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Abstract

Measures of physical functioning are among the strongest predictors of mortality, but no previous 

study has assessed whether the predictive value of such measures varies by race/ethnicity, as has 

been done for the simple self-rated health question. The current study tests whether the 

relationship between two measures of physical functioning (the number of self-reported functional 

limitations and measured walking speed) and mortality is weaker (has a lower hazard ratio) for 

Latinos and blacks than for whites. Data were drawn from the 1998–2014 waves of the Health and 

Retirement Study, with mortality follow-up through 2016. We used Cox hazard models with 

household random effects to test for interactions between race/ethnicity and these measures of 

physical functioning and verified earlier findings for self-rated health. The number of self-reported 

functional limitations is significantly related to mortality for all racial/ethnic groups, but has a 

substantially lower hazard ratio for blacks and Latinos than for whites, as hypothesized. This 

hazard ratio remains lower for blacks and Latinos after adjustment for sociodemographic 

characteristics and health conditions. These findings suggest that the higher rates of functional 

limitations observed among Latinos and blacks compared with whites may reflect a history of 

strenuous physical work, inadequately controlled pain, lower leisure-time physical activity, or 

untreated/under-treated mobility problems that can lead to reduced physical performance without 

necessarily having a substantial effect on mortality risk. On the other hand, we do not detect 

significant racial/ethnic differences in the association between measured walking speed and 

subsequent mortality. This may be a result of the smaller sample size for the walking speed tests, 

the more nuanced nature of the continuous walking speed measure, or the fact that the walking 

speed test captures only a subset of the limitations included in the self-reports.
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1. Introduction

Physical limitations, such as difficulties walking, carrying, or lifting, are strongly predictive 

of survival throughout the life course. Because physical limitations are believed to emerge 

largely from serious or chronic illnesses, such as heart disease and stroke (Verbrugge & 

Jette, 1994), the large mortality risk associated with them is not surprising. What is 

surprising, however, is that the association is likely to vary by race/ethnicity. Most research 

indicates that Latinos, both immigrants and US-born, have higher rates of disability and 

functional limitations than non-Latino whites (Boen and Hummer 2019; Angel et al. 2014; 

Haas and Rohlfsen 2010; Hayward et al. 2014). This Latino disadvantage occurs even 

though this group has a distinct survival advantage over whites: Latinos have life 

expectancies at least as high as, and often higher than, whites, despite their lower average 

socioeconomic status and poorer access to health care, a pattern referred to as the Latino or 

Hispanic mortality paradox (Abraido-Lanza et al. 1999; Markides and Eschbach 2005). 

Together, these two findings for Latinos—more functional limitations yet lower mortality 

than whites—strongly suggest that physical functioning may be more weakly associated 

with mortality for Latinos than for whites.

Despite growing interest in developing better algorithms to predict survival, recent emphasis 

has been on inclusion of large amounts of clinical information rather than on self-reported 

health-related variables, even though recent findings indicate that self-reported measures are 

often more powerful predictors of survival than biological markers (Goldman et al. 2016). 

Moreover, prognostic research typically fails to recognize that the strength of a prediction 

may vary considerably within a population according to an individual’s social and 

demographic characteristics, such as race/ethnicity.

One exception to the paucity of research in this area has been a set of analyses that examine 

how the association between the simple self-rated health (SRH) question – i.e., respondents 

rate their overall health typically using one of five adjectives – varies across racial/ethnic 

groups. Most of these studies conclude that SRH is more weakly associated with survival for 

both blacks and Latinos than for whites (Assari et al. 2016; Lee et al. 2007; Woo and 

Zajacova 2016). Because SRH is a subjective global assessment that is influenced by 

cultural and social factors and depends on the underlying reference group (Idler et al. 1999; 

Jylhä 2009), this racial differential may not apply to reported measures of specific physical 

limitations, which are believed to be more objective.

A second exception is a recent study that explored racial/ethnic variability in a broad set of 

health-related predictors (Goldman et al. 2017). These researchers concluded that measures 

of self-reported functional limitations and disability were among the top 10 predictors for 

each racial/ethnic group and that the predictive power of these measures appeared to be 

stronger for whites than for Latinos and blacks, although the methods used did not permit a 

clear test of this relationship.
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These prior studies suggest that functional limitations may also have a weaker association 

with survival for blacks than for whites. In contrast to patterns for Latinos, however, this 

would not create the apparent paradox between rates of functional limitations and survival 

relative to whites. Blacks have rates of disability and functional limitations that are 

considerably higher than those for whites (Boen and Hummer 2019; Haas and Rohlfsen 

2010; Melvin et al. 2014), consistent with their lower life expectancy.

