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Abstract 

Objective:  Determine how fundamental causes of disease, especially race, get ‘underneath the 

skin.’ What is going on, at the biological level, which can help us understand persistent 

disparities in health?   

 

Methods:  Using the National Social Life, Health, and Aging Project (NSHAP) data, a study of 

older Americans aged 57-85, this study examines the link between race and C-reactive Protein 

(CRP).   

 

Results:  

Gender plays a critical role in explaining racial differences in CRP.   While socioeconomic 

position better explains higher levels of CRP among Black men as compared to White men, 

healthy behaviors better explain higher levels of CRP among Black women as compared to 

White women.   These findings are also striking, however, because of the strength of these racial 

differences and the relatively small explanatory power of generally powerful socioeconomic and 

healthy behavior mediators.     
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Discussion: Remaining race differences in CRP signal the need for research to examine 

mediators like discrimination.  But this study makes clear that the pathways mediating race 

differences in CRP are different for men and women. Focusing on biological disease risk 

markers, such as CRP, provides a promising pathway to understand how social factors get ‘under 

the skin’, clarifying the links between social and biological phenomena.   
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Introduction 

Race, class, and gender disparities in health have been persistent over historical time and 

over the individual life course leading social epidemiologists to argue that they are ‘fundamental’ 

causes of health (Link and Phelan 1995).  Racial disparities in cardiovascular mortality, for 

example, have been rising over the latter half of the 20th century (Wyatt et al. 2005).  Further, 

class and gender play critical roles in shaping race disparities.  Race disparities in morbidity and 

mortality, in part, are a product of socioeconomic differences between Blacks and Whites.  Race 

differences also vary by gender.  For example, race differences are larger among women as 

compared to men for outcom4es like cardiovascular mortality and associated behavioral risk 

factors like obesity (Winkleby 1998).   

But how do these fundamental causes, especially race disparities, get ‘underneath the 

skin?’ What is going on, at the biological level, which can help us understand persistent 

disparities in health?  How do the social and biological connect?  One promising pathway to 

understanding how racial disparities get underneath the skin is to focus on biological risk factors 

for disease.  One such marker is C-reactive protein (CRP), a marker for inflammation. 

Inflammatory markers are an especially logical place to start given their association with 

cardiovascular disease, which is strongly patterned by race and is responsible for killing nearly 1 

in 3 Americans (CDC 2010).   

Using the National Social Life, Health, and Aging Project (NSHAP) data, a study of 

older Americans aged 57-85, this study examines the link between race and CRP.  Because 

higher levels of CRP are correlated not only with existing problems, but also predictive of future 

disease, we are interested in exploring differences amongst those with similar existing health 

profile.  Do Blacks have higher levels of CRP, controlling for existing health problems, as 

compared to Whites?  If so, this indicates that Blacks are at a higher risk of developing new 
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health problems, especially cardiac problems.  To what extent do socioeconomic and behavioral 

risk factors help explain race differences in CRP levels?   And do race differences, and the 

importance of socioeconomic and behavioral risk factors in explaining race differences, vary by 

gender?  We find race differences remain even after controlling for socioeconomic position 

(SEP) and a range of behavioral risk factors. But there are important gender differences.  While 

SEP helps explain higher levels of CRP among Black men as compared to White men, healthy 

behaviors better explain higher levels of CRP among Black women as compared to White 

women.   What is also striking about these findings is the strength of these racial differences and 

the relatively small explanatory power of generally powerful socioeconomic and healthy 

behavior mediators.     

