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Abstract 

Word Count: 149/150 

Background: Muscle weakness, as measured by handgrip strength, is associated with disability 

and mortality; however, the extent to which muscle strength trajectories are shaped by social 

adversity experienced across the life course is unknown.  

Methods: Using data from the Health and Retirement Study (N= 20,472, Mean Age= 63.8 

years), we employed gender-stratified growth curve models to investigate whether life course 

stress and trauma experienced at distinct life stages were associated with trajectories of grip 

strength in a nationally-representative sample of older adults.  

Results: We found that life course trauma and stress experienced during emerging/early 

adulthood (18-42 years) was associated with both mean grip strength at age 50 and trajectories of 

grip strength.  

Discussion: Results shed light on the importance of considering how one’s social environment 

shapes grip strength trajectories among older adults and may drive racial/ethnic disparities in 

muscle weakness in later life, particularly among Black Men and Women. 
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Introduction 

Muscle weakness, as measured by handgrip strength, is associated with a host of negative 

health outcomes, including physical functioning limitations, 1,2 disability,3–6 multimorbidity,7–9 

and both cardiovascular7,10 and all cause-mortality.1,10–15 In the United States, it is estimated that 

55% of older men and 45% of older women have muscle weakness.16 Racial disparities in 

muscle weakness have also been uncovered by recent research showing that 55% of Black men 

and 88% of Black women meet criteria for clinical muscle weakness compare to 37 % of White 

men and 48% of White women.16 The implications of compromised muscle strength in later age 

may be especially consequential since older Black adults also have a higher prevalence of 

mobility limitations compared to Whites.17 Thus, a “dual burden” of muscle weakness combined 

with greater mobility limitations may exacerbate physical health disparities in later age and lead 

to greater challenges associated with the recovery process.  

While physical activity18, gender19, chronic disease status20 and nutrition21 in older age 

are important determinants of muscle weakness, significant unexplained variability remains in 

identifying which individuals become weak in older age. One of the primary reasons for this may 

be that research has largely focused on proximal determinants of muscle weakness among older 

adults and less on early and midlife risk factors. It is possible that a better grasp of the risk 

factors earlier in the life course would not only help identify those who are both most at risk for 

muscle weakness in older age but also who would benefit most from early intervention.  

An enhanced understanding of the upstream social factors that drive differential 

vulnerability to muscle weakness in later life is of critical public health importance. There is a 

well-established body of evidence documenting how social stress and trauma “gets under the 

skin” to impact physical health in older age.22–24 However, to date, few studies have investigated 
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the role social stress and trauma plays in the development of muscle weakness in later age, and 

whether previously observed disparities in muscle weakness may be exacerbated due to 

differential exposure to social stress and trauma. Therefore, this study addresses a major gap in 

the literature by explicitly testing in a longitudinal setting whether exposure to stressful and 

traumatic events experienced across the life course influence trajectories of muscle weakness in 

older age within a nationally-representative, diverse group of Americans.  

This article will begin by first reviewing several related bodies of literature integral to our 

understanding of the relationship between life course risk factors and muscle weakness in middle 

and older aged adults. We will first review life course epidemiology, followed by stress and 

trauma as independent risk factors for physical and mental health, and conclude with a brief 

review of how these factors may shape racial/ethnic disparities in health. 

Life Course Epidemiology: Theoretical underpinnings and conceptual models 

Life course epidemiology has been used to elucidate how seemingly unrelated physical 

and social exposures experienced during gestation, childhood, adolescence, young adulthood and 

middle age drive disease outcomes in later life.25 From a life course perspective, aging is seen 

from a developmental lens in which distinct phases of adulthood are marked by specific life 

events and role transitions where certain stressors/protective factors may be more or less likely to 

occur.25,26 For example, childhood is often defined by gains in education while adolescence is an 

important window of development when young people begin to assert their independence, make 

life style choices and establishes health behaviors that will often persist into adulthood.27 The 

emerging/early period of adulthood (typically occurring in the 20’s to late 30’s and early 40’s) is  

typically characterized by the establishment of one’s career, marriage, parenthood and asset 

acquisition that has a lasting effects on health and SES in later life.28–30 Lastly, the midlife period 
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(mid 40s to early 60s) is often typified by changes in health status as a result of early life health 

behaviors and life chances.  

Two general conceptual models within life course theory have been proposed to 

understand how early life antecedent events drive health outcomes in older age: the critical 

period model and the accumulation of risk model.25 The critical period model suggests that there 

are important life stages in which an individual experiences adverse events and exposures that 

may have crucial consequences on their health in later life. This conceptual model is largely 

rooted in the fetal origins hypothesis, which linked poor maternal nutrition in utero to increased 

risk of coronary heart disease and diabetes in later life.31  Similarly, childhood SES has been 

found to be directly associated with cardiovascular disease,32 stroke,33,34 physical functioning35,36 

and lower levels of grip strength37 in older adults.  

The accumulation of risk model posits that negative exposures gradually accumulate 

across the life course, ultimately influencing health status in later life.38 This model has been 

used to explain why socioeconomic differentials in health exist across a wide range of diseases.25 

For example, early childhood conditions may set individuals on risk trajectories of cumulative 

advantage/disadvantage with those from lower SES backgrounds experiencing a faster decline in 

health compared to those from higher SES backgrounds, ultimately leading to widening health 

disparities in later life.39,40 The accumulation of risk model has been applied to examine physical 

health outcomes. For example, physical inactivity, smoking, heavy drinking, social isolation, 

fair/poor perceived health and prevalence of chronic symptoms and conditions across a 30-year 

period of emerging and midlife adulthood was associated with increased risk of frailty in a 

community dwelling sample of older adults.41  

Life Course Epidemiology & Muscle Weakness 
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There is growing interest in the role early and midlife factors play in the preservation of 

muscle strength in later life. However, the majority of research has almost exclusively focused 

on early life anthropometric indicators showing higher birth weight to be associated with greater 

muscle strength adulthood.42 In the Hertfordshire Ageing Study, lower birth weight and weight 

in the first year of life were significantly associated with lower grip strength 60-70 years later. 

This relationship, while somewhat attenuated, remained significant after adjusting for body size, 

indicating that one’s early environment may be of critical underlying importance.43 Pre-pubertal 

growth has also been found to be associated with midlife grip strength.44 

More recently, several studies have demonstrated that socioeconomic conditions 

experienced across the life course may also be linked to muscle health in later life. A recent 

systematic review found modest, positive associations between childhood SES and later life grip 

strength, even after adjusting for adult SES and current body size.36 Wealth in later life was 

found to be inversely associated with grip strength in a sample of older Europeans, while 

education, income and occupation were not, suggesting that earnings accrued across the life 

course may be important in maintaining grip strength in later life.45 Results from a British birth 

cohort study indicated that higher levels of material deprivation (i.e., not having a car, not 

owning one’s home) were inversely related to grip strength in later life.37 Low income and low 

education were found to be significantly associated with decreased grip strength among an 

elderly sample of Korean men.46 More recently, childhood misfortune was found to be related to 

lower handgrip strength in men, but not in women. 47   

Stress, Trauma and the Life Course 

A substantial body of literature has demonstrated that one’s social context is 

consequential for health. Previous studies have found social and economic hardships   
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experienced both in childhood48 and throughout the life course are associated with mental and 

physical health outcomes in later life.49,50 There is evidence to suggest that exposure to stress and 

trauma throughout one’s life may be linked to poorer health outcomes in later life.  