To the best of our knowledge, to date no study has tested whether physical functioning is 

less strongly associated with mortality among racial/ethnic minorities. Our objective is to fill 

this gap in the literature by investigating whether the relationship between physical 

functioning and survival varies by race/ethnicity. Using the hazard ratio as our metric, we 

examine the magnitude of the association between survival and two types of measures of 

physical functioning – self-reports and performance tests – for three groups: Latinos, whites 

and blacks. In the remainder of the paper, we use the term Latino synonymously with 

Hispanic and the terms whites and blacks for non-Hispanic whites and non-Hispanic blacks. 

These two types of measures, sometimes thought of as subjective vs. objective assessments 

of physical functioning, are both predictive of downstream health and survival and are 

clearly correlated, yet they appear to capture distinct constructs (Andrasfay 2020; Goldman 

et al. 2014), and provide a unique opportunity to assess the consistency of findings across 

measures. For comparison with earlier studies, we also estimate racial/ethnic variation in the 

association between the simple SRH question and survival. An additional aim of this study is 

to assess the extent to which sociodemographic characteristics, health-related behaviors, or 

comorbid conditions explain the racial/ethnic variation that we detect.

The remainder of the paper is organized as follows. Section 2 reviews the disablement 

process and racial/ethnic differences in this process; Section 3 describes the data and 

analytic strategy; Section 4 presents our results; and Section 5 concludes with a discussion.

2. Background

2.1 The disablement process

Our theoretical framework builds upon a model known as the disablement process – a 

stylized aging progression through which individuals acquire underlying pathology, which, 

in turn, results in impairments, physical limitations, disability, and ultimately, death 

(Verbrugge and Jette 1994). Far from being a uniform, linear development through these 

stages, the disablement process can manifest in different ways: individuals need not progress 

through each stage of the process or they may experience improvements in health and move 

in reverse (Crimmins et al. 2004; Latham et al. 2015; Verbrugge and Jette 1994). 

Additionally, the speed at which individuals progress through these stages can vary 

depending on their risk factors, underlying pathology type and severity, and mediating 

factors including medical care, the environment, and lifestyle (Crimmins 2004; Kail et al. 

2018; Verbrugge and Jette 1994). Many of the underlying pathologies responsible for 

physical decline, including hypertension, diabetes, cardiovascular disease, inflammation, and 

smoking-related illnesses, are also strongly associated with mortality, while others, including 

osteoarthritis and injuries, are not (Crimmins et al. 2004; Kail et al. 2018; Rosano et al. 

2011; Van Oyen et al. 2014; Verbrugge and Jette 1994; Verghese et al. 2011).
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2.2 Racial/ethnic differences in the disablement process

Figure 1, adapted from Verbrugge and Jette (1994), summarizes the disablement process and 

underscores the many opportunities for racial/ethnic differences to intervene. To begin with, 

there is substantial variation in risk profiles, which may result in differential accumulation of 

pathologies and impairments. Several scholars have speculated that, compared with other 

racial/ethnic groups, the high prevalence of functional impairments and disability among 

Latinos may be driven more by the types of physically demanding and dangerous jobs that 

Latinos are likely to hold rather than by rates of chronic illnesses (Goldman, 2016; Hayward 

et al. 2014; Sheftel and Heiland 2018). Latinos, especially foreign-born Latinos, as well as 

blacks, are more likely than whites to hold lower-skilled, physically demanding occupations 

that are associated with workplace injuries and musculoskeletal disorders (Del Río and 

Alonso-Villar 2015; Seabury et al. 2017; Toussaint-Comeau 2006). These injuries and 

disorders can result in diminished functioning but are not inherently fatal.

There are also racial/ethnic differences in behavioral risk factors. Black and Latina older 

women have a higher prevalence of obesity than older white women (Fakhouri and Kit 2012; 

Flegal et al. 2012). Though less strongly related to mortality at older ages, both overweight 

and obesity are associated with functional limitations and disability at older ages (Alley and 

Chang 2007; Jenkins 2004; Snih et al. 2007). Compared to whites, Latinos are much less 

likely to have been smokers, a behavioral advantage that is responsible for much of the 

Latino mortality advantage (Fenelon 2013; Lariscy et al. 2015). In contrast, blacks are at 

least as likely to have smoked as whites and have lower cessation rates, a disadvantage that 

accounts for part of the black-white gap in older adult mortality (Ho and Elo 2013). 

Smoking is also related to physical functioning decline and disability onset through its 

effects on lung function decline and fatal chronic conditions (Rostron et al. 2014; Van Oyen 

et al. 2014).

After the onset of pathology and physical limitations, blacks and Latinos are less likely than 

whites to receive care to improve their quality of life or to prevent further functional decline. 

Such undertreatment often has a notable impact on physical function, for example, through 

higher levels of pain or restricted mobility, while having little effect on survival. Several 

studies have documented that blacks and Latinos are more likely to have their pain 

underestimated by physicians and are less likely to receive prescriptions to treat their pain 

(Cintron and Morrison, 2006; Mossey 2011). Blacks and Latinos are also more likely than 

whites to experience disability associated with arthritis, one of the most common chronic 

conditions among older adults and a major cause of functional limitations (Dunlop et al. 

