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Abstract

Latinos in the US live significantly longer than non-Latino whites, but spend more years dis-
abled. Differentials in socioeconomic status account for part, but not all, of the difference in
older age disability between Latinos and whites. We hypothesize that a factor often ignored
in the literature—the fact that Latinos, on average, have more physically strenuous jobs
than non-Latino whites—contributes to the higher Latino risk of functional limitations at older
ages. We use longitudinal data from the 1998-2014 Health and Retirement Study (HRS)
comprising 17,297 respondents. Compared to US-born whites, Latinos, especially Latino
immigrants, report substantially higher levels of physical effort at work. Latino-black differ-
ences are much smaller than Latino-white differences. As hypothesized, physical work effort
is strongly related to functional limitations. However, differentials in physical work effort for
Latinos and whites in their fifties and early sixties are weakly related to Latino-white differen-
tials in FL at later ages.

Introduction

Although Latinos in the US live significantly longer than non-Latino whites [1], they spend
more years disabled. In 1989-2006, for example, life expectancy for foreign-born Latina
women was 2.7 years longer than for non-Latina white (hereafter “white”) women, but Latinas
spent five more years with a disability [2]. Disability creates hardship for individuals and fami-
lies. It also reduces individuals’ ability to work, thus potentially exacerbating social inequality.
Latinos are also less likely than whites to have health insurance and the financial resources to
cope with disability and its consequences. Understanding sources of racial and ethnic inequal-
ity in disability can help identify means to reduce disability rates in higher risk groups and the
general population.
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Why would Latinos in the US be more likely to have disability and functional limitations
(FL) than whites, despite having better health on other indicators [1]? FL and disability
are strongly associated with socioeconomic status (SES, i.e., education, income, wealth,
occupational rank, and parental SES) as is race/ethnicity, but SES differentials alone cannot
account for racial/ethnic differences in FL and disability [3-5]. Previous research suggests
that other mechanisms are also involved, including racial/ethnic inequalities in: access to
health care, early life conditions, exposure to environmental hazards, personal health behav-
iors, and stress [6-8]. However, most research on the determinants of disability and FL
ignores another potentially important mechanism: substantial differences in the work
environment for Latinos (especially foreign-born), whites, and workers from other ethnic
groups, and the cumulative effects of differential physical and psychological work condi-
tions on older age FL and disability [9-11]. Latinos (especially immigrants) are more likely
than whites to work in manual jobs requiring heavy physical, ergonomically challenging,
and hazardous work [12-18]. Extensive research on occupational health has shown a strong
relationship between work conditions and health outcomes [19]. Thus, differentials in
work conditions are a plausible explanation for observed differentials in FL between the two
groups.

In this paper, we examine racial, ethnic, and nativity (hereafter REN) differentials in lim-
itations in physical functioning (e.g., walking, lifting), rather than in disability per se. In the
disablement process, FL are necessary but not sufficient, precursors for developing a disabil-
ity. Disability itself depends on the demands of, and supports available in, a person’s envi-
ronment [20, 21]. In terms of differentials in the work environment by REN, we focus on
physical work conditions because they are especially likely to be associated with musculo-
skeletal and other FL-related conditions. However, psychosocial work conditions may also
negatively affect physical functioning. Our central hypothesis is that REN differences in
physical work conditions contribute to REN disparities in physical functional limitations at
older ages. To determine whether there is evidence consistent with this hypothesis, we use
longitudinal data from the US Health and Retirement Study (HRS). Our analysis examines
three central questions. First, to what degree are Latinos disadvantaged relative to whites
and blacks in both FL trajectories and physical work conditions in the HRS sample, as has
been shown in the literature with other data? Second, is heavier physical work during the
50s and early 60s associated with more FL at older ages? Third, do REN differences in physi-
cal work conditions account for a significant proportion of the REN disparities in FL at
older ages?

We focus on Latino-white and nativity differentials, but include non-Latino blacks (hereaf-
ter, African Americans or blacks) who also experience higher levels of functional limitations
(FL) than whites, as an alternative comparison group. Our results are stratified by gender
because of large gender differences in occupational and disability patterns.

To our knowledge, this paper is the first to investigate whether racial/ethnic, nativity, and
gender differentials in strenuous physical work are associated with subsequent trajectories of
older age functional limitations in a nationally representative sample of the US population. As
noted below, most previous research on this topic has been conducted in European popula-
tions, which have substantial cultural, racial/ethnic, and health differences from the US. Our
paper extends the literature on social inequalities in health by investigating a potentially
important, but frequently ignored, mechanism through which these inequalities may occur:
social differentials in work conditions. Despite the extensive occupational health and safety lit-
erature [11, 19] research on the relationship between differential work conditions by REN and
SES and long term health is limited [14, 22].
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Background
Racial, ethnic and nativity differences in functional limitations

Previous studies have examined disability by REN in the US, but few have investigated differ-
ences in functional limitations (FL). Those that do find consistently higher limitations among
blacks than whites; some also find that Latinos (or, in some cases, Mexican-origin individuals)
have more limitations than whites, but the Latino-white differential is not consistent across
studies [6, 23-25]. The study most relevant to our analysis is Haas and Rohlfsen [6], which
analyzes longitudinal 1992-2004 US Health and Retirement Study (HRS) data. The authors
conclude that both Latinos and blacks have substantially higher numbers of limitations than
whites, although Latino and white trajectories of FL converge at older ages. However, they do
not examine the potential role played by occupational segregation and associated physical
work conditions on FL. Nor do they look at nativity differentials which may be especially
important for the Latino population.

Functional limitations have been shown to be less predictive of mortality for blacks and
Latinos than for whites, suggesting that although these groups experience more FL, this higher
FL prevalence may partly result from wear and tear and injuries that do not necessarily lead to
higher mortality [26].

Work conditions and functional limitations at older ages

Work is highly stratified by REN and gender [12, 27]. In 2006-2010, for example, 70% of
Latino men held manual labor occupations compared to 58% of black men and 46% of white
men. For women, comparable figures were 43% for Latinas, 35% for black women, and 23%
for white women [28]. There is also a large gap between US-born and foreign-born Latinos
and, among immigrants, by documentation status [15, 18, 29]. Latinos, particularly undocu-
mented immigrants, are more likely to hold hazardous and physically strenuous jobs than
whites [18, 30]. Undocumented immigrants are also more likely to work in informal and
poorly regulated jobs [18, 31-33].

Since the 1800s, research has demonstrated that physical work conditions affect health
through exposure to hazardous substances, injury, and long-term wear and tear as well as
higher disease prevalence [19]. Blue-collar jobs often involve exposure to physical hazards [11]
including moving heavy loads, harmful positions (e.g., bending, crouching), repetitive motion,
heights, hazardous equipment, and limited physical movement. Although regular physical
activity is important for health, the strenuous physical activity in many blue-collar jobs has
been shown to be harmful [34, 35]. Studies, mostly from Europe, have linked strenuous physi-
cal work conditions to FL and poor health in later life [36-40]. To the best of our knowledge,
no studies have examined these linkages among race/ethnicity, strenuous work conditions and
FL in the US.

Other factors: Early life conditions, socioeconomic and marital status, and
health

Physical work conditions may be associated with subsequent functional limitations for reasons
aside from a direct causal link. These reasons include: health conditions and behaviors, early
life conditions and educational attainment, adult socioeconomic status (SES), and marital sta-
tus. Thus, our analysis includes these factors as control variables.

Health behaviors and conditions, like smoking and obesity, are strongly associated with
functional limitations and vary considerably by race, ethnicity, and nativity [41-43]. Not sur-
prisingly, health conditions at middle and older ages which are linked to those behaviors, such
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as diabetes and heart disease, also vary by REN and can have a substantial impact on the risk of
developing FL [44-47].

The same life circumstances and social structure that can lead Latinos and African Ameri-
cans to work more often than whites in physically strenuous jobs may also, independently,
affect their likelihood of experiencing late life FL: lower educational attainment, poorer early
life conditions, parental occupations, and discrimination and structural racism [48-53]. An
extensive literature suggests that an individual’s occupation and work conditions are deter-
mined primarily by parental social status, childhood disadvantage, and educational attainment
[54-58]. Intergenerational social mobility in the US is relatively low and childhood disadvan-
tage is strongly associated with poor educational and occupational attainment as well as
income and wealth in adulthood [59]. Children in low-income families are also more likely to
have poor health, including poorer physical and cognitive development, which may directly
affect health outcomes in later adulthood, including FL [60, 61].

Socioeconomic status (SES) in adulthood is also strongly linked with race/ethnicity and
nativity, and may account for a substantial part of the REN differentials in FL. SES is strongly
associated with virtually all aspects of health—including older age FL [3, 62-64]. Many studies
investigating the SES and FL relationship are cross-sectional and focus exclusively on educa-
tional attainment and current income and wealth. Contemporaneous measurement makes it
impossible to identify the direction of association, since FL may also lead to lower income and
wealth, and, depending on age of onset, lower educational attainment.