 

Fundamental Causes and Biological Pathways of Disease 

Persistent health and mortality disparities by race have led social scientists to argue that 

race is a ‘fundamental cause’ of health (Link and Phelan 1995).  Racial disparities in disease 

have been consistent and even growing over historical time.  For example, while cardiovascular 

disease mortality has been rapidly declining since the 1950s, Whites have had disproportionate 

improvements as compared to Black Americans (Wyatt et al. 2005).   Black Americans have 

simply not benefited as much as have White Americans from innovations to prevent and treat 

heart disease that emerged over the latter half of the twentieth century.  Indeed, racial disparities 

in cardiovascular mortality were higher in the 1990s than they had been in the 1950s (Wyatt et 

al. 2005).  This is also true for diabetes; the gaps are larger today than they were over 60 years 

ago (Wyatt et al. 2005).  Racial differences also persist across the life course, even as different 

disease risks emerge across the life course. For example, Blacks have higher infant mortality, but 
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also a higher risk for later life diseases such as diabetes and hypertension (Williams and Collins 

1995).  

Indeed, current evidence indicates persistent racial disparities across multiple disease 

categories.  This is especially true for cardiovascular disease, hypertension, strokes and diabetes 

(Gorelick 1998). For example, Black Americans have twice the risk for cardiac arrest, and 

compared to Whites are less likely to survive the arrest (Becker et al. 1993).  Further, stroke rates 

are twice as high among Black Americans as compared to Whites (Gorelick 1998).  There is 

some evidence that part of this difference is due to differences in modifiable behaviors.  For 

example, Blacks are at disproportionate risk for obesity, limited physical activity, and smoking 

(Wang and Beydoun 2007; Brownson et al. 2000; Winkleby et al. 1998).  These behaviors, in 

turn, are especially predictive of cardiovascular diseases, strokes, hypertension and diabetes.   

But, fundamental causes, especially race, class, and gender also interact with each to 

produce particular patterns of disease.  Indeed, racism, especially as it operates to shape SEP, is 

at the heart of the explanation for why race operates as a fundamental cause for disease (Wyatt et 

al. 2005).  Historical and current institutional racism, present in the labor market, educational 

system, and even the housing sector, have shaped persistent socioeconomic differences between 

Blacks and Whites (Wilson 1987).  These socioeconomic differences, in turn, have shaped health 

and mortality differences, partially via behavioral risk factors like obesity and physical inactivity 

(Lantz et al. 1998; Herd 2006; Herd et al. 2007).  Ultimately, SEP plays an important, often 

dominant role, in explaining race differences in health (Hayward et al. 2000).  

But sometimes race disparities remain even after accounting for SEP and behavioral risk 

factors. For example, in many instances, adverse cardiovascular outcomes are observed in 

African-American women even after taking into account the effects of SEP, access to care, 

disease status, and behavioral risk factors (Jha et al. 2003). Among older people, race differences 
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in cardiovascular disease remain even after controlling for SEP (Rooks et al. 2002).  One 

hypothesis for these unexplained race differences is racial discrimination.  Indeed, there is an 

emerging literature documenting that discrimination may directly affect health by causing stress 

(Friedman et al. 2009).   

Gender also plays an important role in understanding racial and socioeconomic 

disparities in disease.  Some disparities appear to be particularly acute for African American 

women.  For example, the Jackson Heart Study (JHS), found that age adjusted cardiovascular 

mortality rates for African American women were 75% higher than in European American 

women compared to 47% higher in African American men than in European American men.  In 

addition, the Black surplus in prevalence of coronary heart disease over Whites is larger among 

women than among men (Taylor et al. 2005).   

Behavioral risk factors also vary importantly across gender and race groups.  For 

example, Gallant and Dorn (2001) find race differences in obesity rates among women, with 

higher rates for Black women, but not among men. In general, Black women have substantially 

higher behavioral risk factors, such as obesity and physical inactivity, for cardiovascular disease 

as compared to White women (Winkleby 1998).   

 But how do these fundamental causes, specifically racial disparities, get ‘underneath the 

skin?’ What is going on, at the biological level, which can help us understand persistent racial 

disparities in health? One promising pathway to understanding how racial disparities get 

underneath the skin is to focus on biological markers for disease.  One such marker is C-Reactive 

Protein (CRP), an acute phase protein that is considered a marker for systemic inflammation.  