2001) although not of mortality.

Given these varying risk profiles and use of buffering resources by race/ethnicity, we 

hypothesize that physical limitations may have a different etiology among Latinos and 

blacks, such that the link between these limitations and survival may be weaker for these 

groups than for whites.
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3. Data and Methods

3.1 Data

Data are drawn from the Health and Retirement Study (HRS), which began in 1992 as a 

longitudinal study of older American adults and their spouses who were interviewed every 

two years about their health, finances, work and retirement, and family. Subsequent waves 

added additional birth cohorts, and, beginning with the 1998 wave, the HRS became 

nationally representative of adults over age 50 (Sonnega et al. 2014). Additional in-home 

physical functioning tests were first administered in 2004 to a random subsample of HRS 

respondents; beginning with the 2006 wave, these tests were administered to alternating 

halves of the HRS sample (Crimmins et al. 2008). For our analyses, we use data from the 

1998 – 2014 waves and mortality follow-up through the 2016 wave. These data were 

compiled from the RAND HRS 2014 file (version 2) (RAND 2018), the HRS 2014 tracker 

file (Health and Retirement Study 2017), and the HRS 2016 tracker file (Health and 

Retirement Study 2019).

3.2 Sample Restrictions

Of the 33,493 individuals in the HRS between 1998–2014, we restricted our analysis to 

sampled respondents and their spouses at initial interview who reported a race/ethnicity of 

white, black, or Latino, and to person-waves in which the individual was at least 50 years of 

age. We include waves in which the interview was completed via a proxy.

Because we are interested in both self-reported functional limitations and performance-

based measures of walking speed, and the latter are not available in all waves, we define two 

analytic samples. The first, the full sample, contains all person-waves described above [N = 

160,647 observations (67,360 male, 93,287 female) of 30,494 respondents (13,233 male, 

17,261 female)]; on average, respondents participated in 5.3 waves. The second, the walking 

speed assessment subsample, is restricted to individuals who participated in the in-home 

walking speed tests, which were administered only to respondents aged 65 and older. This 

sample includes 39,835 observations (16,413 male, 23,422 female) of 11,857 respondents 

(4,993 male, 6,864 female). Respondents could participate in up to four waves of in-home 

physical performance tests. In the walking speed assessment subsample, respondents 

participated in an average of 1.9 walking speed tests.

3.3 Measures

3.3.1 Mortality—The outcome variable, mortality, is ascertained by the HRS either 

through linkage to the National Death Index (NDI) or ongoing mortality surveillance 

(Sonnega et al. 2014). Deaths occurring through the end of 2011 have been verified by the 

HRS against the NDI (Weir 2016). Where possible, we use the decedent’s NDI-verified date 

of death; otherwise, we use the month and year of death reported (a) during the respondent’s 

exit interview by the respondent’s next-of-kin, (b) during the spouse’s core interview, or (c) 

during follow-up attempts. Respondents without a reported date of death are censored at the 

month and year they were last known alive to the HRS, typically their (or their spouses’) last 

interview or the last time they were contacted by the HRS. Following HRS convention, we 

impute the day of death or censoring to be the last of the month.
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3.3.2 Physical Functioning and Self-Rated Health—In each wave, respondents 

were asked to report whether they experience difficulty with 11 physical activities, excluding 

temporary difficulties that the respondent expects to last less than three months. We consider 

the respondent to have a functional limitation if the respondent reports he/she has difficulty, 

cannot do, or does not do a particular task. We sum the number of limitations from 11 

physical activities: 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; extending arms above shoulders; 

pushing or pulling large objects; lifting or carrying at least 10 pounds; and picking up a 

dime. This results in a measure of functional limitations ranging from 0 to 11.

Our main interest is in functional limitations, but we include SRH for comparison with 

previous studies. Respondents were asked to rate their overall health at each wave as 

excellent, very good, good, fair, or poor. We dichotomize this measure as fair/poor SRH 

versus all other categories.

In addition to the count of self-reported functional limitations and SRH, we include a 

performance-based measure of normal walking speed. The HRS includes additional 

performance-based measures (grip strength, peak expiratory flow, and balance tests), but we 

include only walking speed as it is the measure most closely related to the mobility 

components of the respondents’ self-reported functional limitations. We distinguish between 

two types of missing values for this measure. We consider respondents to be completely 

missing the measurement if they were not in the sample randomly selected to participate in 

the enhanced face-to-face interview for a given wave; they were ineligible due to age; they 

refused; they did not understand the instructions; there was no suitable space to conduct the 

test; the equipment malfunctioned; or there was some “other” reason given. In contrast, we 

consider a respondent to be unable to perform a test if measurement is missing for the 

following reasons: the respondent or interviewer felt it would be unsafe; the respondent tried 

but could not complete the test; the respondent could not stand; or the respondent had a 

health condition that would contraindicate participating in the test, including recent surgery 

or injury. There are up to six reasons given for why the respondent did not perform the task; 

we take the first reason given to determine whether the respondent was unable or otherwise 

missing (i.e., ineligible, refused, etc.).