Few studies have investigated the role of SES in affecting FL at older ages. Those that do
conclude that controlling for SES substantially reduces the differential risk of FL and/or dis-
ability between Latinos and whites [6, 62]. Haas and Rohlfsen [6] include both adult and
childhood SES variables in their models. They find that inclusion of childhood disadvantage
substantially reduces the Latino-white differential, but that the effects of childhood disadvan-
tage are largely due to its correlation with adult SES [6].

Previous research also shows that marital status is associated with older adult health out-
comes and with socioeconomic status [65]. Marital status varies considerably among racial
and ethnic groups in the US, with whites more likely to be married and blacks less likely to be
married, compared to Latinos [66].

Data

We use data from the Health and Retirement Study (HRS), a US national longitudinal survey
of individuals over 50 years of age, interviewed every two years since 1992 —initially in-person
and subsequently by phone. HRS is the model for a series of national longitudinal surveys on
aging in Europe, Asia, Latin America, and Africa [67]. It is based on a multi-stage clustered
probability sample, with an oversample of blacks and Latinos. Respondents aged 51-61 were
sampled in 1992 and cohorts aged 51-66 have been added every six years since then [68]. In
sampled households, one respondent is picked at random from residents older than 50; if the
respondent has a spouse, (s)he is also included in the sample, regardless of age. We use the
HRS because, unlike other large, nationally-representative longitudinal surveys in the US, it
focuses on a sample of older adults; collects well-tested measures of physical functioning,
respondents’ physical work conditions, and socioeconomic status; and oversamples the Latino
population.

Our data sets were constructed from the 2014 HRS tracker file and the RAND HRS files
through 2014 (version 2). These files are public-use deidentified survey data collected and dis-
tributed by the University of Michigan’s Survey Research Center under approval by the Insti-
tutional Review Board (IRB) at the University of Michigan. This research was reviewed,
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classified as “exempt,” and approved by the IRBs at the University of California, Los Angeles
and Princeton University.

We use data from waves (interviews) between 1998 and 2014, including proxy responses.
Earlier waves are excluded because of variations in samples and questionnaires. Of the 176,277
person-waves in the total HRS sample for 1998-2014, we excluded 3.2% who were respondents
(primarily spouses) younger than 50 and 2.5% who reported a race/ethnicity other than Latino,
black or white. We also excluded 3.4% of observations who were spouses of the primary
respondents in second or higher order marriages, thereby eliminating multiple spouses with
the same household number. Finally, we excluded 0.85% of observations that were missing a
response to at least one of the functional limitation questions (described below).

Given our goals, the sample was then restricted to respondents for whom physical work
effort data are available. HRS data on employment and work effort are available primarily for
jobs held during the survey years (1992 to 2014). For this reason, our sample includes only
respondents who were working (employed for pay) at or close to their first interview in the
observation period (i.e., 1998 to 2014) and who provided the information on work effort. The
sample comprises 94,975 observations of 17,297 respondents (8,226 men and 9,071 women),
for an average of 5.49 observations per person. Of the potential 103,498 observations that
could have been included for these respondents, 8,523 observations (8.2%) were lost-to-fol-
low-up (i.e., the respondent was alive but did not participate in the interview for a specific
wave) and are therefore excluded from the analysis in the wave that is missing; all other obser-
vations for these respondents through 2014 are included. Most (13,627) of the 17,297 respon-
dents in the analytic sample had information on physical work effort in 1998 or at their first
interview post-1998. However, because not all employed respondents reported work effort at
these times, this total also includes (a) 2,101 cases that reported work effort in a later (but not
the first) interview in the observation period and (b) 1,569 cases that reported work effort
before 1998 but not during the observation period. For cases in which work effort was first
reported in a later interview in the observation period, we began observation of the FL trajec-
tory with the wave in which work effort was reported. On average, respondents in the
employed sample were 58 years old at the time they answered these questions.

Note that HRS contains no information on work conditions associated with unpaid house-
work or caregiving, which may also be physically demanding and vary substantially by gender
and REN. Of necessity, we classify homemakers and individuals providing care for family
members without pay as “not working,” along with those who are not working for pay for
other reasons (e.g., unemployed, out of the labor force, retired).

Measures

Outcome. The outcome varijable is a measure of physical functioning. At each wave,
respondents reported whether they could do specific tasks: walking several blocks; walking one
block; sitting for two hours; getting up from a chair; climbing several flights of stairs without
resting; climbing one flight of stairs without resting; stooping, kneeling or crouching; extend-
ing arms above shoulders; pushing or pulling large objects; lifting or carrying at least 10
pounds; and picking up a dime. Respondents reporting difficulty or inability with, or not per-
forming, the task were considered to have the limitation, a strategy previously used with HRS
and other survey data [69]. The questions were designed to exclude limitations lasting less
than three months. Our outcome variable is the number of FL reported by the respondent
from this list, summed to create a measure that ranges between 0 and 11.

Exposure. We consider two self-reported work effort measures likely to affect physical
limitations: physical effort and heavy lifting. HRS asked employed respondents (1) whether
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their current “job requires lots of physical effort” and (2) whether their current “job requires
lifting heavy loads,” and respondents indicated whether this is “true all or almost all of the
time, most of the time, some of the time, or none or almost none of the time.” Both variables
are dichotomized to distinguish most, almost all or all of the time from the other categories.
We refer to these two variables collectively as “work effort” and to the individual variables as
“heavy physical effort” and “heavy lifting.” As noted above and described below, we measure
these variables at one point in time—at or close to the first interview in the observation period
—and consider their effects on the subsequent trajectory of physical functioning for each
respondent.

HRS occupational history data are limited primarily to jobs held during the survey years
(1992 to 2014). Although some information on a maximum of two earlier jobs is available
from respondents’ first interview (e.g., the most recent job—prior to the current or last job—
with duration of at least five years), information about the level of physical effort is asked only
for the current job at first interview plus current jobs at all subsequent interviews.

Thus, we restrict the job effort variables to a single point in time at or close to the first inter-
view in the observation period. This provides a measure for respondents in their 50s or early
60s, when they are likely to be working in an occupation with a similar level of work effort as
the main occupation they had held in their prime working years. Empirical evidence suggests
that it is common for individual workers to have the same types of occupations over their
prime working years—e.g., ages 30 to 60 —although in recent years, there has been some
increase in lifetime career mobility [70]. Undoubtedly, as workers in jobs with high physical
effort approach retirement, some may move into less physically demanding jobs within their
occupational category, but other workers (e.g., undocumented immigrants, those with multi-
ple dependents) may not have the choice. To the extent that HRS respondents moved to less
strenuous jobs over their lifetimes, our analysis would provide a conservative test of our
hypothesis. HRS data reveal that many older workers do have jobs requiring strenuous physi-
cal work. For example, close to 40 percent of our analytic sample reported that their work
involved heavy physical effort.

Covariates. Race, ethnicity, and nativity. Our primary covariate of interest is race/ethnic-
ity and nativity (REN). REN is coded into six groups, implicitly incorporating their interac-
tion: Latino US-born, Latino foreign-born, black US-born, black foreign-born, white US-born
(the reference group), and white foreign-born. Although self-classifications of race, ethnicity,
and nativity can change over time, we used the time invariant variable provided by the HRS
Tracking File.

Age and wave. Because functional limitations develop over time and during the aging pro-
cess, the respondent’s age is a key variable throughout the analysis. Age at the time of each
wave is treated as continuous and centered on 60 years. We also include the HRS wave num-
ber, from 4 (1998) to 12 (2014), as a period effect.

Early life socioeconomic status (SES). We include eight early-life variables including family
financial status from birth to age 16 (coded as fairly well off, about average, and poor); father’s
employment status prior to age 16 (coded as father had periods of unemployment of at least
three months, father did not have these periods, and father did not live with child); mother’s
education in years; father’s education in years; whether the respondent lived in a rural area
most of the time; health status prior to age 16 (coded as poor or fair vs. good, very good or
excellent); height at first interview (in meters), which provides an indirect measure of child-
hood nutritional status and disease [71]; and completed years of schooling at first interview.
All early-life variables were treated as time-invariant.

Adult SES. We include three adult SES-related variables. HRS collects detailed information
at each interview regarding the respondents’ and spouses’/partners’ incomes (e.g., salaries and
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wages, business income and losses, investment income, income from transfers and public pro-
gram receipts, etc.) for the calendar year prior to interview and wealth or assets (e.g., bank
accounts, investments, home value, value of other assets etc.) at the time of the interview. The
data files provide variables for income and wealth of the couple, which we refer to as household
income and household wealth in the analysis. These income and wealth variables are time-
varying and are coded into quartiles of real 1992 dollars (based on the full sample of HRS
respondents). We also include whether the respondent is currently married as a binary time-
varying measure.

