of chair stands)
  Intercept 11.39*** 3.24 6.49 3.43 14.61*** 3.25
  Parental education −0.05 0.30 −0.13 0.29 −0.21 0.24
  Subjective childhood 0.01 0.44 0.30 0.39 0.03 0.31
  Participant education 0.47 0.40 1.03** 0.36 −0.07 0.27
  Household income 0.02 0.27 0.59* 0.28 0.40 0.23

Note. All models controlled for the following set of covariates: race/ethnicity, sex, marital status, and employment status. Significant 
associations in bold.
*p < .05. **p < .01. ***p < .001.

Table 4.  Results of the Multivariable Regression Analysis Examining the Association Between Socioeconomic Mobility and 
Physical Function.

Total 
sample
n (%)

Model 1: Aerobic 
endurance Model 2: Gait speed

Model 3: Lower body 
strength

  β SE β SE β SE

Intercept 775.11*** 33.17 2.38*** 0.12 20.95*** 1.50
SET: Up 311 (36) Ref Ref Ref  
SET: Down 147 (17) −42.91*** 11.29 0.01 0.04 −0.74 0.51
SET: Stable high 119 (14) −4.50 11.67 0.07 0.04 0.10 0.53
SET: Stable mid 29 (3) −25.62 20.74 0.04 0.08 0.18 0.94
SET: Stable low 253 (29) −55.02*** 9.96 −0.13*** 0.04 −1.25** 0.45

Note. All models controlled for the following set of covariates: age, race/ethnicity, sex, marital status, and employment status. Significant 
associations in bold. SET = socioeconomic trend.
*p < .05. **p < .01. ***p < .001.
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endurance. These findings highlight the importance of 
income for the aging population as income is a key pre-
dictor of access to health care (Yamada et al., 2015) and 
participation in physical activities (Weiss, O’Loughlin, 
Platt, & Paradis, 2007).

Strengths and Limitations

There are several key strengths to this study. First, 
using objective measures of physical function, rather 
than self-report, reduces the opportunity for bias in 
assessment of health status. Second, the use of a cohort 
with a wide age range, rather than only focusing on a 
sample of older adults, is critical to understanding the 
timing of the development of age-related declines in 
physical function. While many studies are only able to 
examine current-life SES and its relationship to health, 
this study incorporated measures of both early and cur-
rent SES. This provided a more robust view of the 
association of SES with physical function across the 
life course.

There were also several limitations to this study. 
First, as the data were cross-sectional, inferences regard-
ing the timing of the exposure/outcome relationship are 
limited. While the age-stratified analysis allowed some 
inferences regarding life course relationships, longitudi-
nal, panel data would provide a more robust assessment 
of the life course.

The PALS study was performed on a sample of indi-
viduals from a single community and the surrounding 
area, potentially limiting the wide generalizability of 
the findings. The homogeneity of the population, par-
ticularly by race/ethnicity and education, precluded 
more nuanced analyses of social disadvantage. 
Furthermore, the PALS study excluded individuals 
who were unable to walk 30 feet unassisted at baseline. 
This likely introduces a form of selection bias in which 
individuals with the poorest physical function are 
excluded from the study. Thus, we believe our results 
are likely an underestimate of the true relationship 
between SES and physical function.

Finally, this study examined only a few dimensions 
of the social environment that may influence physical 
function. Future studies would benefit from more com-
prehensive assessments of the social environment.

Conclusion

The findings of this study yield several important 
insights regarding functional status across the life 
course. The findings that the amount of time spent in 
low SES, as well as the importance of an individuals’ 
socioeconomic mobility, point to the enduring influence 
of SES on health across the life course. Moreover, these 
findings highlight the need to examine socioeconomic 
factors in ways that capture the life course processes 
associated with them, rather than only considering how 
they may affect health at one point in time. Future 

studies are needed to include both robust measures of 
the social environment as well as multiple measures of 
physical function. Moreover, such studies need to begin 
early in the life course as these processes likely begin 
well before clinical dysfunction is manifest. Such stud-
ies could also shed light on the mediating mechanisms 
linking social disadvantage to physical function.
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