And if we want to understand how racial disparities get under the skin, inflammatory markers are 

a logical place to start. Inflammatory proteins are strongly associated with cardiovascular 

disease, which kills nearly 1 in 3 Americans (CDC 2010).  And as already noted, cardiovascular 
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disease is strongly patterned by race. CRP predicts increased risk of later cardiovascular events 

in healthy individuals as well as increased risk of mortality in patients with a history of 

cardiovascular disease (Abraham et al. 2007; Bermudez et al. 2002; Tracy et al. 1997; Verma et 

al. 2005; Willerson and Ridker 2004). Indeed there is a sufficiently strong link between CRP and 

later cardiovascular disease, especially in women, that limited clinical screening for CRP levels 

is now recommended (Mitka 2003). Importantly, in many studies this marker independently 

predicts cardiovascular disease above and beyond traditional risk factors (Verma et al. 2005; 

Abraham et al. 2007; Ridker et al. 2000; Stork et al. 2006).  

 To date, however, there is limited research exploring how risk factors (especially gender, 

class, and behavioral factors) vary and interact to mediate the relationship between race and CRP 

levels.  The research, has, however, demonstrated that race, gender, and SEP separately predict 

CRP levels (Alley et al. 2005; Friedman and Herd 2010; Lubbock et al. 2005; McDade et al. 

2010).  For example, McDade and colleagues (2010) employed NSHAP data to explore whether 

race and class independently predict CRP levels, but they did not explore how these patterns 

varied by gender. Further, these analyses only controlled for health measures (such as chronic 

conditions) in the final model.  Thus, for example, when they examined how the introduction of 

socioeconomic variables affected racial variation, they did not account for variation across race 

groups in current chronic conditions and existing health problems.  

Consequently, this study focuses on three key research questions.  First, baseline analyses 

explore whether Blacks have higher levels of CRP, controlling for existing health problems, as 

compared to Whites.  If so, this indicates that Blacks are at a higher risk of developing new 

health problems, especially cardiac problems.  Next, to what extent does SEP explain race 

differences in CRP levels amongst those with similar health profiles?   And to what extent do 

behavioral risk factors explain race differences in CRP levels, after controlling for SEP, amongst 
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those with similar health profiles?  Finally, do race differences, and the importance of 

socioeconomic and behavioral risk factors in explaining race differences, vary by gender?     

 

Methods 

Data  

Collected from summer 2005 to spring 2006, the National Social Life, Health, and Aging 

Project  (NSHAP) is a nationally representative study of non-institutionalized older adults aged 

57 to 85.  The NSHAP data contains information on the demographic characteristics; romantic, 

sexual, and social relationships; and physical and mental health—including biomarkers—of 

3,005 American men and women aged 57 to 85. The final response rate was 74.8% 

(O’Muircheartaigh, Eckman, and Smith 2009). Most data were collected in an in-home 

interview. Data were also collected via take-home questionnaire that respondents completed and 

mailed back to researchers.  

The NSHAP sample was chosen from a multistage area probability design selected by the 

Institute for Social Research (ISR) for the Health and Retirement Study (HRS) 

(O’Muircheartaigh et al. 2009). NSHAP selected 4,400 possible respondents from the HRS 

sample surplus (O’Muircheartaigh et al. 2009). NSHAP oversampled Blacks and Latinos and 

balanced age and gender subgroups (O’Muircheartaigh et al.  2009). Appropriate weights are 

used in analyses to account for oversampling and non-response.  

Measures 

Outcome 

C-reactive protein (CRP) was obtained in NSHAP via blood spot samples, which were 

collected on filter paper (Williams & McDade, 2009).  The samples were processed in the 

Laboratory for Human Biology Research at Northwestern University.  This method of CRP data 
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collection has been shown to be precise and reliable (McDade et al. 2004).   Among the 2032 

respondents who provided samples, 95% had usable samples.   

Covariates 

Demographics:  Race is based on self reported data.  We classified respondents as 

Black/non-Hispanic, White non-Hispanic, Hispanic, and other.  The “other” category was 

comprised of individuals from multiple groups whereby there was not a large enough sample to 

do separate analyses.  We employ both age and age squared terms to explore the non-linear 

relationship between age, race, and CRP, however, final analyses employ only an age centered 

(at age 68) term.  Sex is male or female.   