Previous research investigating the downstream cascade that emerges after experiencing 

stress and trauma early in the life course suggests there are several important mediators on the 

causal pathway between stress, trauma and muscle weakness in later life. Indeed, experiencing 

stressful and traumatic events earlier in life may lead to maladaptive coping51, which in turn may 

lead to higher levels of BMI since previous research has shown that victims of trauma may use 

food to “anaesthetize” themselves from unpleasant feelings and memories.52 Research also 

shows that individuals who experience greater levels of stress and trauma are more likely to 

smoke.53 As a result, individuals who experience higher levels of stress and trauma may be less 

likely to engage in physical activity which may lead to a higher prevalence of chronic 

conditions.54  

Social stress has been found to be associated with mental health status and depression 

among older adults.22,55 Traumatic events have been shown to have a strong relationship on both 

immediate and long-term health outcomes. Trauma in particular may be especially consequential 

for health. Pearlin (2005) noted that trauma may be the most potent form of stress, characterized 

by the “magnitude of their onerousness…and by their sudden and violent character” (pg. 210) 

that have negative consequences for health in later life.24 Despite the known links between stress 

and trauma with later life physical health, no studies have directly examined whether stress and 

trauma experienced throughout the life course, and specifically among distinct critical life 

periods, are associated with muscle health in later life.  
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Racial/ethnic health disparities  

Racial/ethnic disparities in health are pervasive and persistent in the United States.56,57 

Non-Hispanic Black Americans have a higher prevalence of several chronic conditions58, live 

more years with chronic health problems59 and have higher rates of disability60,61 compared to 

Non-Hispanic White Americans. Similarly, among sub-groups of Hispanics, Hispanic Americans 

have been found to have higher rates of chronic disease and have worse functional health.62,63 

However, mortality rates, particularly among Mexican Americans, appear to be comparable and 

in some cases exceed all-cause mortality for Non-Hispanic Whites.64 Racial/ethnic disparities in 

physical functioning, mobility and disability are also well documented.59,61,65,66 

In seeking to understand why these disparities persist, many studies have examined SES 

as a key explanatory contributor. Indeed, several studies have shown that after accounting for 

SES, disparities in functional health between Blacks and Whites become partially attenuated, and 

in some cases, disappear61,67. However, the evidence regarding the association between SES and 

functional health remains equivocal. Other studies investigating this relationship have found that 

even after accounting for SES differences, disparities in disability and physical functioning 

persist, 68 suggesting that there may be other explanatory factors. 

 

Social adversity and racial/ethnic disparities in health 

While several studies have shown racial/ethnic minorities to have a higher prevalence of 

lifetime stress and trauma69, this evidence is largely mixed. Individuals in more advantaged 

social positions have better access to resources and opportunities in early life, which can offset or 

reduce exposure to negative life events, while those in more disadvantaged social positions are at 

greater risk of negative life events on account of reduced access and opportunity.70 Moreover, 
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since the root of disadvantage is structural and often experienced in all aspects of one’s life, 

persistent advantage or disadvantage can become compounded over time, ultimately leading to a 

widening in racial/ethnic health disparities across populations.71 As a result, it can be 

hypothesized that disparities in muscle strength between Whites, Blacks and Hispanics may be 

indirectly related to differential exposure to stress and trauma across the life course, a view that 

is consistent with the accumulation of risk theory.  

Based on the above, the primary objectives of this study are twofold: (1) To identify 

whether life course stress and trauma are associated with grip strength trajectories in a nationally 

representative sample older Americans followed across an 8-year period, and; (2) To examine 

whether the timing of when these stressful and traumatic events across the life course and at 

distinct life stages is associated with changes in grip strength in racially and ethnically diverse, 

longitudinal study of Americans aged 50 years and older.  

 

Methods 

 

Study Design and Sample Population 

Data came from the Health and Retirement Study (HRS), a nationally representative, 

multistage area probability survey of non-institutionalized, community dwelling Americans aged 

51 years and older. Study details have been previously described.72 Briefly, HRS is the longest 

running longitudinal study of older Americans in the United States, with consistent response 

rates of  ~85%.72 Sampled persons have been re-interviewed biannually since 1992, and new 

cohorts have been added to the original sample to maintain the nationally-representative nature 

of the survey over time.72  
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In 2006, half the sample of HRS participants was randomly selected for an enhanced 

face-to-face interview that included physical measurements, and the other random one-half 

completed the same interview in 2008.73 Additionally, in the same 2006 survey wave, HRS 

began collecting data on psychological and social well-being that was left behind after the 

enhanced face-to-face interview.74 Participants completed these questions and then mailed in 

their responses. For this analysis, we used 5 waves of longitudinal data from the 2006-2014 

Health and Retirement Study.  

Our initial population included 26,163 individuals who were 50+ years old and 

community-dwelling. Individuals who had died (n=1,429), reported “other” for their 

race/ethnicity (n=745), or were missing on grip strength across all waves (n=3,517) were 

excluded, yielding a final analytic sample of 20,472 Black, White, Hispanic men and women 

who were 50 years and older at the time they received their first grip strength measurement 

(baseline).  

Measures 

Hand grip strength 

Hand grip strength, our primary outcome of interest, was assessed using a Smedley 

spring-type hand dynamometer (Scandidact, Denmark). Participants were instructed to squeeze 

the device with the dominant hand as hard as they could and then let go. Grip strength 

assessments were administered while participants were standing with their arm at their side, and 

with the elbow flexed at a 90 degree angle.73 After one practice trial, two measurements were 

taken with each hand, alternating hands. The maximum measurement in kilograms (kg) from the 

four trials was used for the analysis.   
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Life Course Cumulative Trauma and Stress 

As part of the leave behind self-administered questionnaire, participants were asked to 

answer a series of questions pertaining to traumatic and stressful life events experienced across 

the life course (yes/no). Example of trauma indicators included: “Has a child of yours ever 

died?”, “Did you ever have a life-threatening illness or accident?”, and; “Have you ever been in a 

major fire, flood, earthquake, or other natural disaster?”  Life course cumulative trauma was 

defined as the sum of all traumatic events at any wave based on whether a respondent answered 

“yes” to a series of 11 questions (Range: 0-11). The full list of questions pertaining to traumatic 

life events are presented in Supplementary Table 1A. 

Participants were also asked about stressful life events. These indicators inquired about 

stressful life events (yes/no) experienced across the life course. Examples of stressful life events 

questions included: “At any time in your life, have you ever been unfairly denied a bank loan”, 

“Before you were 18 years old, did you ever have to do a year of school over again?”, and, 

“Have you involuntarily lost a job for reasons other than retirement at any point in the past five 

years?”. Life course cumulative stress was defined as the sum of all stressful life events reported 

in the series of 11 questions (Range: 0-11). The full list of questions pertaining to stressful life 

events are presented in Supplementary Table 1B. 

Life Stage Trauma and Stress 

If a respondent answered “yes” to any of the traumatic and/or stressful life event 

indictors, they were then asked to record the year it occurred. In order to calculate the age at 

which the respondent experienced the stressful or traumatic event, we subtracted the 

respondent’s birth year from the year they experienced the event. Summary stress and trauma 



10 

 

variables were then created for three critical life stages: Early Childhood (age 0-17 years), 

Emerging/early adulthood (age 18-42 years) and Midlife (age 43-67 years).  Since the stressful 

life event questions focused on events pertaining to job and financial security, there were no 

stressful life events recorded in the childhood period.  This resulted in five primary exposure 

variables (2 stressful life event summaries in emerging/early adulthood and midlife, and 3 trauma 

event summaries in childhood, emerging/early adulthood and midlife) that capture the total 

number of stressful and traumatic events experienced during these distinct life stages and across 

the life course.  