Normal walking speed (meters/second) was measured by the interviewer as the respondent 

walked 2.5 meters (98.5 inches) at a normal pace, with a walking aid if necessary. The 

respondent was asked to perform this walk twice; the faster of the two trials is used in our 

analysis. In our analytic models, we use an indicator for inability to perform the walking 

speed test, standardized walking speed, and a quadratic term for walking speed to allow for 

nonlinear associations between walking speed and mortality.

3.3.3 Covariates—In addition to the key variable of interest–race/ethnicity defined as 

white, black, or Latino—we include a set of demographic, socioeconomic, and health-

related variables that have been shown to be correlated with physical functioning and/or 

survival (Crimmins 2004; Verbrugge and Jette 1994). Many of these variables have different 

distributions by race/ethnicity (Cintron and Morrison 2006; Dunlop et al. 2001; Fakhouri et 
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al. 2012; Fenelon 2013; Flegal et al. 2012; Ho and Elo 2013; Mossey 2011) and thus may 

contribute to racial/ethnic variation in the association between physical functioning and 

survival.

Demographic characteristics include sex, an indicator for whether the respondent is married, 

and nativity (foreign-born vs. native-born). Socioeconomic status is captured by years of 

education (centered on 12 years), log household income, and log household wealth 

(individuals with negative or zero household income or household wealth are coded as 

having $1). The wave of the HRS is included as a measure of time.

Variables reflecting health conditions include self-reports of ever receiving a diagnosis from 

a doctor of the following conditions: stroke, high blood pressure, diabetes, and arthritis. We 

also include the following health-related behaviors: indicators for whether the respondent 

ever smoked, was ever obese (derived from their report of maximum weight and height at 

first interview), and is often troubled by pain. In the models of walking speed, we 

additionally include respondent’s height, as walking speed is influenced by height (Samson 

et al. 2001).

3.3.4 Missing Data and Time-Varying Covariates—Missing data on self-reported 

demographic and health characteristics were imputed using the Amelia package in R to 

produce 10 data sets (Honaker et al. 2011). The imputation procedure included all variables 

described above and their lags and leads, i.e., prior and subsequent values of a time-varying 

variable are used to predict the current value of a variable. The frequency of missing values 

at first observation is noted in Table 1.

All measures, with the exception of sex, race/ethnicity, nativity, and years of education, are 

treated as time-varying. Because the timed walks are not conducted at every wave, 

performance on this test is carried forward in future waves until it is updated in a subsequent 

enhanced face-to-face interview. In cases where a respondent participates or is unable to 

complete the test in one wave but refuses to participate or is missing in a future wave, the 

original value or indicator of inability is carried forward to the next wave. Self-reported 

variables are updated with every wave.

3.4 Methods

We focus the analysis on assessing variability in the magnitude of the association between 

physical functioning and mortality by race/ethnicity. We do so by comparing hazard ratios of 

mortality across groups from a series of survival models. We first estimate a base model 
including only sex, race/ethnicity, the measure of physical functioning/health, and the 

interaction between race/ethnicity and the measure of physical functioning/health. This base 

model allows us to establish whether physical functioning is less predictive of mortality (i.e., 

has a smaller hazard ratio) among black and Latino older adults compared with whites. 

Second, we estimate a full model including all covariates described above in order to 

determine whether racial/ethnic variation in the association between physical functioning 

and mortality can be explained by sociodemographic characteristics, health-related 

behaviors, or comorbid conditions. In these models, the interest is on the interaction terms 

between race/ethnicity and the measure of physical functioning or health (the number of 
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functional limitations, SRH, or walking speed). We separately fit each of these models 

including only one of the following predictors at a time (and its interaction terms): the count 

of functional limitations, fair/poor self-reported health, or walking speed.

We estimate these models using Cox proportional hazards, a nonparametric survival model. 