SEP:  We employed three measures of SEP.  The first measure is educational attainment.  

Respondents were asked their highest completed degree.  Based on this information we created 5 

categories: no high school degree, high school degree, some college, college, and graduate 

degree.  We also included a measure of income.  Income includes pre-tax household income 

from wages, pensions, social security, and government assistance. Income was treated as a 

continuous variable in analyses examining linear associations between income and CRP. 

However, results from earlier studies have shown that low income groups, but not moderate 

income groups, had significantly higher levels of inflammatory markers compared to high 

income groups. To allow for such non-linear associations we also stratified the sample into 

income quintiles. The income ranges that corresponded to each quintile were: Q1: $17,838 or 

less; Q2: $17,839 – $35,037; Q3: $35,038 – $50,161; Q4: $50,162 – 76,809; Q5: $76,810 or 

more. Each quintile was dummy-coded and included in statistical analyses with the bottom 

quintile serving as the referent.  Because there was significant numbers of missing data on 

income, we employed multiple imputation to impute 359 of 1541 cases income values.  Multiple 
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imputation is a better strategy for missing data issues than stepwise deletion because it reduces 

concerns about selection that could bias the findings (Rubin 2004). 

Physical Health:  Physical health status was assessed using self-reported measures. There 

are a number of diseases particularly linked to inflammation.  Thus, we included a range of the 

most relevant health measures.  Participants were classified as having high blood pressure or 

hypertension, diabetes or high blood sugar if they reported that a medical doctor had ever told 

them they had these conditions.  Individuals are classified with heart disease if they report ever 

having a heart attack, ever being treated for heart failure, or having had an operation to unclog or 

bypass the arteries in your legs.  Further, we include a control for general self assessed health. 

Respondents answered the following question “How would you rate your physical health: 

excellent, very good, good, fair, or poor?”  Self reported general health appears to capture much 

of the health related variation in CRP.  Sensitivity analyses included a broader range of health 

conditions, including a Center for Epidemiological Studies 11-item depression scale , but the 

findings did not vary from the findings presented here and the inclusion of all health measures 

started to introduce issues with multicollinearity.   

Prescription Drugs:  Many drugs, both prescription and over-the-counter, including 

antihypertensive, cholesterol-lowering, and anti-depressant, have been shown to have anti-

inflammatory properties (Jaim and Ridker 2005; Kenis and Maes 2002; Pradhan et al. 2002; 

Ridker et al. 1999).  Further, steroid medications, particularly as part of a hormone replacement 

regimen, have been shown to increase CRP levels. Dummy coded variables indicating current 

use of these medications were included in all analyses.  Specifically, we included measures for 

cholesterol absorption inhibitor medication, combination antihyperlipidemic medication, 

estrogens, progestin, nonsteroidal anti-inflammatories, steroids, and antidepressants.  These 
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drugs were categorized using the Multum Drug Database: Lexicon Plus version (Qato et al., 

2008).   

Healthy Behaviors:  Height and weight were used to calculate body mass index (BMI; 

weight in kilograms divided by the square of height in meters). We also included smoking 

measures, which capture whether the respondent is a current smoker, former smoker, or never 

smoked.  Finally, we include measures of physical activity.  These include little exercise (fewer 

than four times per month) moderate (1-2 times per week) heavy (3 or more times per week). 

Table 1 presents descriptive statistics on the dependent variable and covariates. 

[Insert Table 1 Here] 

Analytic Techniques 

The relationship between C-reactive protein and socioeconomic status, race/ethnicity, and 

gender was examined using ordinary least-squares regression, which included weights and 

statistical adjustments for the NSHAP sample frame (O’Muircheartaigh, Eckman, and Smith 

2009). Because C-reactive protein levels were highly skewed, values were log-transformed. Prior 

research (Pearson et al. 2003) suggests that plasma C-reactive protein levels greater than 10 

mg/L should be excluded. NSHAP collected C-reactive protein levels from dried blood spots. 