Stress and trauma variables were missing for 3,182 individuals in the leave behind survey 

and were excluded from analyses with any of the exposure variables. These individuals were not 

significantly different from those who did complete the questions with respect to age, number of 

chronic conditions or BMI. However, individuals who were missing on the stress/trauma 

questions were more likely to report more difficulty with activities of daily living (ADL) than 

those who answered the stress/trauma questions (mean number of ADL limitations = .42 vs. .29, 

respectively, p<.0001). 

Sociodemographic variables 

The following time invariant covariates were included in the analysis: (1) Age was 

defined continuously in number of years; (2) Race/Ethnicity was self-reported and 3 dummy 

indicators were created for Non-Hispanic Black, Non-Hispanic White (referent) and Hispanic 

individuals; (3) Gender was treated as dummy variable coded 1 for women and 0 for men; (4) 

Education was modeled as a binary dummy variable contrasting those with greater than or equal 

to 12 years of education compared to those with less than 12 years of education. Since 
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educational attainment is a known risk factor for stress and trauma75 and is also related to muscle 

weakness,76 it was included as a confounder variable and was adjusted for in the statistical 

models. 

The following time-varying covariates were included as hypothesized mediators in the 

causal pathway between early life stress/trauma and muscle strength in later age: (1) Smoking, 

categorized as current, former and never (referent) smoker based on self-report; (2) Physical 

activity was assessed based on whether an individual reported taking part in sports or activities 

that were “moderately energetic” (i.e., gardening, cleaning the car, walking at a moderate pace). 

Individuals who reported hardly ever or never were classified as “inactive” while those who 

engaged in moderate activity more than once a week, once a week, one to three times a month 

were considered “active”; (3) Body mass index (BMI) defined as weight in kilograms/(height in 

meters)2; (4) Number of chronic health conditions was assessed based on the sum of eight self-

reported medically diagnosed chronic health conditions (high blood pressure, diabetes, cancer, 

lung disease, heart disease, stroke, psychiatric problems and arthritis).  

Analytic Approach 

Growth curve models were used to examine trajectories of grip strength over mid to late-

adulthood. Due to the established gender differences in grip strength, separate models were 

estimated for men and women. Growth curve models are a type of mixed model that account for 

correlations and clustering between and within individuals over time.77 A two-level model was 

specified using 5 waves of HRS data across an 8 year time period (2006-2014). Age in years was 

used as the primary time indicator from age 50 to 99, which was centered at age 50 to aid in 

parameter interpretation (setting age 50 to 0). The functional form of age was tested as linear, 
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quadratic and cubic terms in order to capture potential non-linearity in trajectories of grip 

strength with aging. However, only the linear and quadratic terms were significant, and were 

retained in all models.  

The structure of this model can be expressed by equations at each level. At level 1 

(within-person model), maximum grip strength scores are nested with individuals (i) as defined 

by the following statement: 

GSti =    (1) 

where  is the expected maximum grip strength score for person i at age 50 (centered age),  

captures the linear rate of change in grip strength with age,  captures the quadratic rate of 

change in grip strength, and  captures the within-person residual (the part of an individual’s 

grip strength at time t that cannot be explained by time/age) and is assumed to have a normally 

distributed mean of 0 and variance of . 

The level-1 parameters are then modeled as a function of the individual characteristics at 

level-two. The level-2 between person sub-model assumes that grip strength intercepts and 

slopes vary across individuals, and we explicitly model these difference based on the following 

equations using race/ethnicity as a working example: 

    (2.1) 

    (2.2) 
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    (2.3) 

In the equations above, the intercept and age slopes from equation 1 are modeled as a 

function of race/ethnicity, where  represents the difference in grip strength (intercept) for 

Blacks compared to Whites at age 50,  represents the difference in the rate of change (linear 

slope) of grip strength for Blacks compared to Whites and  represents the difference in the 

rate of change (quadratic slope) of grip strength for Blacks compared to Whites. Similarly, 

represents the difference in grip strength (intercept) for Hispanics compared to Whites at age 

50,  represents the difference in the rate of change (linear slope) of grip strength for Hispanics 

compared to Whites and  represents the difference in the rate of change (quadratic slope) of 

grip strength for Hispanics compared to Whites. The residual error ( ) captures the random 

error in the intercept across individuals. Random variance around the slope coefficients were not 

estimated due to problems with model convergence. Substituting equations 2.1 - 2.3 into 

equation (1) yields the full composite model: 

 

We used the MIXED procedure in SAS 9.4 to estimate the linear mixed models using full 

information maximum likelihood. The distribution of the residuals showed a good approximation 
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to normality with little deviation from the diagonal in the normal probability plots, justifying the 

linear model. Nested models were compared using the following goodness-of-fit indices: (1) 

Change in the -2log likelihood, which follows a distribution where the degrees of freedom as 

the same between nested models, (2) Bayesian Information Criterion (BIC), where models with a 

lower BIC indicate better model fit, and; (3) Proportion of variance in grip strength that is 

explained by a model (pseudo ), which is calculated by squaring the correlation between the 

observed and predicted grip strength values. We also tested for mediation by adding each 

hypothesized mediator individually to assess change in the estimate of our primary exposure.  

  

Results 

We first present descriptive statistics by gender and race/ethnicity in separate tables for 

men (Table 1A) and women (Table 1B) and proceed in discussing the model results for men 

(Table 2A) and women (Table 2B) separately below.  

 

Results for Men 

Descriptive Statistics 

Among the 8,847 men included in this analysis, 17% were Black, 70% were White and 

13% were Hispanic (Table 1A). White men were slightly older (63.5 years) compared to Black 

(61.1 years) and Hispanic (61.1 years) men.  White men had the highest mean grip strength at 

43.6 kg while Hispanic men had the lowest at 39.8 kg. Black men had a mean grip strength of 
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42.1 kg. The average number of chronic conditions was relatively similar across all three 

race/ethnic groups (range= 1.7-1.9 conditions). The average body mass index was also 

comparable across Black, White and Hispanic men (mean BMI range= 28.5-29.2 kg/m2). While 

physical activity and smoking levels were similar across all groups, there were notable 

differences in educational attainment. Fifty-nine percent of White men had 12 or more years of 

education compared to 42% of Black men and only 28% of Hispanic men.  

When examining the distribution of trauma across the life course, roughly one in 4 men 

reported no traumatic event from birth through age 67 (Table 1A). On average, Black men 

experienced slightly higher levels of trauma (mean= 1.9 events) compared to Whites (1.7 events) 

and Hispanics (1.8 events).  The distribution of the number of traumatic events by race/ethnicity 

was similar, although Black and Hispanic men were somewhat more likely to report 3 or more 

traumatic events over the life course compared to White men. However, there were notable 

race/ethnic differences as to when these events occurred in the life course. In early childhood (0-

17 years old), half of Black men and 46% of White men reported experiencing 1 or more 

traumatic events compared to 37% percent of Hispanic men. The number of traumatic events 

experienced during emerging/early adulthood (18-42 years) and midlife (43-67 years) were 

relatively comparable across race/ethnic groups. 