Adult health. The models include three time-varying measures of adult health. The first is
whether or not the respondent ever smoked. The second is the body mass index (BMI) in the
three conventional obesity classes—(30-35), (35-40), and (40-45)-with non-obese as the refer-
ence category. We also include whether or not a doctor ever told the respondent that (s)he has
diabetes or high blood sugar.

Analytic strategy

The first goal of the analysis is to assess the level of REN differences by gender in both the out-
come and exposure variables. We examine trajectories of physical functional limitations by age
by REN and gender for the entire HRS sample to provide a picture of the size of REN and gen-
der differentials at older ages in the United States. As described above, the nature of HRS data
limit our analytic sample to respondents employed at the time of initial observation. If workers
in jobs requiring heavy work effort are more likely to develop functional limitations, they may
retire early, go on disability, or be unable to work and be excluded from the analytic sample.
For this reason, we also investigate whether there are substantial differences in FL trajectories
between the entire HRS sample and our analytic sample. The analysis is presented in S1
Appendix and summarized in the results section. We also describe racial and ethnic differen-
tials in reports of heavy physical effort across occupations for our analytic sample.

The main part of the analysis addresses the other goals described in the introduction: (a)
investigating the association between work effort and functional limitations and (b) whether
REN differentials in physical work effort can account for REN differentials in older age func-
tional limitations. Because the outcome is a count (the number of FL), we use Poisson regres-
sion, specifically a mixed effects Poisson regression model that includes a normally distributed
random intercept to account for multiple observations per respondent. Poisson models typi-
cally provide a poor fit to such data because of overdispersion—i.e., variance in the observed
data that greatly exceeds the mean, violating the assumption of equal mean and variance in a
Poisson distribution. This situation arises because many respondents have no FL, resulting in
amuch larger proportion of zero values than in a Poisson distribution. The problem of excess
zeroes has frequently been addressed with a two-part model (e.g., a zero-inflated Poisson
model that separately models the probability of having zero limitations; see [72]). However, in
this analysis the overdispersion is reduced sufficiently by inclusion of a random effect for indi-
viduals, thereby avoiding the complications of a two-equation model. In particular, a Poisson
model with a random intercept provides a much closer fit to the observed data than a simple
Poisson model [73]. For example, 36% of observations in our sample have zero limitations. A
standard Poisson model including only age as an explanatory variable predicts only 12% with
zero limitations whereas the corresponding random intercept Poisson model predicts 32%.

To investigate the association between work effort and functional limitations, we estimate
two nested random intercept Poisson models, which we refer to as “trajectory models” since
they examine person-level trajectories in functional limitations: Model 1a, which includes age,
marital status, wave, adult health variables, and work effort variables; and Model 1b, which
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adds early life variables and measures of adult SES. Both models include linear and quadratic
terms for age to capture the nonlinear increase in FL at older ages. They also include interac-
tions between REN and age to allow for differential rates of increase of FL with age across
groups (interactions with the quadratic age term were not significant in preliminary analyses
and were thus not included). Exploratory analysis indicated that the association between work
effort and limitations did not differ by REN so these interaction terms were not included. We
use Models 1a and 1b to obtain insight into the strength of the relationship between work
effort and FL by comparing the work effort coefficients to the corresponding estimates for the
three adult health status variables described earlier that are known to have important effects
on FL.

To determine whether REN differentials in physical work effort can account for REN differ-
entials in FL, we estimate variations of the trajectory models above to examine the difference
in predicted counts of FL by REN associated with the inclusion of work effort. Model 2a
includes age (linear and quadratic terms), marital status, and wave. Model 2b additionally
includes work effort variables. Model 2¢ includes all predictor variables with the exception of
work effort variables; this corresponds to Model 1b without work effort variables.

We present these results as predicted counts of FL because the interaction term between
REN and age in the trajectory models makes it difficult to discern the magnitude of REN dif-
ferentials from the estimated coefficients. Predictions are essentially simulations of the out-
come based on a particular set of inputs. They were calculated by assigning all individuals the
same REN, setting age to a specific value, and keeping all other covariates at their observed val-
ues. Since the central interest of this paper is the association of work conditions at first inter-
view with functional limitations that occur subsequently, i.e., at later ages, we use age 70 for
the predictions (of FL). We chose age 70 to allow for substantial follow-up subsequent to the
age at which work effort was reported (in the 50s and early 60s), and, at the same time, to
avoid high rates of attrition (loss-to-follow-up and death) at the oldest ages.

All estimates, except for those in Table 1 and Figs 1 and 2, use multiple imputation for miss-
ing data. Missing data on time-invariant characteristics were imputed using the MI procedure
(Stata version 15.0), producing 10 data sets. To improve the quality of the prediction, the
imputation procedure included variables in, and outside of, our analysis (see S2 Appendix).
Time-varying characteristics—the number of functional limitations and the health variables—
are included in the analysis in their original (non-imputed) form. All analyses are unweighted,
though we control for factors associated with sample selection in our multivariate models, an
approach that has been shown to produce unbiased and efficient estimates [74, 75]. As noted
earlier, all analyses are stratified by gender.

Results

Table 1 shows summary statistics and the frequency of missing data for the analytic sample.
Although sample sizes of most REN subgroups are large, a relatively small proportion of
respondents are foreign-born blacks (1.4% or N = 247). The largest groups are US-born whites
and blacks and most respondents were married. In more than a third of current jobs, respon-
dents reported that heavy physical effort was required most, almost all or all of the time. Heavy
lifting was less common, with about 22 percent of jobs requiring it most, almost all or all of the
time. The average educational attainment for respondents’ parents was less than high school
(~10 years), but for respondents it was slightly more than the 12 years typically required to
complete high school (12.9 years). A sizable minority of respondents reported coming from a
poor background or paternal unemployment. Respondents reported an average of 1.7 func-
tional limitations. In terms of health status, 58% had ever smoked, 11% had been diagnosed
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Table 1. Summary statistics of the analytic sample of employed HRS respondents: 1998-2014.

Variable Analytic Sample (N = 17,297)
Percent or Mean (SD) Percent Missing

Demographic
Age (years) 58.2(7.2) 0
Female 52.4 0
Race/Ethnicity/Nativity 0.05

US-born Latino 4.8

Foreign-born Latino 7.4

US-born black 16.7

Foreign-born black 1.4

US-born white 66.8

Foreign-born white 2.8
Married 69.5 0.1
Job effort requirements

Heavy physical effort 38.3

Heavy lifting 222
Early life characteristics
Father’s years of education 9.7 (4.1) 14.0
Mother’s years of education 10.0 (3.7) 8.0
Respondent’s years of education 12.9 (3.1) 0.4
Lived in rural area 45.1 3.4
Poor health in childhood 5.7 0.2
Childhood SES 0.3

Pretty well off 7.6

About average 63.9

Poor 28.5
Father’s unemployment before age 16 1.2

Never unemployed 73.9

Unemployed > 3 months 18.1

Father not around 7.9
Height (meters) 1.7 (0.1) 0.5
Adult SES
Household income 0

First quartile 16.4

Second quartile 22.6

Third quartile 29.3

Fourth quartile 31.7
Household wealth 0

First quartile 25.2

Second quartile 31.2

Third quartile 25.8

Fourth quartile 17.8
Adult health
Number of limitations 1.7 (2.3) 0.2
Ever smoked 58.1 0.3
Ever diagnosed with diabetes 114 0.1
Obesity 1.9

Not obese 69.5

(Continued)
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Table 1. (Continued)

Variable Analytic Sample (N = 17,297)
Percent or Mean (SD) Percent Missing
Class 1 (30 < BMI < 35) 20.4
Class 2 (35 < BMI < 40) 6.8
Class 3 (40 < BMI < 45) 3.2

https://doi.org/10.1371/journal.pone.0247804.t001

with diabetes, and about 30% were classified as obese (i.e., BMI >30). There is little missing
data except for some of the childhood variables, such as paternal and maternal educational
attainment and whether the respondent lived in a rural area while growing up.

Racial/ethnic/nativity differentials in FL

We begin by examining race, ethnic, and nativity differentials in functional limitations. To
represent the entire population at these ages in the US, we use the sample of HRS respondents
whether or not they were employed at the time of first observation. This sample is described in
more detail in S1 Appendix. Using this sample, we estimate a trajectory model of FL (also
described in S1 Appendix) with the following basic controls: age, wave, and marital status.