The time-clock for these models is age at interview; respondents are considered at risk of 

mortality until death or censoring. These survival models do not include survey weights 

because we include demographic variables related to sample selection as covariates, a 

method that produces unbiased and efficient estimates (Solon et al. 2015; Winship and 

Radbill 1994). Moreover, we address the clustered nature of the data that arises from the 

HRS interviewing respondents and their spouses by including household random effects in 

the hazard models. This allows us to account for shared frailty between spouses, a well-

documented phenomenon that may arise from shared behaviors and environment of married 

couples and a “widowhood effect” following bereavement (Moon et al. 2011). These models 

are summarized in equation 1.

log λij(a) = log λ0(a) + βXij + ℎj Equation 1

where λij(a) denotes the hazard of mortality for individual i in household j at age a, λ0(a) 

denotes the baseline hazard at age a (the age-specific risk of mortality for individuals with 

all Xij = 0 and hj = 0), Xij represents a vector of time-varying covariates, including some 

with interactions with age (see below), and hj is the household random effect, which is 

distributed normally with mean 0 and variance σℎ
2.

Preliminary models revealed that the proportional hazards assumption was violated for the 

following predictors: sex, race/ethnicity, marital status, number of limitations, fair/poor 

SRH, inability to complete walking speed test, ever smoking, arthritis, often troubled by 

pain, and diabetes. We address this issue by including interactions between these predictors 

and age, thereby allowing the effects of the specified covariates to vary by age (i.e., to be 

non-proportional across the age span in this analysis). Because these interactions render the 

regression results difficult to interpret, we present results from these models as hazard ratios 

at three selected ages (60, 70, and 80). All hazard ratios presented are pooled estimates from 

analyses that were run individually on each of 10 imputed data sets and combined to account 

for the uncertainty associated with these imputations (Rubin 2004).

4. Results

4.1 Descriptive Statistics

Table 1 displays the unweighted summary statistics of the analytic samples and the 

frequency of missing data for the first observation of each respondent. Summary statistics 

are displayed by race/ethnicity in Appendix Table A1. In both samples, compared to white 

respondents, Latino and black respondents are younger, have lower educational attainment, 

lower household income and wealth, and they are more likely to report being troubled by 

pain, ever having been diagnosed with diabetes, and having a maximum weight that would 

be classified as obese. Blacks are the most likely, while Latinos are the least likely, to have 

ever had a stroke. On average, in the full sample, blacks report the highest number of 
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functional limitations at first observation (3.2), followed by Latinos (2.9) and whites (2.6), 

while Latinos are most likely to report fair/poor SRH (47%), followed by blacks (41%) and 

whites (26%). In the walking speed subsample, both blacks and Latinos have slower average 

walking speeds (0.7 meters/second) than whites (0.9 meters/second). Blacks are more likely 

to be unable to perform the walking speed task (12.3%) compared to Latinos (7.8%) and 

whites (6.2%).

4.2 Associations between physical functioning and mortality

The results are displayed in two sets of figures. The first set is based on observed hazard 

rates for specified numbers of limitations, and, separately, by category of self-reported health 

status, for the three racial/ethnic groups. The second set presents estimated hazard ratios for 

specified ages for the three racial/ethnic groups derived from the two statistical models 

described above (the base model and the full model), separately for self-reported limitations, 

self-reported health, and walking speed.

Figure 2 displays the smoothed observed log hazard of mortality by age and self-reported 

number of limitations, stratified by race/ethnicity. The numbers of limitations displayed (0, 

2, and 5) refer approximately to the 25th, 50th and 75th percentiles. Among whites at any 

given age, larger numbers of limitations are associated with a notable increase in the 

mortality hazard. Among Latinos, however, the difference in hazard rates between 2 and 5 

limitations is often small, and, among blacks, there is virtually no difference in the hazard 

rates between 0 and 2 limitations. Figure 3 displays corresponding smoothed log hazards by 

self-rated health status. Here too there is evidence of a stronger relationship between SRH 

and mortality among whites than among blacks and Latinos, as shown by a wider gap among 

whites between excellent/very good/good and fair/poor health at most ages.

Figure 4 displays hazard ratios and 95% confidence intervals for the self-reported number of 

limitations by race/ethnicity at ages 60, 70, and 80 from the base and full models. These 

hazard ratios and confidence intervals are displayed in Appendix Table A2, and the hazard 

ratios for all variables in these models are shown in Appendix Table A3. For all racial/ethnic 

groups, the number of limitations becomes less predictive of mortality with increasing age. 

At each of these ages, the hazard ratio associated with an additional limitation is largest for 

whites, and significantly lower for Latinos and blacks. These hazard ratios are attenuated in 

the full model, but remain significantly lower in blacks and Latinos compared to whites at 

each of these ages. For example, in the full model, at age 70, an additional limitation is 

associated with a 28% increased risk of death for whites, compared to a 21% increased risk 

for Latinos and 18% increased risk for blacks.

Figure 5 displays hazard ratios and 95% confidence intervals associated with fair/poor SRH 

by race/ethnicity at ages 60, 70, and 80. Corresponding hazard ratios from Figure 5 and for 

all variables in these models can be found in Appendix Table A2 and Appendix Table A4, 

respectively. As with the number of limitations, the hazard ratio declines with increasing 

age, but at each of these ages, it is significantly larger for whites than for Latinos and blacks. 