There were also noticeable race/ethnic differences in the number of stressful life events 

experienced over the life course. Black men experienced more stressful life events (mean= 1.7 

events) across the life course compared to Whites (1.2) and Hispanics (1.3). Thirty-two percent 

of Black men reported 3 or more stressful life events compared to 19% of White men and 22% of 

Hispanic men. The life stage as to when these events occurred also varied by race/ethnicity. 

Black men were more likely to report one or more stressful life event in emerging/early 
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adulthood (30%) compared to White (20%) and Hispanic (17%) men. This was also the case for 

stressful life events experienced during midlife with 40% of Black men reporting one or more 

event compared to 32% of White men and 36% of Hispanic men. 

---- Table 1A ---- 

Growth Curve Models 

Unconditional Growth Model 

Results for the growth curve model for men are presented in Table 2A. In the 

unconditional growth model (Model A), the mean grip strength for men at age 50 is 48.6 kg and 

there is a significant negative linear and quadratic time effect indicating that grip strength 

declines with age. For each additional year of age, men lose, on average, .31 kg per year (p< 

.0001) and this decline accelerates with age (significant quadratic term of -.007 kg per year2).  

---- Table 2A about here ----  

Race/Ethnicity 

When adding  race/ethnicity to the model (Model B, Table 2A), White men at age 50 

have a mean grip strength of 50.3 kg (the intercept, p< .0001) while both Black and Hispanic 

men have statistically significant lower average grip strengths of 46.7 kg (β= -3.6, p<  .0001) and 

45.4 kg (β= -4.9, p<.0001), respectively, at age 50. However, there were no significant 

differences in the rate of decline in grip strength with age by race/ethnicity (coefficients for rate 

of change by race/ethnicity, Model B). Predicted grip strength trajectories based on this model 

are plotted in Figure 1.  

---- Figure 1 about here ---- 
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Life Course and Life Stage Trauma 

Model C (Table 2A) adds the traumatic life event variables to the race adjusted models. 

The total number of traumatic events experienced cumulatively across the life course was not 

associated with either mean grip strength at age 50 or rates of change in grip strength for Black, 

White or Hispanic men (results not shown). However, we found traumatic life events 

experienced at the critical life stage of emerging/early adulthood were associated with 

differences in trajectories of grip strength by race. Experiencing trauma during childhood or 

midlife was not associated with grip strength trajectories for any race/ethnic group (results not 

shown). After adjusting for education (Model D, Table 2A) Black men who experienced one 

additional trauma in emerging/early adulthood had higher mean grip strength at age 50 (β= 1.66, 

p<.001) but faster rates of decline in grip strength with age (β= -.08, p< .001) than Black men 

who did not experience a traumatic event during this life stage. In contrast, the experience of 

traumatic events was not associated with differences in grip strength trajectories for either White 

or Hispanic men. 

Despite starting out with a higher mean grip strength at age 50, Black men with one 

additional trauma underwent a steeper decline in grip strength with age. Specifically, Black men 

who experienced one additional traumatic event in emerging/early adulthood lost, on average, an 

additional .08 kg in their grip strength each year (β= -.08, p< .001; Model D Table 2A). This 

means that, at age 80, for example, Black men who did not experience any traumatic event have 

a predicted grip strength of 33.7 kg while Black men who experienced two traumatic events have 

a predicted grip strength of 27.4 kg—over a 6 kg difference, as shown in Figure 2. 

---- Figure 2 ---- 
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Racial/ethnic differences in the effects of trauma on trajectories of grip strength have 

notable consequences for the observed disparities in later life grip strength by race. For example, 

at age 80, the predicted grip strength for a White man who experienced two traumatic events 

during emerging/early adulthood is comparable to a Black men who experienced no traumatic 

events (34.7 kg vs. 33.7 kg, respectively), indicating that even Black men who are free from the 

experience of trauma during emerging/early adulthood have similar hand grip strength to White 

men who have experienced two traumatic events during this life stage.  

Life course and Life Stage Stress 

Results for models including the measures of stressful life events are presented in Models 

E and F (Table A). We found no association between the total number of stressful life events and 

either mean hand grip strength or rates of change in grip strength over time (results not shown). 

However, we did find that experiencing stressful life events during emerging/early adulthood 

was significantly associated with trajectories of grip strength, and these effects varied by race. 

(Stressful life events experienced during midlife were not associated with grip strength 

trajectories.) After adjusting for education (Model F, Table 2A), White men who experienced 

one stressful life event during emerging/early adulthood had lower mean grip strength at age 50 

than White men who experienced no stressful life events (β= -.78, p < .01). However, similar to 

the findings for traumatic life events (above), Black men who reported one additional stressful 

life event during emerging/early adulthood had a higher mean grip strength at age 50 (β= 2.4, p< 

.0001) but faster rates of decline in grip strength with age (β= -.06, p< .05) than Black men 

reporting no stressful life events during this life stage. Extrapolating these results to age 80, 

Black men who experience 2 stressful life events in emerging/early adulthood have a predicted 

grip strength at age 80 that is 3 kg lower than Black men who do not report experiencing any 
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stressful life events (30.3 kg vs. 33.5, respectively) and fully 4 kg lower than White men who do 

not report any stressful life events (34.5 kg). Predicted trajectories by race and stressful life 

events are plotted in Figure 3. 

---- Figure 3 ---- 

Testing Potential Mediating Pathways 

 As a final step in the modeling process, we included the hypothesized mediators in the 

pathway between traumatic/stressful life events and grip strength, including time-varying chronic 

conditions, BMI, smoking status, and physical activity. Since these variables are both potential 

mediators and potential confounders in this longitudinal model, we report these results with 

caution. After entering each hypothesized mediator into both the emerging/early adulthood 

trauma (Model D) and stress (Model F) models (Table 2), we found no meaningful change in the 

relationship between stress and trauma on the grip strength intercept and trajectories by 

race/ethnicity. Specifically, the intercept and slope differences found for Black men did not 

change even after including these mediating/confounding variables, indicating that trauma and 

stress in emerging/early adulthood has a net direct effect on grip strength for Black men in later 

life. This also indicates that the observed association between emerging/early adulthood stress, 

trauma and muscle strength is not operating through the time-varying, health behaviors that were 

hypothesized to be on the causal pathway. 

 

Results for Women 

Descriptive Statistics 



20 

 

The sample characteristics for Black, White and Hispanic women are presented in Table 

1B. Out of the 11,624 women included in the sample, 20% were Black, 67% were White and 

13% were Hispanic. The average age at baseline for White women was slightly older (65.2 

years) compared to Black (62.4 years) and Hispanic (62.2 years) women. Black women had 

higher mean grip strength (27.1 kg) compared to White women (25.7 kg) and Hispanic women 

(24.1 kg). Black women and Hispanic women had a higher mean BMI (31.5 and 29.6 kg/m2, 

respectively) compared to White women (27.8 kg/m2) and Black women had a greater prevalence 

of chronic health conditions at baseline (mean 2.2 conditions) compared to White and Hispanic 

women (mean=1.8 conditions for both groups). There were notable racial inequalities in attained 

education with 51% of White women having a high-school education or higher, compared to 

only 43% of Black women and 23% of Hispanic women. White women were also more likely to 

report engaging in moderate physical activity 3 times per week (80.2%) compared to 73.1% of 

Black women and 77% of Hispanic women. Current smoking status was roughly comparable 

across all three groups.  