Fig 1 displays the mean number of functional limitations by REN and gender from ages 50
through 80 estimated from the model. The graphs reveal the normal rise in FL with increasing
age and the relatively higher FL prevalence for women. Throughout this age range, both US-
born and foreign-born Latinos have more FL than any group except US-born blacks. For all
groups, US-born respondents report more limitations than their foreign-born counterparts,
although the difference for Latinas is small for much of the age range. The low FL of foreign-
born blacks, relative to all groups except foreign-born whites, is not surprising—earlier
research has shown that black immigrants experience considerably lower levels of disability
and lower morbidity and mortality than US-born blacks [76, 77]. Estimates for foreign-born
blacks are imprecise and should be interpreted with caution due to the relatively small sample
size for this group.

For almost all of the individual functional limitations that comprise the FL measure, Latinos
report having the particular limitation more frequently than whites, irrespective of nativity
and gender. After we adjust for age, marital status, and wave using the multivariate model,
either Latinos (mostly US-born Latinos) or US-born blacks have the highest prevalence for
any given limitation (see S3 Appendix).

As described above, because HRS collects data on work conditions only during the survey
period, our main study is based on a sample of respondents who were employed at or close to
their first observation in their 50s or 60s. However, it is quite likely that individuals with higher
numbers of FL were especially likely to have exited the labor force before these ages or to have
been unemployed at the time of HRS interview, and thereby excluded from our analytic sam-
ple of employed persons. If this exclusion occurred more frequently for Latinos than whites,
data for the analytic sample would likely show a smaller differential in FL between Latinos and
whites than observed in the full sample. Our analysis (S1 Appendix) shows that the Latino dis-
advantage relative to whites in FL is, indeed, somewhat smaller in the analytic sample. The
impact of this reduced disadvantage on our results is considered in the discussion section.

Racial and ethnic differences in heavy physical effort

After establishing the REN differentials in FL, we describe the distribution of heavy physical
effort by race and ethnicity. Fig 2 displays the prevalence of reporting heavy physical effort for
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Fig 1. Predicted number of functional limitations by gender, age, and race/ethnicity/nativity. These predictions are
based on the HRS 1998-2014 sample, regardless of employment status, which is described in S1 Appendix. Predictions
are based on a Poisson model with an individual-level random effect including age (centered on 60 years), age squared,
race/ethnicity/nativity (REN), an interaction between age and REN, marital status and wave as predictors.

https://doi.org/10.1371/journal.pone.0247804.9001
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Fig 2. Occupational distribution for the employed sample by race/ethnicity (left) and percent reporting heavy

physical effort (right) by occupation, stratified by gender.

https://doi.org/10.1371/journal.pone.0247804.9002
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the most common occupations alongside the percent in each occupation by race/ethnicity,
shown separately for employed men and women. The graph confirms that the highest average
physical effort is reported for manual and less skilled occupations, as we would expect. The fig-
ure also demonstrates that Latinos are much more likely than whites to hold high work effort
occupations and less likely than whites to have jobs requiring lower effort.

To determine whether early life variables and adult SES could account for REN differences
in work effort, we also conducted a multivariate analysis in which the outcome variable is
work effort (based on separate models for heavy physical effort and heavy lifting) at the
respondent’s job (during their 50s or early 60s) and the covariates are age, age squared,

REN, early life characteristics, and respondent’s years of education. The results, shown in S4
Appendix, confirm much higher work effort among Latinos and blacks compared with whites.
When early life conditions and educational attainment are held constant, the Latino-white gap
narrows considerably but the black-white gap remains large.

Effect of work effort on FL

Next we examine the association between physical work effort and functional limitations in
the employed sample. We use two trajectory models—Models 1a and 1b, described above. The
latter adds early life variables and measures of adult SES to Model 1a. The association between
work effort and FL remains statistically significant in Model 1b, as the values in Fig 3 show. To
illustrate the relative size of this association, we compare the effect of work effort to those of
several health conditions and health behaviors (obesity, diabetes, and smoking), which are
known to influence the development of FL; all variables are dichotomous. Fig 3 displays expo-
nentiated coefficients (i.e., the incidence rate ratios or IRRs, which denote the rate of FL for a
particular group relative to the complementary reference group) and 95% confidence intervals
associated with the work effort measures and with the three health variables.

The IRRs in Fig 3 are shown for: class 1 obesity (vs. non-obese), ever diagnosed with diabe-
tes, ever smoked, heavy lifting, heavy physical effort, and combined heavy physical effort and
lifting. Although the IRRs are smaller in Model 1b than Model 1a, as would be expected with
the inclusion of childhood variables and adult SES, the effects of heavy physical effort and
heavy lifting remain sizeable in Model 1b and on par with the health variables. For example,
for both men and women, the IRR for heavy lifting (female IRR = 1.16 (1.09, 1.23); male
IRR =1.16 (1.07, 1.24)) exceeds that for diabetes (female IRR = 1.11 (1.08, 1.14); male
IRR =1.12 (1.08, 1.16)) in Model 1b. The combination of heavy physical effort and heavy lift-
ing (reported by one-sixth of the analytic sample) indicates that those reporting both aspects of
work effort have 25-30% more FL than those whose jobs have neither work condition, a rela-
tive incidence that exceeds those associated with the health variables, except for ever smoking
among men.

Effect of work effort on racial/ethnic/nativity differences in numbers of
limitations

Above we showed that work effort appears to be strongly associated with functional limita-
tions. Next we explore the extent to which racial/ethnic/nativity differences in work effort can
account for racial/ethnic/nativity differences in functional limitations. We do so by assessing
how REN differentials in a model change when work effort variables are added to the model.
We examine this change in a model with few covariates. Fig 4 (based on the coefficients in the
S5 Appendix) presents the difference in the predicted number of limitations at age 70 by racial/
ethnic/nativity groups between two variants of Model 2: a) without and b) with the work effort
variables. These values can be interpreted as the predicted change in the number of functional
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Fig 3. Selected incidence rate ratios (IRRs) and 95% confidence intervals from models predicting number of limitations. Model 1a: age (centered
on 60 years), age squared, race/ethnicity/nativity (REN), an interaction between age and REN, marital status, wave, adult health variables and work
effort variables. Model 1b: Model 1a plus family financial status from birth to age 16, father’s employment status prior to age 16, mother’s education,
father’s education, whether the respondent lived in a rural area most of the time, health status prior to age, height, respondent’s years of education, and
measures of adult SES (quartile of household income and quartile of household wealth).

https://doi.org/10.1371/journal.pone.0247804.9003

limitations that a REN group would exhibit if their work effort levels were the same as the
entire analytic sample rather than those observed in the particular REN group. For example,
Latinos have negative values, holding constant other variables in the model, which means that
setting this group’s work effort level to the average for the entire sample results in a smaller
predicted number of functional limitations. The reason is that jobs held by Latinos, on average,
require higher levels of work effort than those of the sample as a whole. The differences shown
in Fig 4 are in the expected direction—a decrease for Latinos and an increase for whites—
hence, a reduction in the REN differential —but the magnitudes are modest. For example,
including work effort reduces the predicted number of FL by 0.22 for foreign-born Latina
women and increases the predicted number of FL by only 0.03 for US-born white women.
Moreover, repeating this exercise in models including all predictor variables reduces these dif-
ferences to virtually zero (estimated coefficients from Model 2c and Model 1b are presented in
S5 Appendix). In short, although work effort has a substantial association with FL at older
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Fig 4. Change in predicted number of limitations at age 70 with inclusion of work effort. The change displayed is the difference in
predicted number of limitations at age 70 between Model 2a and Model 2b. Model 2a includes age (centered on 60 years), age squared, race/
ethnicity/nativity (REN), an interaction between age and REN, marital status, and wave. Model 2b additionally includes work effort variables.
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ages, it accounts for almost none of the REN differential once other proximate factors are
taken into account.

Discussion

In this paper, we investigate differences in the prevalence of functional limitations among Lati-
nos compared with whites and blacks, by nativity. We hypothesize that REN differences in
physical work conditions contribute to observed REN disparities in physical functional limita-
tions at older ages.

There are several major findings. First, the trajectories of functional limitations at older
ages differ substantially by race/ethnicity, nativity, and gender. Latinos—and also blacks—
have considerably more FL than whites (Fig 1). Within each racial/ethnic group, functional
limitations are less common among the foreign-born than the US-born. However, the number
of limitations among foreign-born Latinos still greatly exceeds that among whites. Differences
between US-born Latinos and blacks are very small for both men and women. In contrast to
Haas and Rohlfsen’s [6] results using earlier waves of HRS and a different parameterization of
functional limitations, we find no convergence with age in the number of functional limita-
tions between Latinos and whites. Latinos continue to have a disproportionate share of limita-
tions across older ages.

Second, we find that Latinos, especially immigrants, report more strenuous work condi-
tions than whites, but not blacks (Fig 2 and S4 Appendix). Blacks have more strenuous work
conditions than Latinos or whites.