The variation in hazard ratios remains in the full model such that at age 70, fair/poor SRH is 

associated with four times the risk of mortality for whites, compared to 2.4 times the risk for 

Latinos and blacks.
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Figure 6 displays hazard ratios and 95% confidence intervals associated with inability to 

complete the walking speed test and a one-SD below average walking speed, by race/

ethnicity at age 70. Corresponding hazard ratios from Figure 6 and for the full set of 

variables are in Appendix Table A2 and Appendix Table A5, respectively. There is no 

statistical evidence that the mortality risks associated with inability to complete the walking 

speed test or performance on the walking speed test vary by race/ethnicity. Compared to the 

results for number of functional limitations and fair/poor SRH, the confidence intervals 

associated with being unable to complete the walking speed test and standardized walking 

speed are much larger, reflecting the smaller sample that participated in these tests.

4.3 Sensitivity Analyses

In addition to our main analyses using mixed effects Cox models, we also stratified these 

analyses by sex. Though these sex-specific analyses had less power to detect significant 

differences by race/ethnicity, the findings were largely similar. We also modeled mortality 

with a Gompertz distribution instead of the non-parametric Cox model and found that our 

results were not sensitive to the choice of parameterization.

5. Discussion

In this paper we examine whether measures of physical functioning are more weakly 

associated with mortality for blacks and Latinos than they are for whites and find this to be 

the case for the count of self-reported functional limitations. In contrast, we do not detect 

significant racial/ethnic variation in the association between measured walking speed and 

mortality.

5.1 Possible Explanations

One plausible explanation for the weaker association between self-reported limitations and 

mortality for Latinos and blacks is reporting error. A prior study using HRS data and 

anchoring vignettes found higher thresholds for mobility problems among black and Latino 

respondents compared to whites (Dowd and Todd 2011). We explored this possibility in the 

subsample of HRS individuals who completed the in-home physical functioning tests. 

Among those reporting a given functional limitation, blacks and Latinos had worse 

measured walking speed and peak expiratory flow and a higher prevalence of being unable 

to complete these tests than whites, indicating a higher threshold for reporting a limitation 

compared to whites. The impact of varying thresholds by race/ethnicity on the strength of 

the association between functional limitations and survival is unclear since the thresholds 

may vary across particular limitations. Moreover, in cases where blacks and Latinos have a 

higher threshold than whites, those who report a given limitation are likely more severely 

impaired than whites reporting the same limitation, which would imply a stronger 

association with mortality, but those who do not report this limitation are also likely to be 

more impaired than the corresponding group of whites, which would imply a weaker 

association with mortality. Given these complexities, it is not clear how different thresholds 

would affect the association between functional limitations and mortality among blacks and 

Latinos. However, the fact that there is no evidence to suggest that Latinos and blacks over-
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report limitations implies that our findings reflect a higher burden of impairment in these 

groups that is less strongly associated with mortality than it is for whites.

Another hypothesis relates to racial/ethnic differences in the severity of illnesses and 

experience of pain. Although our models control for major chronic diseases and conditions 

as well as whether the respondent reports being frequently troubled by pain, we are unable 

to determine the severity of the health conditions, the degree to which pain is managed or the 

inherent subjectivity of reported pain. The fact that blacks and Latinos receive less treatment 

for pain than whites (Cintron and Morrison, 2006; Mossey, 2011) may contribute to their 

worse physical functioning and weaken the relationship between physical functioning 

measures and mortality for these groups.

A related argument for the attenuated relationship between functional limitations and 

survival among Latinos and blacks is that it reflects racial/ethnic differences in health 

maintenance and related treatments and behaviors that we are unable to measure well, if at 

all. For example, several studies have found that blacks and Latinos are less likely than 

whites to receive joint replacements to treat osteoarthritis (Escalante et al. 2000; Lopez et al. 

2005; Skinner et al. 2003), which is rarely fatal but can severely limit functioning. In 

addition, Latino and black older adults engage less frequently than whites in leisure-time 

physical activity – an important component of maintaining physical functioning at older ages 

(Crespo et al. 1996; Dai et al. 2015; DiPietro 2001). It is also likely that our models have an 

inadequate control for obesity: although maximum BMI is a preferable measure for 

predicting mortality than current BMI (Mehta et al. 2014), it relies on accurate recall of 

weight for what may be many years prior to interview and captures obesity at only a single 

time point. Because Latinos and blacks have a higher prevalence of obesity than whites, 

unmeasured obesity throughout the life course may account for part of the weaker 

association between functional limitations and survival for these groups.