---- Table 1B ---- 

When examining the distribution of lifetime trauma, Black women reported a slightly 

higher mean number of traumas (mean= 1.7 events) compared to White (1.6 events) and 

Hispanic (1.6 events) women. Black women were more likely to report 3 or more traumatic life 

events (30.8%) compared to White women (25.8%) and Hispanic women (28.4% 3). Black 

(33.6%), White (36.4%) and Hispanic women (39.8%) were more likely to report experiencing 

one or more traumatic event during childhood than in emerging/early adulthood or in the midlife 

period. Black women also reported a higher mean number of stressful life events (mean= 1.3 

events) compared to White (.85 events) and Hispanic (.96 events) women. Black women were 
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more likely to report experiencing 3 or more stressful life events across the life course (23.4%) 

compared to White (12%) and Hispanic (14.3%) women (p<.05). When examining the timing of 

when these events occurred, Black (34.6%), White (25.2%) and Hispanic (25.2%) women were 

more likely to report experiencing stressful life events during midlife than in emerging/early 

adulthood. 

Growth Curve Models 

Results for the growth curve models for women are presented in Table 2B. 

---- Table 2B ---- 

Unconditional Growth Model 

In the unconditional growth model (Model A), the mean grip strength for women at age 

50 is 29.8 kg (the intercept, p< .0001) and there is a significant, negative linear and quadratic 

time effect indicating that grip strength declines over time. Specifically, for each additional year 

of age, women lose, on average .2 kg of grip strength per year (β=-.196, p<.0001) and this 

decline accelerates over time (significant quadratic effect for age).  

Race/Ethnicity 

Model B (Table 2B) presents the results after adjusting for race/ethnicity. Hispanic 

women have significantly lower average grip strength at age 50 than White women (27.1 kg vs. 

30.5 kg, respectively (β= -3.4, p< .0001) but experience a slower rate of decline in grip strength 

with age (β = .094, p<.001). Black women have a slightly lower mean grip strength at age 50 

than White women (vs. 30.0kg vs. 30.5kg), respectively, although this difference was not 

statistically significant (β= -.443, p= .27) However, as seen from the predicted trajectories in 
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Figure 4, Black women experience a slower rate of decline in grip strength with age compared to 

White women (β =.110, p<.001, Model B, Table 2B).   

---- Figure 4 ---- 

Life Course and Life Stage Trauma 

We found no association between the total accumulation of traumatic events over the life 

course and women’s grip strength in later life (results not shown). However, we did find that 

traumatic events experienced in emerging/early adulthood proved to be a critical window of 

exposure and varied by race. While traumatic events had no effect on grip strength for either 

White or Hispanic women, Black women who experienced a traumatic life event over 

emerging/early adulthood had significantly lower levels of grip strength in later adulthood. After 

adjusting for education (Model D, Table 2B), Black women who experienced one additional 

traumatic event had significantly lower mean grip strength than Black women who did not 

experience a traumatic event (β= -.69, p < .05). We also tested whether lifetime and life stage 

stressors were associated with grip strength in women but found no significant associations.  

---- Figure 5 ---- 

Testing Potential Mediating Pathways 

 While the association between trauma in emerging/early adulthood and mean grip 

strength at age 50 remained significant after adding time-varying chronic health conditions, 

smoking status and physical activity to the model, time-varying BMI significantly attenuated the 

coefficient representing the effect of trauma for Black women (Model D, Table 2B). After 

adjusting for time varying BMI, the intercept for Black women who had experienced traumatic 
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life events in emerging/early adulthood was reduced (-.69 to -.63) and was no longer significant. 

This suggest that BMI is a partial explanatory factor in the relationship between early adult 

traumatic events and later life grip strength for Black compared to White women. However, we 

present these results with caution, because these variables are both mediators and confounders in 

the longitudinal relationship between life events and grip strength. Further work should test these 

complex relationships with other analytic methods (i.e., marginal structural models) that are 

better equipped to deal with simultaneous mediating and confounding in longitudinal models.  

 

Discussion 

There is growing interest in the life course determinants of muscle strength in older age. 

While a few studies have investigated the role of early life anthropometry and socioeconomic 

status in differential vulnerability to muscle weakness,44,78,79 less is known about how one’s lived 

social experience unfolds over the life course to influence trajectories of grip strength in later 

life. This study is an important contribution to the literature because it not only examined 

longitudinal changes in grip strength over time by race/ethnicity but also considered to what 

extent earlier negative life events impacted grip strength trajectories in later life.  

 There are several key findings from this study. First, we found that life course trauma 

and stress experienced during emerging/early adulthood were associated with differences in 

levels of grip strength and rates of change in grip strength over mid to late adulthood.  

Specifically, among Black men, stress and trauma experienced during emerging/early 

adulthood were not only related to higher mean grip strength at age 50, but also associated with 

steeper declines as individuals aged over time compare to White men. Second, for Black women, 
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traumatic events during emerging/early adulthood were associated with lower mean grip strength 

at age 50. Third, the accumulation of traumatic and stressful events across the life course was not 

associated with grip strength in later life for any group. This finding supports the critical period 

hypothesis, whereby experiencing stressful events experienced during emerging/early adulthood 

may have disproportionate negative consequences for maintaining and preserving muscle 

strength in later age, particularly for Black men and women. Lastly, contrary to our hypothesis, 

no differences in grip strength were observed for White and Hispanic men and women even after 

accounting for stress and trauma.  

To the best of our knowledge, no studies have directly examined the relationship between 

life course social stress and trauma and muscle strength in later age. After considering the type 

and timing of the exposure, our study suggests that one’s lived experience, particularly during 

emerging/early adulthood, is consequential for muscle health in older age.  Findings from this 

study are consistent with previous work documenting a strong association between stress, trauma 

and other physical and mental health. Indeed, there is a well-established literature that has found 

stress and trauma experienced earlier in the life course to be associated with a host of negative 

health outcomes, including depression,80 cardiovascular disease 81 and impaired immune 

function.82 

The mechanism by which social stress and trauma could affect muscle strength is not 

well studied. However, the distinct physiologic cascade the takes place following exposure to 

stressful events is well documented.82 Furthermore, exposure to chronic stress, such as those 

negative events that persist over time (i.e., taking care of a sick family member) or experiencing 

an acute, traumatic event (i.e., being the victim of a crime) are believed to be the most potent 

forms of stress.83 When a stress response is activated, cortisol is released by the hypothalamic-



25 

 

pituitary-adrenocortical (HPA) axis. While the initial release of cortisol and other hormones is 

viewed as adaptive by slowly digestion and breaking down metabolic compounds in order to 

quickly produce energy, cortisol remains elevated the longest amount of time in the body.83 This 

has been replicated over decades of research demonstrating that repeated activation of the HPA 

pathway is harmful to health. The proposed mechanism, increased inflammation, has grave 

implications for multiple bodily systems, including, but not limited to, the skeletal muscle 

system.82,83 Indeed, higher levels of interleukin-6 (IL-6), interleukin-1 receptor (IL-1R) and 

tumor necrosis (TNF) and C-reactive protein (CRP), all primary markers of an elevated 

inflammatory state, have been found to be associated with reduced muscle strength.84,85 Based on 

the disproportionate burden of stressful life events experienced by Black men and women 

relative to Whites and Hispanics in our study, we would anticipate that the physiologic wear and 

tear or “weathering”86 could be a salient mechanism leading to impaired muscle strength in later 

life.  