Third, more strenuous work conditions are associated with substantially higher levels of FL
during subsequent ages. These results reinforce the importance of investigating the role of
work conditions in the association between occupational segregation and health outcomes by
social class.

Finally, contrary to expectation, REN differences in later-life work conditions account for a
very small portion of Latino-white differences in subsequent FL trajectories. It may be that
REN differences are simply not associated with differences in work conditions. However, we
believe that this conclusion is premature. An alternative explanation is that data limitations
result in an underestimate of the effect of work conditions on FL. The HRS is the best US data-
set for this analysis because of its large, nationally-representative longitudinal sample, Latino
oversamples, broad range of well-tested measures of physical functioning, and data on respon-
dents’ physical work conditions. However, it has two potentially important limitations. First,
as described above, information on respondents’ work conditions is available only during the
time period covered by the HRS interviews (ages 50 +). Differentials in work conditions by
REN are likely to be larger at younger ages when strength and stamina are greater and workers
know less about the labor market—but in current HRS data, we cannot observe this earlier
period.

A second limitation is that both work conditions and the FL measure are reported by the
respondents themselves, raising the potential for differential reporting bias by REN. This bias
would be particularly problematic if Latinos report both poorer working conditions and more
frequent functional limitations than whites, even if their actual conditions are identical. How-
ever, two other studies using HRS data confirm that Latinos have higher FL than whites. First,
using anchoring vignettes to correct potential reporting biases, Dowd and Todd [78] find that
Latino-white differentials in reported mobility increase after adjustment by vignette data—
indicating that, if anything, Latinos are more likely to underreport FL relative to whites. Sec-
ond, Haas, Krueger, and Rohlfsen [3] find that in-person tests of grip strength and timed
walks in HRS are generally significantly poorer for Latinos than whites, even when
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compositional differences between the two groups are held constant. In the case of work con-
ditions, estimates from other data that are not self-reported indicate that Latinos, particularly
immigrants, hold more physically demanding and hazardous jobs than whites [18, 30]. More-
over, if REN differences in reporting work conditions in HRS were driven primarily by differ-
ences in inherent rating scales (i.e., Latinos reporting more effort than whites for similar job
conditions), interactions between ethnicity and work effort in our models of functional limita-
tions should be statistically significant, but they are not.

Another important hypothesis about why work conditions in late middle age do not appear
to account for Latino-white differentials in FL is differential selection by REN out of employ-
ment prior to the first interview. Specifically, as results in the S1 Appendix show, for respon-
dents in their 50s and early 60s, Latinos are less likely than whites to be employed, in part,
because they are more likely to have FL at younger ages. Thus, in our analytic sample, the REN
differences in FL at the time of first interview are considerably smaller than in the full HRS
sample (i.e., a sample that includes both employed and unemployed persons). These earlier
work conditions appear to be especially important since they may help to account for why
Latinos have higher FL rates and lower labor force participation at the time they are first
interviewed.

A related issue is that the association between work conditions and FL may be bidirectional,
because FL can limit the types of jobs workers choose or for which they are eligible. Workers
who are healthier and stronger may seek out more strenuous jobs if employers offer a wage
premium for good physical condition or higher production [79, 80]. This may be particularly
true for lower income, more poorly educated workers who have more limited employment
opportunities—and thus, this phenomenon may occur more frequently among Latinos than
whites. In this analysis, we sought to minimize the potential effect of FL on work conditions by
examining the effects of work conditions when respondents were in their fifties and early six-
ties on subsequent FL. Nonetheless, wear and tear, injuries, and disease are often apparent
before functional limitations fully develop. Therefore, the types of jobs respondents hold at
this stage (and whether they are working at all) may be affected by the same conditions that
lead to the development of FL later in life. To the extent that health, strength, and good physi-
cal condition lead workers to take jobs with more strenuous work conditions, the association
between strenuous work conditions and higher FL would be weaker than otherwise.

Despite limitations of the data and the small role of work conditions in accounting for REN
differentials in functional limitations in this analysis, our results highlight the importance of
considering racial, ethnic, nativity, gender, and social class differentials in physical work con-
ditions in studies of the social determinants of health. During the past 50 years, automation
and occupational safety regulations have dramatically reduced heavy physical labor and the
risk of occupational injury and death for the US workforce. These changes and others have led
researchers to focus primarily on the psychosocial aspects of work. Differentials in psychoso-
cial work conditions by REN are likely to contribute to poorer health for disadvantaged groups
at older ages. However, our results and those of other studies show that disadvantaged workers
are still much more likely than others to do strenuous physical work on the job. Furthermore,
we find that heavier physical work can lead to poorer physical functioning in subsequent
years.

If these associations are replicated with data containing more complete work histories, the
public health and social implications of these findings are important. The results suggest that
investments in improving work conditions at physically strenuous jobs (which are often also
low wage and low status jobs) could yield substantial benefits in lowering disability-associated
costs—both financial and social—at older ages. Aside from their effects on individuals and
families, functional limitations and associated disability increase public expenditures on social
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programs (e.g., including Medicare, Medicaid, and Supplemental Security Income or SSI),
which account for a sizeable portion of governmental budgets, at the national and state levels.
They also reduce the productivity of the labor force. Investments in occupational health and
policy interventions focused on risk mitigation and improvement of work conditions in physi-
cally strenuous work environments may thus be important for reducing the prevalence of
functional limitations at older ages and may also yield important benefits for the economy as
well. Future research may show that these investments would also reduce race, ethnic, and
nativity disparities in disability-related health conditions.

Supporting information

S1 Appendix. Selection into the employment at the time of first observation.
(DOCX)

S$2 Appendix. Description of multiple imputation.
(DOCX)

S3 Appendix. Predicted probability of individual functional limitations at age 70 adjusting
for demographic characteristics.
(DOCX)

S4 Appendix. Selection of employed individuals into jobs with high levels of work effort.
(DOCX)

S5 Appendix. Coefficients from random intercept poisson models predicting number of
limitations.
(DOCX)

Author Contributions

Conceptualization: Anne R. Pebley, Noreen Goldman.

Data curation: Theresa Andrasfay, Boriana Pratt.

Formal analysis: Anne R. Pebley, Noreen Goldman, Theresa Andrasfay.
Funding acquisition: Anne R. Pebley, Noreen Goldman.
Investigation: Anne R. Pebley, Noreen Goldman, Theresa Andrasfay.
Methodology: Anne R. Pebley, Noreen Goldman, Theresa Andrasfay.
Software: Theresa Andrasfay, Boriana Pratt.

Supervision: Anne R. Pebley, Noreen Goldman.

Visualization: Theresa Andrasfay, Boriana Pratt.

Writing - original draft: Anne R. Pebley, Noreen Goldman.

Writing - review & editing: Anne R. Pebley, Noreen Goldman, Theresa Andrasfay, Boriana
Pratt.

References

1. Goldman N. Will the Latino mortality advantage endure? Res Aging. 2016; 38(3):263-82. https://doi.
org/10.1177/0164027515620242 PMID: 26966251

PLOS ONE | https://doi.org/10.1371/journal.pone.0247804 March 17, 2021 18/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247804.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247804.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247804.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247804.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0247804.s005
https://doi.org/10.1177/0164027515620242
https://doi.org/10.1177/0164027515620242
http://www.ncbi.nlm.nih.gov/pubmed/26966251
https://doi.org/10.1371/journal.pone.0247804

PLOS ONE Work conditions and trajectories of physical functioning among older US adults by race, ethnicity and nativity

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Hayward MD, Hummer RA, Chiu C-T, Gonzalez-Gonzalez C, Wong R. Does the Hispanic paradox in
US adult mortality extend to disability? Popul Res Policy Rev. 2014; 33(1):81-96. https://doi.org/10.
1007/s11113-013-9312-7 PMID: 25821283

Haas S, Krueger PM, Rohlfsen L. Race/Ethnic and nativity disparities in later life physical performance:
The role of health and socioeconomic status over the life course. J Gerontol B Psychol Sci Soc Sci.
2012; 67(2):238-48. https://doi.org/10.1093/geronb/gbr155 PMID: 22391749

Latham K. Progressive and accelerated disability onset by race/ethnicity and education among late mid-
life and older adults. J Aging Health. 2012; 24(8);1320—-45. https://doi.org/10.1177/0898264312459345
PMID: 22982972

Solé-Auré A, Michaud P-C, Hurd M, Crimmins E. Disease incidence and mortality among older Ameri-
cans and Europeans. Demography. 2015; 52(2):593-611. https://doi.org/10.1007/s13524-015-0372-7
PMID: 25715676

Haas S, Rohlfsen L. Life course determinants of racial and ethnic disparities in functional health trajecto-
ries. Soc Sci Med. 2010; 70(2):240-50. https://doi.org/10.1016/j.socscimed.2009.10.003 PMID:
19857917

Marmot M, Bell R. Fair society, healthy lives. J Public Health. 2012; 126:S4-S10. https://doi.org/10.
1016/j.puhe.2012.05.014 PMID: 22784581

Minkler M, Fuller-Thomson E, Guralnik JM. Gradient of disability across the socioeconomic spectrum in
the United States. N Engl J Med. 2006; 355(7):695—-703. https://doi.org/10.1056/NEJMsa044316 PMID:
16914705

Brand JE, Warren JR, Carayon P, Hoonakker P. Do job characteristics mediate the relationship
between SES and health? Evidence from sibling models. Soc Sci Res. 2007; 36(1):222-53.