Lastly, our results are consistent with the hypothesis that Latinos and blacks are more likely 

than whites to experience limitations as a result of their overrepresentation in strenuous and 

dangerous jobs that are frequently associated with workplace injuries and musculoskeletal 

disorders (Del Río and Alonso-Villar 2015; Melvin et al. 2014; Seabury et al. 2017; 

Toussaint-Comeau 2006). Although such work is likely to decrease physical functioning, it 

may have a much smaller impact on survival. Several studies support the link between 

strenuous working conditions and impaired physical functioning (Lahelma et al. 2012; 

Missikpode et al. 2016; Møller et al. 2015), but there has been very little research on the 

effects of working conditions on racial/ethnic differences in health at older ages.

All of these explanations could apply as well to walking speed, yet racial/ethnic differences 

in the association between walking speed and mortality are not significant. Because walking 

speed tests were administered to a subset of HRS participants over the age of 65, these 

analyses are based on substantially smaller sample sizes, especially for black and Latino 

respondents, thereby limiting the statistical power to detect differences by race/ethnicity. 

Nevertheless, we suspect that sample size (or a select subsample) is not a sufficient 

explanation of the difference in findings between self-reported limitations and walking 

speed. When we repeat the analysis of self-reported limitations on the subsample with 
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walking speed information, the association remains significantly weaker among blacks and 

Latinos than among whites but with wider confidence intervals (see Appendix Table A6 and 

Appendix Figure A2).

There are two other possible explanations for why racial/ethnic variation in the association 

between walking speed and mortality differs from that between the number of functional 

limitations and mortality. One pertains to the different types of physical restrictions that 

underlie the two measures of physical functioning. Walking speed was chosen for this 

analysis because it was the performance measure most closely related to activities captured 

in the self-reports, but it is unlikely to reflect limitations of upper-body mobility (e.g., 

difficulty lifting objects or picking up a dime), which may have the weakest link to survival. 

Variations in the prevalence of specific limitations across racial/ethnic groups may then 

result in different predictive abilities of the self-reports vs. walking speed by race/ethnicity. 

A second hypothesis is suggested by the walking speed findings for blacks. There is 

suggestive (but not significant) evidence from Figure 6 that inability to complete the walking 

speed test is more strongly related to mortality for whites than for blacks, whereas worse 

performance on the walking speed test has a stronger association for blacks. The finding that 

functional limitations are a weaker predictor of survival for blacks relative to whites, 

whereas walking speed (for those able to do the test) may be as strong if not a stronger 

predictor for blacks, may result in part from walking speed being a continuous and hence 

more nuanced measure of performance. Tabulations shown in Appendix Figure A1 indicate 

that it is primarily very slow walking speeds that are more strongly linked to mortality for 

blacks than whites, perhaps because these speeds reflect extreme severity of diseases such as 

stroke or hypertension (which are more common among blacks) that cannot be captured in 

yes/no responses to questions about difficulty in performing specific activities.

For comparison, we also examined racial/ethnic differences in the association between SRH 

and mortality. Our findings confirm those of McGee et al. (1999) and Woo and Zajacova 

(2016), who found that SRH is a stronger predictor of mortality for whites compared to 

other racial/ethnic groups, consistent with the results for self-reported functional limitations. 

Previous researchers have hypothesized that the variation in predictive ability of SRH may 

be due to differences in education or access to care that influence one’s knowledge about 

his/her health, differences in the respondent’s reference group, or, in the case of Latinos, 

differences in the meaning of the categories when the question is asked in Spanish (McGee 

et al. 1999; Woo and Zajacova 2016). However, these explanations are less applicable to 

self-reported functional limitations. Respondents’ assessment of whether or not they have 

difficulty performing basic activities is probably less dependent on socioeconomic predictors 

or reference groups than their evaluation of their overall health status; moreover, the 

questions on functional limitations are likely to be less sensitive to translation compared 

with the response categories used for the SRH question.

5.2 Limitations

Our study has several limitations. One, discussed above, is the reduced sample size for the 

walking speed test, underscoring the need for future studies with larger samples of 

performance measures for Latinos and blacks. A second concern is our inability to examine 
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the role of occupational characteristics and leisure-time physical activity because these 

variables may be the result rather than the cause of poor health, and measures at earlier 

points in the life course are not available in these data. A third issue is loss-to-follow-up, 

which may occur more frequently for less healthy individuals. This is a particular concern 

for less healthy Latino immigrants who may return to their countries of origin, a theory often 

referred to as “salmon bias” (Abraido-Lanza et al. 1999). In our data, Latinos were more 

likely than blacks or whites to exit the sample through attrition (as opposed to through 

death), but the Latinos that exited through attrition had initial health profiles similar to or 

healthier than Latinos that remained in the study. Thus, our findings do not appear to be 

driven by selective loss-to-follow-up of the least healthy Latino individuals.

5.3 Implications of Findings

These results have implications for future mortality research and clinical practice. Although 

studies have demonstrated that self-reported physical limitations are among the best 

discriminators between survivors and decedents for short-term survival (Goldman et al. 