While considering the individual-level, physiologic mechanisms by which stressful 

events “get under the skin” and leads to steeper declines in muscle strength, this is only a partial 

explanation of the findings observed in this study. Indeed, previous scholars have noted that 

while accounting for non-social factors is valuable, doing so “should not preclude consideration 

of the integral, often antecedent ways racialization may condition disease and distributions”.87,88 

Previous research on the social determinants of health, coupled with recent calls to incorporate 

Critical Race Theory into the realm of health disparity research,89,90 provide a clear rationale for 

looking at macro, upstream factors to understand the structural contributors to the racial/ethnic 

disparities in muscle strength observed in this study.  
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One of the primary structural drivers of the racial and ethnic disparities observed in 

health operates through structural racism. Structural racism, defined as “the macro-level systems, 

social forces, institutions, ideologies, and processes that interact with another to generate and 

reinforce inequities among racial and ethnic group”91 has insidious consequences for health.88 A 

growing body of research has documented how the consequences of structural racism shape 

social and economic inequities that are largely produced along racial and ethnic lines.57,92,93 The 

insidious effects of structural racism on health are multidimensional and far reaching by 

simultaneously restricting access to a myriad of domains that include, but are not limited to, 

health-promoting resources such was wealth, income, safe neighborhoods, quality education and 

healthcare, as well as maintaining a system where socially marginalized groups lack the basic 

and essential resources needed to prevent and treat diseases.94–96  

In this study, Black men and women were more likely to positively endorse items 

pertaining to experiences of major lifetime discrimination, a pervasive symptom of structural 

racism. For example, Black men were more likely to experience being denied a bank loan (20% 

compared to 6% of White and 10% of Hispanic men), prevented from moving into a 

neighborhood because the landlord or realtor refused to sell or rent you a house or apartment 

(12% compared to 1% of White and 2% Hispanic men) and unfairly stopped, searched, 

questioned physically threatened or abused by the police (34% compared to 10% of Whites and 

19% of Hispanic men). These differences were also observed in Black women with 14% 

reporting being denied a loan (5% of White and 6% of Hispanic women), 9% reporting not being 

able to move into a certain neighborhood (1% of Whites and 2% of Hispanic women) and 11 

percent endorsing unfair treatment by the police (3% of Whites and 4% of Hispanic women). We 

did not find differences in the grip strength trajectories by stress for White men or women. This 
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may be due to the fact that when Whites experience unfair treatment, they are more likely to 

interpret the unfair treatment as an individual and not due to their particular group membership.97 

In connecting the distal and proximal pathways stated above, we believe that the 

disparities observed in this study are the result of a larger structural-physiologic pathway 

whereby entrenched macro-level forces of structural racism that operate through stressful 

experiences of discrimination, stress and trauma, lead to chronic activation of the HPA axis, 

which in turn lead to a wear and tear on the body, that produce declines in muscle strength for 

Black men and women in later life.  

Consistent with a life course approach, we sought to examine whether the timing of when 

stressful and traumatic events occurred matters in preserving muscle strength in older age. We 

found that when trauma and stress were experienced during the emerging/early adulthood period, 

a life stage rooted in distinct transitions and the establishment of key social roles,29,49 muscle 

strength was compromised in later life. In other words, trauma and stress experienced during 

emerging/early adulthood was associated with a faster decline in muscle strength compared to 

those who did not experience any traumatic or stressful events during this same period. 

Therefore, our results suggest that emerging/early adulthood may prove to be “critical period” in 

which excess exposure to stress and trauma may have far reaching and adverse consequences for 

muscle strength compared to other time periods, particularly for Black men and women. Our 

findings are consistent with past work that has found emerging/early adulthood to be a critical 

period for health outcomes in later life. For example, Clarke & Wheaton found that 

consequences of neighborhood poverty and unemployment experienced during the 

developmental period of adulthood (23-38 years of age), compared to other life stages, was 

linked to higher levels of depression in later life.98    
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A major finding in this study is that the consequences of trauma and stress were 

experienced differentially with regard to muscle strength in later life. Specifically, Black men 

and women were disproportionately impacted as steeper declines in grip strength were observed 

for both men and women on account of earlier negative events compared to those did not 

experience stressful and traumatic life events during emerging/early adulthood. Although men 

who experienced one traumatic or stressful event during emerging/early adulthood had higher 

grip strength by the time they reached age 50, this reserve quickly eroded over time such these 

same Black men and women who had experienced stress and trauma earlier in the life course had 

markedly lower grip strength in later life compared to their non-exposed peers. Moreover, the 

grip strength declines observed in this study among Black men were also notable relative to the 

longitudinal changes in White men. In extrapolating our findings, we found that by age 80, the 

grip strength profile of a Black men who had experienced no stressful/traumatic events during 

emerging/early adulthood looked similar to White men who had experienced 2 or more 

stressful/traumatic events, opposite of what we could expect.   

The question as to why experiencing stress and trauma would be especially consequential 

for Black men during emerging/early adulthood with respect to their later life grip strength is not 

fully understood. However, research suggests that racial disparities in health are rarely the result 

of sudden changes in health in later life but rather the byproduct of a long-standing, cumulative 

process subject to larger structural systems of racialization.39,70 In other words, the differential 

vulnerability observed in this study is not due to biological differences, but rather a consequence 

of one’s social context. Through this lens, being exposed to major life stress and trauma during 

emerging/early adulthood, the time in which the establishment of one’s career, marriage, and 

parenting becomes of critical importance to future income, earnings and health status may lead to 
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a particularly devastating consequences for Black men. That is, Black men who lack the 

resources and opportunities to rebound and recover due to structural factors may experience far 

reaching effects due to stress and trauma.70 It would follow that the stress Black men experience 

associated with trauma has the potential to derail and limit future opportunities, above and 

beyond experiencing the same events at a different point later in the life course and it is this 

heightened vulnerability that may compromise health in later life, and in this case, muscle 

strength.  

This study has several strengths. First, to the best of our knowledge, this is the first study 

to investigate the association between stress and trauma and its consequences of muscle strength 

in older age in a racially/ethnically diverse sample of older adults. Second, the results of were 

obtained in a nationally representative sample of adults and can therefore be generalized to 

community-dwelling Black, White and Hispanic adults aged 50 years and older living in the 

United States. Third, we used data that considered not only what type of stressor was 

experienced but at what point in the life course it occurred. This enabled us to apply a life course 

approach in our inquiry of how stress and trauma impacts later life muscle strength. Previous 

studies documenting how early life exposures impact later life health have been largely been 

relegated to examining childhood exposures (i.e., maternal education) due to limits in the 

assessment of life course social experiences. Lastly, a major strength of this study was our ability 

to examine whether muscle strength trajectories differ by race/ethnicity and gender. Past work 

examining longitudinal changes in grip strength have largely focused on White populations.1,7 

Given the rapidly changing demographic makeup of older adults in the United States,99 

understanding how muscle strength changes over time across a variety of groups is essential in 
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delaying or preventing the onset of disability, physical functioning limitations in order to 

maximize independence in older age.  