Burgard SA, Lin KY. Bad jobs, bad health? How work and working conditions contribute to health dispar-
ities. Am Behav Sci. 2013; 57(8):1105-27. https://doi.org/10.1177/0002764213487347 PMID:
24187340

Clougherty JE, Souza K, Cullen MR. Work and its role in shaping the social gradient in health. Ann N 'Y
Acad of Sci, 2010; 1186(1):102—24. https://doi.org/10.1111/j.1749-6632.2009.05338.x PMID:
20201870

Del Rio C. Alonso-Villar O. The evolution of occupational segregation in the United States, 1940-2010:
Gains and losses of gender—race/ethnicity groups. Demography. 2015; 52(3):967-88. https://doi.org/
10.1007/s13524-015-0390-5 PMID: 25951798

Durand J, Massey DS, Pren KA. Double disadvantage: Unauthorized Mexicans in the US labor market.
Ann Am Acad Pol Soc Sci. 2016; 666(1):78-90.

Landsbergis PA, Choi B, Dobson M, Sembajwe G, Slatin C, Delp L, et al. The key role of work in popula-
tion health inequities. Am J Public Health. 2018; 108(3):296-7. https://doi.org/10.2105/AJPH.2017.
304288 PMID: 29412716

Orrenius PM, Zavodny M. Do immigrants work in riskier jobs? Demography. 2009; 46(3):535-51.
https://doi.org/10.1353/dem.0.0064 PMID: 19771943

Richardson DB, Loomis D, Bena J, Bailer AJ. Fatal Occupational Injury Rates in Southern and Non-
Southern States, by Race and Hispanic Ethnicity. Am J Public Health. 2004; 94(10): 1756—1761.
https://doi.org/10.2105/ajph.94.10.1756 PMID: 15451746

US Bureau of Labor Statistics. Employed Persons by Detailed Occupation, Sex, Race and Hispanic or
Latino Ethnicity (Table 1.1) [cited 2020 Oct 3]. [Internet]. https://www.bls.gov/cps/cpsaati1.htm.

Hall M. and Greenman E. The occupational cost of being illegal in the United States: Legal status, job
hazards, and compensating differentials. Int Mig Rev. 2015; 49(2):406—42.

Levy B, Wegman D, Baron S, Sokas R. Occupational and environmental health. Oxford University
Press; 2017.

Nagi SZ. An epidemiology of disability among adults in the United States. Milbank Mem Fund Q Health
Soc. 1976; 54(4):439-67. PMID: 137366

Verbrugge LM, Jette AM. The disablement process. Soc Sci Med. 1994; 38(1):1—14. https://doi.org/10.
1016/0277-9536(94)90294-1 PMID: 8146699

Ahonen EQ, Fuijishiro K, Cunningham T, Flynn M. Work as an inclusive part of population health inequi-
ties research and prevention. Am J of Public Health. 2018; 108(3):306—11. https://doi.org/10.2105/
AJPH.2017.304214 PMID: 29345994

Melvin J, Hummer R, Elo IT, Mehta N. Age patterns of racial/ethnic/nativity differences in disability and
physical functioning in the United States. Demog Res. 2014; 31:497-510. https://doi.org/10.4054/
DemRes.2014.31.17 PMID: 26893587

PLOS ONE | https://doi.org/10.1371/journal.pone.0247804 March 17, 2021 19/22


https://doi.org/10.1007/s11113-013-9312-7
https://doi.org/10.1007/s11113-013-9312-7
http://www.ncbi.nlm.nih.gov/pubmed/25821283
https://doi.org/10.1093/geronb/gbr155
http://www.ncbi.nlm.nih.gov/pubmed/22391749
https://doi.org/10.1177/0898264312459345
http://www.ncbi.nlm.nih.gov/pubmed/22982972
https://doi.org/10.1007/s13524-015-0372-7
http://www.ncbi.nlm.nih.gov/pubmed/25715676
https://doi.org/10.1016/j.socscimed.2009.10.003
http://www.ncbi.nlm.nih.gov/pubmed/19857917
https://doi.org/10.1016/j.puhe.2012.05.014
https://doi.org/10.1016/j.puhe.2012.05.014
http://www.ncbi.nlm.nih.gov/pubmed/22784581
https://doi.org/10.1056/NEJMsa044316
http://www.ncbi.nlm.nih.gov/pubmed/16914705
https://doi.org/10.1177/0002764213487347
http://www.ncbi.nlm.nih.gov/pubmed/24187340
https://doi.org/10.1111/j.1749-6632.2009.05338.x
http://www.ncbi.nlm.nih.gov/pubmed/20201870
https://doi.org/10.1007/s13524-015-0390-5
https://doi.org/10.1007/s13524-015-0390-5
http://www.ncbi.nlm.nih.gov/pubmed/25951798
https://doi.org/10.2105/AJPH.2017.304288
https://doi.org/10.2105/AJPH.2017.304288
http://www.ncbi.nlm.nih.gov/pubmed/29412716
https://doi.org/10.1353/dem.0.0064
http://www.ncbi.nlm.nih.gov/pubmed/19771943
https://doi.org/10.2105/ajph.94.10.1756
http://www.ncbi.nlm.nih.gov/pubmed/15451746
https://www.bls.gov/cps/cpsaat11.htm
http://www.ncbi.nlm.nih.gov/pubmed/137366
https://doi.org/10.1016/0277-9536%2894%2990294-1
https://doi.org/10.1016/0277-9536%2894%2990294-1
http://www.ncbi.nlm.nih.gov/pubmed/8146699
https://doi.org/10.2105/AJPH.2017.304214
https://doi.org/10.2105/AJPH.2017.304214
http://www.ncbi.nlm.nih.gov/pubmed/29345994
https://doi.org/10.4054/DemRes.2014.31.17
https://doi.org/10.4054/DemRes.2014.31.17
http://www.ncbi.nlm.nih.gov/pubmed/26893587
https://doi.org/10.1371/journal.pone.0247804

PLOS ONE Work conditions and trajectories of physical functioning among older US adults by race, ethnicity and nativity

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Mendes de Leon CF, Barnes LL, Bienias JL, Skarupski KA, Evans DA. Racial Disparities in disability:
recent evidence from self-reported and performance-based disability measures in a population-based
study of older adults. J Gerontol B Psychol Sci Soc Sci. 2005; 60(5):S263—-S71. https://doi.org/10.1093/
geronb/60.5.s263 PMID: 16131627

Ostchega Y, Harris TB, Hirsch R, Parsons VL, Kington R. The prevalence of functional limitations and
disability in older persons in the US: data from the National Health and Nutrition Examination Survey Ill.
J Am Geriatr Soc. 2000; 48(9):1132-5. https://doi.org/10.1111/j.1532-5415.2000.tb04791.x PMID:
10983915

Andrasfay T, Goldman N. 2020. Physical functioning and survival: Is the link weaker among Latino and
black older adults? Soc Sci Med. 2020:112983. https://doi.org/10.1016/j.socscimed.2020.112983
PMID: 32353650

Gradin C. Conditional occupational segregation of minorities in the US. J Econ Inequal. 2013;1-21.

U.S. Bureau of the Census. Current Population Survey Table Creator; EEO 3r: EEO occupational
groups by sex and race/ethnicity for residence geography, Total Population. EEO tabulation 2006-2019
(5-year) ACS data). [Internet]. hitps://www.census.gov/data/tables/time-series/demo/eeo/acs-2006-
2010.html

Gentsch K, Massey DS. Labor market outcomes for legal Mexican immigrants under the new regime of
immigration enforcement. Soc Sci Q. 2011; 92(3):875-93 https://doi.org/10.1111/j.1540-6237.2011.
00795.x PMID: 21857750

Steege AL, Baron SL, Marsh SM, Menéndez CC, Myers JR. Examining occupational health and safety
disparities using national data: A Cause for Continuing Concern. Am J Ind Med. 2014; 57(5):527-38.
https://doi.org/10.1002/ajim.22297 PMID: 24436156

Abrego LJ. Legal consciousness of undocumented Latinos: fear and stigma as barriers to claims-mak-
ing for first-and 1.5-generation immigrants. J Law Soc. 2011; 45(2), 337-70.