2016), few have recognized heterogeneity in predictive ability (Goldman et al. 2017). 

Variations in the strength of associations of functioning with survival across racial/ethnic 

groups suggests the need for more nuanced prognostic models that allow for such variability 

and incorporate non-clinical information. Accurate prognostic tools not only enable social 

science and medical researchers to improve their understanding of pathways leading to 

health deterioration and ultimately death, but also empower clinicians to have more 

informed discussions with patients about end-of-life decision making.

These findings are important not only with regard to prognosis, but also because of the 

implications for quality of life. In particular, a relatively weak association between 

functional limitations and mortality has important negative implications for Latinos and 

blacks, because it implies that these groups will spend a larger proportion of their remaining 

years functionally limited and disabled compared with whites (Hayward et al. 2014). 

Because foreign-born Latinos, particularly those who are undocumented, are often ineligible 

for publicly-funded insurance and frequently do not have health insurance through 

employers, family members are likely to assume much of the burden of care for relatives 

with poor physical functioning. Moreover, if these functional impairments are already 

manifest during working ages, they would present particularly acute problems for Latinos 

and blacks who often face challenging work conditions, restricted opportunities to change 

jobs, poor access to quality medical care and inadequate financial resources (Catanzarite and 

Trimble 2008; Choi et al. 2016; Kochhar and Fry 2014; Singh and Lin 2013).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Physical functioning is a powerful predictor of mortality at older ages

• We investigate whether this association varies by race and ethnicity

• Functional limitations are more weakly linked to mortality for blacks and 

Latinos

• This may be due to racial/ethnic differences in jobs, pain, activity, or 

treatment
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Figure 1: 
The Disablement Process. Adapted from Verbrugge and Jette (1994).
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Figure 2: 
Observed smoothed log hazard of mortality by age, self-reported number of limitations, and 

race/ethnicity. The numbers of limitations displayed (0, 2, and 5) refer approximately to the 

25th, 50th and 75th percentiles.
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Figure 3: 
Observed smoothed log hazard of mortality by age, self-rated health, and race/ethnicity.
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Figure 4: 
Hazard ratios (95% confidence intervals) from the base and full models associated with 

number of limitations by age and race/ethnicity.
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Figure 5: 
Hazard ratios (95% confidence intervals) from the base and full models associated with fair/

poor self-rated health by age and by race/ethnicity.
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Figure 6: 
Hazard ratios (95% confidence intervals) from the base and full models associated with 

inability to complete walking speed test and one SD below average walking speed at age 70 

by race/ethnicity.
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Table 1:

Unweighted Summary Statistics of Analytic Samples at First Observation

Full Sample Walking Speed Subsample

Mean (SD) or Percent Percent Missing Mean (SD) or Percent Percent Missing

Demographics

Age (years) 63.2 (10.8) 0 % 73.8 (7.1) 0 %

Female 56.6 % 0 % 57.89 % 0 %

Race/Ethnicity 0 % 0 %

White 69.87 % 77.56 %

Black 18.27 % 13.68 %

Latino 11.86 % 8.76 %

Married 63.38 % 0.1% 59.42 % 0.02 %

Foreign-born 11.4 % 0.05 % 8.96 % 0.07 %

Died in follow-up period 39.07 % 0 % 33.95 % 0 %

Mean follow-up (years) 11.2 (5.9) 0 % 6.9 (3.3) 0 %

Socioeconomic Characteristics

Education (years) 12.2 (3.4) 0.28 % 12.3 (3.2) 0.04 %

Household income $58,000 ($98,900) 0 % $55,200 ($119,400) 0 %

Household wealth $309,900 ($1,044,000) 0 % $521,000 ($1,205,000) 0 %

Health Characteristics

Often troubled by pain 30.3 % 0.11 % 34.19 % 0.08 %

Ever smoked 58.13 % 0.45 % 57.34 % 0.45 %

Ever diagnosed with arthritis 43.82 % 0.10 % 66.08 % 0.10 %

Ever diagnosed with diabetes 14.33 % 0.08 % 22.75 % 0.14 %

Ever diagnosed with high blood pressure 43.74 % 0.1 % 62.48 % 0.15 %

Ever had a stroke 6.28 % 0.05 % 9.74 % 0.10 %

Obese at maximum weight 46.44 % 18.59 % 46.04 % 1.23 %

Number of limitations 2.7 (3.1) 0.89 % 3.3 (3) 0.41 %

Fair/poor self-rated health 31.27 % 0 % 29.26 % 0 %

Walking speed (meters/second) 0.8 (0.3) 0 %

Unable to perform walking speed task 7.19 % 0 %

Number of respondents 30,494 11,857

Number of observations 160,647 39,835

Notes: Means and percentages are defined for respondents not missing the variable. These statistics refer to the first observation of a respondent in 
the sample.
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