Despite these strengths, this study is not without limitations. First, participants were 

asked to retrospectively recall their exposure to stressful and traumatic events throughout the life 

course. Thus, participants had to rely on their memory of when certain events took place, which 

may be subject to recall bias especially if events that occurred earlier in one’s life history may be 

more difficult to recall. Despite this potential limitation, previous research has found that when 

individuals are asked to recall the timing of past traumatic events, they do so with reasonable 

accuracy.100 For example, in one study, participants were prospectively assessed via self-report 

as to when they experienced childhood communicable diseases, accident, hospitalizations, 

surgeries and other illnesses, and by age 50, 85% of the these events were correctly recalled.101  

Second, as with any longitudinal study of older adults, we cannot overlook the potential 

for selective survival bias in our sample, particularly among older Black and Hispanic men. 

Previous research estimates that in the HRS, only 40 percent of Black men born between 1931 

and 1941 live to age 60.102 Additionally, because this study did not include those whom are 

homeless or incarcerated, the results presented in this study a likely an underestimate of the true 

association since those who were not enrolled/died before age 50 are likely to be the most 

disadvantaged. Lastly, we were unable to adequately adjust for both mediators and confounders 

as many of the hypothesized mediators in this study could also be considered time-varying 

confounders. Future work in this area should consider other analytic techniques that can 

accommodate both mediator-confounders in order to obtain controlled estimates that are able to 

tease apart the independent effects of mediator and confounding in a longitudinal setting.  
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The results of this study underscore the importance of considering how structural systems 

of inequality, as experienced through life course exposure to stress and trauma, lead to steeper 

declines in muscle strength, particularly among older Black men and women. Moreover, we 

believe these findings are a call to action for future research in this area by focusing less on 

individual-level risk factors of muscle strength in older life and begin placing greater emphasis in 

the inquiry of how one’s social context shapes trajectories of muscle strength as adults age over 

time.  
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Table 1A Baseline descriptive statistics for Men in the Health and Retirement Study, N=8,847 

(2006-2014). 

 
Black Men White Men 

Hispanic 

Men 

 (n=1506) (n=6200) (n=1127) 

Variable 
Mean* (SD) 

Mean* 

(SD) 
Mean* (SD) 

Age (in years) (range 46-99) 61.1 (9.0) 63.5 (10.3) 61.1 (8.9) 

Grip Strength (kg) 42.1 (10.1) 43.6 (9.8) 39.8 (9.2) 

Chronic Conditions (Range: 0-8) 1.9 (1.5) 1.8 (1.5) 1.7 (1.4) 

Body Mass Index (kg/m2) 28.6 (5.5) 28.5 (5.1) 29.2 (5.1) 

  %* %* %* 

Education    

<HS 57.7 41 71.8 

≥ HS 42.3 59 28.2 

Physical Activity    

Inactive/Sedentary 16.9 14.7 15 

Active 83.1 85.3 85 

Smoking    

Current 19.1 13.5 14.6 

Former 46 48.7 49.1 

Never 34.8 37.8 36.4 

Traumatic Events Across Life Course  

(range 0-11) 
   

0 24.5 22.3 24 

1 21.3 26.8 25.2 

2 21.2 21.4 18 

3 13.2 14.8 13.4 

4 11.2 7.9 8 

5+  8.6 6.8 10.8 

Stressful Events Across the Life Course  

(range 0-11) 
   

0 30 44 40.5 

1 22 23.2 23.5 

2 15.7 13.6 14.1 

3 10.5 9.2 8.6 

4+ 21.8 10 13.4 

Traumatic Events Across Life Stages   
 

Early childhood trauma (0-17 years)    

0 50.3 53.2 49.6 

1 30.3 29.9 29.8 

2 14 12.2 13,8 

3+ 5.5 4.8 6.8 

Emerging adulthood trauma (18-42 years)    



33 

 

0 69.3 69.3 69.4 

1 21.4 21.8 22.8 

2 6.9 6.9 6.5 

3+ 2.5 2.1 1.3 

Midlife trauma (43-67 years)    

0 68 65.8 68.1 

1 21.2 24.4 19.5 

2 7.2 7.4 9.1 

3+ 3.6 2.4 3.3 

Stressful Events Across Life Stages    

Emerging adulthood stress (18-42 years)    

0 70.4 80.4 82.8 

1 17.7 14.2 9.6 

2 7.7 4.4 6.2 

3+ 4.2 1 1.4 

Midlife stress (43-67 years)    

0 60.7 68 63.5 

1 20.6 17.2 19.2 

2 9.6 7.3 8.5 

3+ 9 7.4 8.7 

*Weighted mean and percentages       
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Table 2A Growth curve models for hand grip strength in Men in the Health and Retirement Study (N=8,847), 2006-2014. 

  

Unconditional 

Growth 

Model 

+Race/ 

Ethnicity 

+ Trauma in 

Emerging/Early 

Adulthood  

+Trauma and 

Education 

 Stress in 

Emerging/Early 

Adulthood 

+ Stress 

and 

Education 

 Model A Model B Model C Model D Model E Model F 

Intercept 48.58*** 50.27*** 50.39*** 50.63*** 50.64*** 50.89*** 

Race/Ethnicity       

Blacks  -3.56*** -3.39*** -3.26*** -3.89*** -3.38*** 

Hispanics  -4.89*** -4.67*** -4.43*** -5.13*** -4.88*** 

Education       

≤HSa    -0.71***  -0.701*** 

Traumatic Events   -0.013 -0.024   

Trauma*Black   1.7** 1.66**   

Trauma*Hispanic   -4.67*** -0.412   

Stressful Events     -.764** -0.779*** 

Stress*Black     2.42*** 2.40*** 

Stress*Hispanic     1.09 1.04 

              

Rate of Change       

Age -0.308*** 
-

0.339*** 
-.34*** -.336*** -.347*** -.342*** 

Age2 -.007*** -.007*** -0.007*** -.007*** -.007*** -.007*** 

Race/Ethnicity       

Blacks*Age  0.024 -0.004 -0.004 0.009 0.009 

Blacks*Age2  0.002 0.002 0.003 0.002 0.002 

Hispanics*Age  -0.09 -0.082 -0.086 -0.061 -0.066 

Hispanics*Age2  0.003 0.032 0.002 0.002 0.002 

Traumatic Events       

Trauma*Age   0.007 0.007   

Stressful Events       

Stress*Age     0.016 -0.014 
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Trauma & Race/Ethnicity       

Trauma*Black*Age   -.08** -.081**   

Trauma*Hispanic*Age   0.032 0.031   

Stress & Race/Ethnicity       

Stress*Black*Age     -.063* -.062* 

Stress*Hispanic*Age     -0.023 -0.021 
       

       

Goodness-of-Fit Statistics       

BIC 167264.4 166857.7 145419.7 14515.1 14.5549.7 145545.2 

Within Person Variance 13.04 13.01 13.25 13.25 13.25 13.26 

Pseudo R2  0.23 0.02 0.02 0.02 0.02 

* p<.05  
 

 
   

** p<.01       

*** p<.001        

a Reference is High School degree or higher       
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Figure 1.  Grip strength growth curve trajectories for Men by Race/ethnicity in the Health and Retirement Study (N=8,847), 2006-

2014. 
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Figure 1. Grip strength growth curve trajectories for Men by Race/ethnicity and Levels of Traumatic Events in the Health and 

Retirement Study (N=8,847), 2006-2014. 
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Figure 2. Grip strength growth curve trajectories for Men by Race/ethnicity and Levels of Stressful Events in the Health and 

Retirement Study (N=8,847), 2006-2014. 
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Table 1B Baseline descriptive statistics for Women in the Health and Retirement Study (N=11,624), 2006-

2014. 