Amuedo-Dorantes C, Antman F. Can authorization reduce poverty among undocumented immigrants?
Evidence from the Deferred Action for Childhood Arrivals Program. Econ Lett. 2016; 147:1-4.

Flynn MA, Eggerth DE, Jacobson CJ. Undocumented status as a social determinant of occupational
safety and health: the workers’ perspective. Am J Ind Med. 2015; 58(11):1127-37. https://doi.org/10.
1002/ajim.22531 PMID: 26471878

Holtermann A, Hansen J, Burr H, Sggaard K, Sjggaard G. The health paradox of occupational and lei-
sure-time physical activity. Br J Sports Med. 2012; 46(4):291-5. https://doi.org/10.1136/bjsm.2010.
079582 PMID: 21459873

Manty M, Mgller A, Nilsson C, Lund R, Christensen U, Avlund K. Association of physical workload and
leisure time physical activity with incident mobility limitations: A follow-up study. J Occup Environ Med.
2014; 71(8):543-548. https://doi.org/10.1136/0emed-2013-101883 PMID: 24879373

Lahelma E, Laaksonen M, Lallukka T, Martikainen P, Pietilainen O, Saastamoinen P, et al. Working
conditions as risk factors for disability retirement: A longitudinal register linkage study. BMC Public
Health. 2012; 12(1):309. https://doi.org/10.1186/1471-2458-12-309 PMID: 22537302

Missikpode C., Michael YL, Wallace RB. Midlife occupational physical activity and risk of disability later
in life: national health and aging trends study. J Am Geriatr Soc. 2016; 64(5):1120-7. https://doi.org/10.
1111/jgs.14083 PMID: 27148791

Mgller A, Reventlow S, Hansen AM, Andersen LL, Siersma V, Lund R, et al. Does physical exposure
throughout working life influence chair-rise performance in midlife? A retrospective cohort study of asso-
ciations between work and physical function in Denmark. BMJ Open. 2015; 5(11):e009873. https://doi.
org/10.1136/bmjopen-2015-009873 PMID: 26537502

Plouvier S, Leclerc A, Chastang J-F, Bonenfant S, Goldberg M. Socioeconomic position and low-back
pain—the role of biomechanical strains and psychosocial work factors in the GAZEL cohort. Scand J
Work Environ Health. 2009; 35(6):429. https://doi.org/10.5271/sjweh.1353 PMID: 19806277

Polvinen A, Gould R, Lahelma E, and Martikainen P. Socioeconomic differences in disability retirement
in Finland: The contribution of ill-health, health behaviours and working conditions. Scand J Public
Health. 2013; 41(5):470-8. https://doi.org/10.1177/1403494813482400 PMID: 23531594

Umberson D, Crosnoe R, Reczek C. Social relationships and health behavior across life course. Annu
Rev Sociol. 2010; 36:139-57. https://doi.org/10.1146/annurev-soc-070308-120011 PMID: 21921974

Williams DR, Wyatt R. Racial bias in health care and health: challenges and opportunities. J Am Med
Assoc. 2015; 314(6):555-6. https://doi.org/10.1001/jama.2015.9260 PMID: 26262792

Hayward M D, Miles T P, Crimmins E M, Yang Y. The significance of socioeconomic status in explaining
the racial gap in chronic health conditions. Am Sociol Rev. 2000;910-30.

Brown AF, Liang LJ, Vassar SD, Escarce JJ, Merkin SS, Cheng E., et al. Trends in racial/ethnic and
nativity disparities in cardiovascular health among adults without prevalent cardiovascular disease in

PLOS ONE | https://doi.org/10.1371/journal.pone.0247804 March 17, 2021 20/22


https://doi.org/10.1093/geronb/60.5.s263
https://doi.org/10.1093/geronb/60.5.s263
http://www.ncbi.nlm.nih.gov/pubmed/16131627
https://doi.org/10.1111/j.1532-5415.2000.tb04791.x
http://www.ncbi.nlm.nih.gov/pubmed/10983915
https://doi.org/10.1016/j.socscimed.2020.112983
http://www.ncbi.nlm.nih.gov/pubmed/32353650
https://www.census.gov/data/tables/time-series/demo/eeo/acs-2006-2010.html
https://www.census.gov/data/tables/time-series/demo/eeo/acs-2006-2010.html
https://doi.org/10.1111/j.1540-6237.2011.00795.x
https://doi.org/10.1111/j.1540-6237.2011.00795.x
http://www.ncbi.nlm.nih.gov/pubmed/21857750
https://doi.org/10.1002/ajim.22297
http://www.ncbi.nlm.nih.gov/pubmed/24436156
https://doi.org/10.1002/ajim.22531
https://doi.org/10.1002/ajim.22531
http://www.ncbi.nlm.nih.gov/pubmed/26471878
https://doi.org/10.1136/bjsm.2010.079582
https://doi.org/10.1136/bjsm.2010.079582
http://www.ncbi.nlm.nih.gov/pubmed/21459873
https://doi.org/10.1136/oemed-2013-101883
http://www.ncbi.nlm.nih.gov/pubmed/24879373
https://doi.org/10.1186/1471-2458-12-309
http://www.ncbi.nlm.nih.gov/pubmed/22537302
https://doi.org/10.1111/jgs.14083
https://doi.org/10.1111/jgs.14083
http://www.ncbi.nlm.nih.gov/pubmed/27148791
https://doi.org/10.1136/bmjopen-2015-009873
https://doi.org/10.1136/bmjopen-2015-009873
http://www.ncbi.nlm.nih.gov/pubmed/26537502
https://doi.org/10.5271/sjweh.1353
http://www.ncbi.nlm.nih.gov/pubmed/19806277
https://doi.org/10.1177/1403494813482400
http://www.ncbi.nlm.nih.gov/pubmed/23531594
https://doi.org/10.1146/annurev-soc-070308-120011
http://www.ncbi.nlm.nih.gov/pubmed/21921974
https://doi.org/10.1001/jama.2015.9260
http://www.ncbi.nlm.nih.gov/pubmed/26262792
https://doi.org/10.1371/journal.pone.0247804

PLOS ONE Work conditions and trajectories of physical functioning among older US adults by race, ethnicity and nativity

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

the United States, 1988 to 2014. Ann Intern Med. 2018; 168(8): 541-549. https://doi.org/10.7326/M17-
0996 PMID: 29554692

Fryar CD, Fakhouri TH, Carroll MD, Frenk SM, & Ogden CL. The association of nativity/length of resi-
dence and cardiovascular disease risk factors in the United States. Prev Med. 2020; 130: 105893—
105907. https://doi.org/10.1016/j.ypmed.2019.105893 PMID: 31715217

Engelman M, Ye LZ. The Immigrant Health Differential in the Context of Racial and Ethnic Disparities:
The Case of Diabetes. Adv Med Sociol. 2019; 19:147—171. https://doi.org/10.1108/S1057-
629020190000019008 PMID: 31057317

Fleischer NL, Henderson AK, Wu YH, Liese AD, & McLain AC. Disparities in diabetes by education and
race/ethnicity in the US, 1973-2012. Am J Prev Med. 2016; 51(6): 947-957. https://doi.org/10.1016/j.
amepre.2016.06.019 PMID: 27554365

Currie J. Healthy, wealthy, and wise: socioeconomic status, poor health in childhood, and human capital
development. J Econ Lit. 2009; 47(1):87-122.

Palloni A. Reproducing inequalities: Luck, wallets, and the enduring effects of childhood health. Demog-
raphy. 2006; 43(4):587-615. https://doi.org/10.1353/dem.2006.0036 PMID: 17236536

Catanzarite L, Trimble L. Latinos in the United States labor market. In: Latinas/os in the United States:
Changing the face of America: Springer; 2008. p. 149-67.

Gee GC, Ford CL. Structural racism and health inequities: old issues, new directions. Du Bois Rev.
2011; 8(1):115-32. https://doi.org/10.1017/S1742058X11000130 PMID: 25632292

Viruell-Fuentes E.A, Miranda PY, Abdulrahim S. More than culture: structural racism, intersectionality
theory, and immigrant health. Soc Sci Med. 2012; 75(12):2099—-106. https://doi.org/10.1016/j.
socscimed.2011.12.037 PMID: 22386617

Maldonado MM. ‘It is their nature to do menial labour’: the racialization of ‘Latino/a workers’ by agricul-
tural employers. Ethn Racial Stud. 2009; 32(6): 1017—1036.

Breen R, Jonsson JO. Inequality of opportunity in comparative perspective: Recent research on educa-
tional attainment and social mobility. Annu Rev Sociol. 2005; 31:223—43.

Emisch J, Jantti M, Smeeding TM. From parents to children: The intergenerational transmission of
advantage. New York: Russell Sage Foundation; 2012.