 

Black  

Women 

White 

Women 

Hispanic 

Women 

 (n=2,354) (n=7,797) (n=1,458) 

Variable Mean* (SD) Mean* (SD) Mean* (SD) 

Age (in years) (range 46-99) 62.4 (9.6) 65.2 (10.7) 62.2 (9.4) 

Grip Strength (kg) 27.1 (6.9) 25.7 (6.5) 24.1 (5.9) 

Chronic Conditions (Range: 0-8) 2.2 (1.4) 1.8 (1.4) 1.8 (1.4) 

Body Mass Index (kg/m2) 31.5 (7.3) 27.8 (6.2) 29.6 (6.4) 

  %* %* %* 

Education     

<HS 57.3 48.6 77 

≥ HS 42.8 51.4 23 

Physical Activity    

Inactive/Sedentary 26.9 19.8 23.4 

Active 73.1 80.2 76.6 

Smoking    

Current 14.2 12.5 9.1 

Former 36.8 37.6 35.2 

Never 49 49.9 55.7 

Traumatic Events Across Life Course 

(range 0-11) 
   

0 28.2 26 29.5 

1 22.6 28 21.7 

2 18.4 20.2 20.5 

3 15.8 13.1 15 

4 7.3 7.4 6.6 

5+  7.7 5.3 6.8 

Stressful Events Across the Life Course 

(range 0-11) 
   

0 40.3 55 51.5 

1 22.2 21.5 22.1 

2 14.2 11.5 12.2 

3 10.2 6.4 7.3 

4+ 13.2 5.6 7 

Traumatic Events Across Life Stages   
 

Early childhood trauma (0-17 years)    

0 66.4 63.6 60.2 

1 23.5 25.6 27.9 

2 8.1 7.9 9.3 

3+ 2 2.9 2.6 

Emerging adulthood trauma (18-42 years)    

0 73.2 74.5 64.4 
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1 19 18.4 24.2 

2 6.5 5.2 8.7 

3+ 1.3 1.8 2.8 

Midlife trauma (43-67 years)    

0 66 64.4 70.3 

1 24.7 24.1 20.2 

2 7.2 8.7 6.1 

3+ 2 2.8 3.3 

Stressful Events Across Life Stages    

Emerging adulthood stress (18-42 years)    

0 82.2 87.8 90.8 

1 12.7 9.3 7.6 

2 3.3 2.1 1.1 

3+ 1.8 0.8 0.5 

Midlife stress (43-67 years)    

0 65.4 74.8 74.8 

1 18.7 13.7 11.5 

2 8.4 5.9 8 

3+ 7.5 5.6 5.7 

*Weighted percentages    
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Table 2B Growth curve models for handgrip strength in Women in the Health and Retirement Study (N=11,624), 2006-2014. 

 

  
Unconditional 

Growth Model 
+Race/Ethnicity 

+ Trauma in 

Emerging/Early 

Adulthood  

+Trauma and  

Education 

 Model A Model B Model C Model D 

Intercept 29.84*** 30.47*** 30.68*** 31.91*** 

Race/Ethnicity     

Blacks  -0.443 -0.131 -0.072 

Hispanics  -3.38*** -3.59*** -3.42*** 

Education     

≤HSa    -.566*** 

Trauma During Emerging Adulthood    -0.077 0.108 

Trauma*Black   -0.661* -0.689* 

Trauma*Hispanic   0.009 0.001 

          

Rate of Change     

Age -0.196*** -0.238*** -.246 -.247*** 

Age2 -.004*** -.003*** -.003 -.003*** 

Race/Ethnicity     

Blacks*Age  .110*** .117*** .113*** 

Blacks*Age2  .002** -.002** -0.002* 

Hispanics*Age  0.094** .139*** .129** 

Hispanics*Age2  -0.001 -0.003** -.003* 

Trauma Events     

Trauma*Age   -0.077 0.001 

Trauma & Race/Ethnicity     

Trauma*Black*Age   0.026 -.027 

Trauma*Hispanic*Age   -0.013 -0.013 
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Goodness-of-Fit Statistics     

BIC 199489.7 199196.4 179686.7 179688.6 

Residual 6.354 6.352 6.47 6.48 

Pseudo R2  0.00 0.02 0.02 
     

     

* p<.05  
 

 
 

** p<.01     

*** p<.001      

a Reference is High School degree or higher     
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Figure 3. Grip strength growth curve trajectories for Women by Race/ethnicity in the Health and Retirement Study (N=11,624), 2006-

2014. 
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Figure 4. Grip strength growth curve trajectories for Women by Race/ethnicity and Levels of Stressful Events in the Health and 

Retirement Study (N=11,624), 2006-2014. 
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Supplemental Table 1A. Traumatic Life Event Questions from the HRS Participant 

Leave-Behind Questionnaire  

For each of the following events, please indicate whether the event occurred AT ANY 

POINT IN YOUR LIFE. If the event did happen, please indicate the year in which it 

happened MOST RECENTLY. (Mark (X) one box for each line. If "Yes", indicate which 

year.) 

1. Has a child of yours ever died? 

2. Have you ever fired a weapon in combat or been fired upon in combat? 

3. Has your spouse, partner, or child ever been addicted to drugs or alcohol? 

4. Have you ever been in a major fire, flood, earthquake, or other natural disaster? 

5. Did you ever have a life-threatening illness or accident? 

6. Were you the victim of a serious physical attack or assault? 

7. Did your spouse or a child of yours ever have a life-threatening illness or 

accident? 

 

 

For this next set of events, please think about your childhood growing up, BEFORE YOU 

WERE 18 YEARS OLD. (Mark (X) one box for each line.)  

 

8. Before you were 18 years old, did you have to do a year of school over again? 

9. Before you were 18 years old, did either of your parents drink or use drugs so 

often that it caused problems in the family? 

 

10. Before you were 18 years old, were you ever physically abused by either of your 

parents? 

11. Before you were 18 years old, were you ever in trouble with the police? 
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Supplemental Table 1B. Stressful Life Event Questions from the HRS Participant Leave-

Behind Questionnaire. 

For each of the following events, please indicate whether the event occurred AT ANY 

POINT IN YOUR LIFE. If the event did happen, please indicate the year in which it 

happened MOST RECENTLY. (Mark (X) one box for each line. If "Yes", indicate which 

year.) 

1. At any time in your life, have you ever been unfairly dismissed from a job? 

2. Have you ever been unfairly denied a promotion? 

3. Have you ever been unfairly prevented from moving into a neighborhood because 

the landlord or a realtor refused to sell or rent you a house or apartment? 

4. For unfair reasons, have you ever not been hired for a job? 

5. Have you ever been unfairly stopped, searched, questioned, physically threatened, 

or abused by the police? 

6. Have you ever been unfairly denied a bank loan? 

Now please think about the LAST 5 YEARS and indicate whether each of the events 

below occurred. If the event did happen, please indicate the year in which it happened 

MOST RECENTLY. (Mark (X) one box for each line. If "Yes", indicate year.) 

7. Have you involuntarily lost a job for reasons other than retirement at any point in 

the past five years? 

8. Was anyone else in your household unemployed and looking for work for longer 

than 3 months in the past five years? 

9. Have you moved to a worse residence or neighborhood in the past five years? 

10. Have you been unemployed and looking for work for longer than 3 months at 

some point in the past five years? 
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11. Were you robbed or did you have your home burglarized in the past five years? 
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