Beller E, Hout M. Intergenerational social mobility: the United States in comparative perspective. Future
Child. 2006; 16(2):19-36. https://doi.org/10.1353/foc.2006.0012 PMID: 17036544

Hout M. Americans’ occupational status reflects the status of both of their parents. Proc Natl Adac Sci U
S A. 2018; 115(38):9527-32. https://doi.org/10.1073/pnas. 1802508115 PMID: 30181284

Bukodi E, Paskov M, Nolan B. Intergenerational class mobility in Europe: a new account. Soc For.
2020; 98(3):941-72.

Torche F. Analyses of intergenerational mobility. Ann Am Acad Pol Soc Sci. 2015; 657(1):37—-62.

Case A, Paxson C. Parental behavior and child health. Health Aff (Millwood). 2002; 21(2):164—78.
https://doi.org/10.1377/hlthaff.21.2.164 PMID: 11900156

Duncan GJ, Magnuson K. Socioeconomic status and cognitive functioning: moving from correlation to
causation. Wiley Interdiscip Rev Cogn Sci. 2012; 3(3):377-86. https://doi.org/10.1002/wcs.1176 PMID:
26301469

Mehta NK, Sudharsanan N, Elo IT. Race/Ethnicity and disability among older Americans. Handbook of
Minority Aging. 2013;(8):111-29.

Williams DR, Mohammed SA, Leavell J, Collins C. Zace, socioeconomic status, and health: complexi-
ties, ongoing challenges, and research opportunities. Ann N Y Acad Sci. 2010; 1186(1):69-101.

Link B. Phelan J. Social conditions as fundamental causes of disease. J Health Soc Behav. 1995;(Extra
Issue):80-94. PMID: 7560851

Goldman N, Korenman S, Weinstein R. Marital status and health among the elderly. Soc Sci Med.
1995; 40(12):1717-30. https://doi.org/10.1016/0277-9536(94)00281-w PMID: 7660185

US Bureau of the Census. American Community Survey Data 2018 Estimates from 5 Year Data,
(Table B12002 B, H, I). Sex by marital status for the population 15 years and over. [cited 2020 Oct 4]
[Internet]. https://data.census.gov/cedsci/all?t=Marital%20Status %20and%20Marital%20History %
3ARace%20and%20Ethnicity

USC Gateway to Global Aging Data. 2020. https://g2aging.org/. The (US) Health and Retirement Study
public use dataset, used in this paper, is produced and distributed by the University of Michigan with
funding from the National Institute on Aging (grant number NIA U01AG009740). Ann Arbor, MI, USA,
and is https://hrs.isr.umich.edu/about.

PLOS ONE | https://doi.org/10.1371/journal.pone.0247804 March 17, 2021 21/22


https://doi.org/10.7326/M17-0996
https://doi.org/10.7326/M17-0996
http://www.ncbi.nlm.nih.gov/pubmed/29554692
https://doi.org/10.1016/j.ypmed.2019.105893
http://www.ncbi.nlm.nih.gov/pubmed/31715217
https://doi.org/10.1108/S1057-629020190000019008
https://doi.org/10.1108/S1057-629020190000019008
http://www.ncbi.nlm.nih.gov/pubmed/31057317
https://doi.org/10.1016/j.amepre.2016.06.019
https://doi.org/10.1016/j.amepre.2016.06.019
http://www.ncbi.nlm.nih.gov/pubmed/27554365
https://doi.org/10.1353/dem.2006.0036
http://www.ncbi.nlm.nih.gov/pubmed/17236536
https://doi.org/10.1017/S1742058X11000130
http://www.ncbi.nlm.nih.gov/pubmed/25632292
https://doi.org/10.1016/j.socscimed.2011.12.037
https://doi.org/10.1016/j.socscimed.2011.12.037
http://www.ncbi.nlm.nih.gov/pubmed/22386617
https://doi.org/10.1353/foc.2006.0012
http://www.ncbi.nlm.nih.gov/pubmed/17036544
https://doi.org/10.1073/pnas.1802508115
http://www.ncbi.nlm.nih.gov/pubmed/30181284
https://doi.org/10.1377/hlthaff.21.2.164
http://www.ncbi.nlm.nih.gov/pubmed/11900156
https://doi.org/10.1002/wcs.1176
http://www.ncbi.nlm.nih.gov/pubmed/26301469
http://www.ncbi.nlm.nih.gov/pubmed/7560851
https://doi.org/10.1016/0277-9536%2894%2900281-w
http://www.ncbi.nlm.nih.gov/pubmed/7660185
https://data.census.gov/cedsci/all?t=Marital%20Status%20and%20Marital%20History%3ARace%20and%20Ethnicity
https://data.census.gov/cedsci/all?t=Marital%20Status%20and%20Marital%20History%3ARace%20and%20Ethnicity
https://g2aging.org/
https://hrs.isr.umich.edu/about
https://doi.org/10.1371/journal.pone.0247804

PLOS ONE Work conditions and trajectories of physical functioning among older US adults by race, ethnicity and nativity

68.

69.

70.

71.

72.

73.

74.

75.
76.

77.

78.

79.

80.

Sonnega A, Faul JD, Ofstedal MB, Langa KM, Phillips JW, Weir DR. Cohort profile: the health and
retirement study (HRS). Int J Epidemiol. 2014; 43(2):576-585. https://doi.org/10.1093/ije/dyu067
PMID: 24671021

Freedman VA, Spillman BC, Andreski PM, Cornman JC, Crimmins EM, Kramarow E, et al. Trends in
late-life activity limitations in the United States: an update from five 1national surveys. Demography.
2013; 50(2):661-71. https://doi.org/10.1007/s13524-012-0167-z PMID: 23104207

Jarvis BF, Song X. Rising intragenerational occupational mobility in the United States, 1969 to 2011.
Am Sociol Rev. 2017; 82(3):568-99. https://doi.org/10.1177/0003122417706391 PMID: 28966346

Crimmins EM, Finch CE. Infection, inflammation, height, and longevity. Proc Natl Adac Sci U S A. 2006;
103(2):498-503.

Beltran-Sanchez H, Pebley AR, Goldman N. Links between primary occupation and functional limita-
tions among older adults in Mexico. SSM Popul Health. 2017; 3:382-92. https://doi.org/10.1016/].
ssmph.2017.04.001 PMID: 29085879

Rabe-Hesketh S, Skrondal A. Multilevel and longitudinal medeling using Stata. STATA Press; 2008.
Solon G, Haider SJ, Wooldridge JM. What are we weighting for? J. Human Resour. 2015; 50:301-16.
Winship C, Radbill L. Sampling weights and regression analysis. Sociol Meth Res. 1994; 23:230-57.

Elo IT, Mehta NK, Huang C. Disability among native-born and foreign-born blacks in the United States.
Demography. 2011; 48(1):241-65. https://doi.org/10.1007/s13524-010-0008-x PMID: 21369873

Singh GK Siahpush M. Ethnic-immigrant differentials in health behaviors, morbidity, and cause-specific
mortality in the United States: An analysis of two national data bases. Hum Biol. 2002; 74(1):83—109.
https://doi.org/10.1353/hub.2002.0011 PMID: 11931581

Dowd JB, Todd M. Does self-reported health bias the measurement of health inequalities in US adults?
Evidence using anchoring vignettes from the Health and Retirement Study. J Gerontol B Psychol Sci
Soc Sci. 2011; 66(4):478-89. https://doi.org/10.1093/geronb/gbr050 PMID: 21666144

Bender KA, Mridha HA, Peoples J. Risk compensation for hospital workers: evidence from relative
wages of janitors. ILR Rev. 2006; 59(2):226—42.

Leeth JD, Ruser J. Compensating wage differentials for fatal and nonfatal injury risk by gender and
race. J Risk Uncert. 2003; 27(3):257-77.

PLOS ONE | https://doi.org/10.1371/journal.pone.0247804 March 17, 2021 22/22


https://doi.org/10.1093/ije/dyu067
http://www.ncbi.nlm.nih.gov/pubmed/24671021
https://doi.org/10.1007/s13524-012-0167-z
http://www.ncbi.nlm.nih.gov/pubmed/23104207
https://doi.org/10.1177/0003122417706391
http://www.ncbi.nlm.nih.gov/pubmed/28966346
https://doi.org/10.1016/j.ssmph.2017.04.001
https://doi.org/10.1016/j.ssmph.2017.04.001
http://www.ncbi.nlm.nih.gov/pubmed/29085879
https://doi.org/10.1007/s13524-010-0008-x
http://www.ncbi.nlm.nih.gov/pubmed/21369873
https://doi.org/10.1353/hub.2002.0011
http://www.ncbi.nlm.nih.gov/pubmed/11931581
https://doi.org/10.1093/geronb/gbr050
http://www.ncbi.nlm.nih.gov/pubmed/21666144
https://doi.org/10.1371/journal.pone.0247804