Different cut-off criteria for maximum C-reactive protein levels have been established for plasma 

versus blood spot samples (McDade, Burhop, and Dohnal 2004). A plasma level of 10 mg/L 

roughly corresponds to a blood spot level of 8.6 mg/L, so C-reactive protein levels greater than 

8.6 mg/L are excluded from the analytic sample (see McDade, Lindau, and Wroblewski 2010).     

The first set of analyses is conducted on the full sample to address two research 

questions.  First, are there race differences in CRP holding current health status constant?  Thus, 

model 1 includes gender, race/ethnicity, age centered at age 68, self-rated physical health, 

medications, and health conditions.  Second, what explains race differences in CRP levels?  
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Model 2 tests for the role of SEP by including income and education.  Model 2 also includes 

tests for race and gender and race and age interactions.  Model 3 tests for the role of healthy 

behaviors by including body mass index (bmi), smoking behavior, and exercise frequency.  

The second set of analyses breaks the sample down by gender and age (ages 57-74 and 

75-85).  Both prior research on CRP (Mitka 2003; McDade et al. 2010) and our own sensitivity 

analyses testing interaction terms, indicate that sub-analyses by gender and age are appropriate. 

Our own sensitivity analyses confirmed this given important gender and age variation in CRP 

levels.  Further, prior work using NSHAP, in addition to our own sensitivity analyses, indicate 

significant interactions between race, age and CRP levels (McDade et al. 2010).  At older ages, 

between 75 and 80, there is significant convergence in CRP levels between Blacks and Whites.  

This convergence is nearly universally consistent when examining race and morbidity and 

mortality trends across the life course (Johnson 2000).  It is generally assumed to be a function of 

mortality selection.  Blacks who survive to the oldest ages are relatively select compared to 

White survivors, hence the convergence in morbidity and mortality profiles (Johnson 2000).   

The second set of analyses aims to establish how the pathways mediating the relationship 

between race and CRP levels vary by gender and age.  Model 1 includes race, age, race and age 

interacted, self-rated physical health, medications, and health conditions to establish baseline 

race differences for women as compared to men.  Model 2 adds socioeconomic variables 

(education and income) to establish the extent to which SEP mediates the relationship between 

race and CRP for women as compared to men.  Model 3 adds body mass index (bmi), smoking 

behavior, and exercise frequency to test the extent to which these variables mediate the 

relationship between race and CRP levels differentially for men as compared to women.   

[Insert Table 2 Here] 

Results 
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 Amongst those with similar health profiles, including controls for prescription drug use, 

CRP levels are significantly higher amongst Blacks as compared to Whites in this sample of 

those aged 57 to 85 (Table 2, Model 1).  Black respondents had CRP levels 26 percent higher 

than comparable Whites.   But that variation is age graded (Table 2, Model 2).  At older ages 

(sensitivity analyses indicate above age 75-80), those differences become insignificant, both 

statistically and in terms of coefficient size (results shown in greater detail in Table 3).   In short, 

there is racial crossover in CRP levels amongst the oldest sample respondents.   This finding is 

robust given that NSHAP oversampled Blacks over age 80—though models are weighted to 

adjust for oversampling by race, among other characteristics. 

 But what explains these race differences among those with similar health profiles?  SEP 

and gender and race interactions play an important role (Table 2, Model 3). Compared to those 

without a high school degree, those with college degrees had CRP levels 19 percent lower and 

those with professional degrees had levels that were 31 percent lower. Further, there is an 

interaction between race and gender indicating that Black women had the highest CRP levels 

relative to other groups. The inclusion of both of these terms actually eliminates the relationship 

between race and CRP. 

 Risky health behaviors further impact racial variation in CRP (Table 2, Model 4).   The 

inclusion of BMI, physical activity, smoking patterns and alcohol consumption eliminate the 

gender and race interaction, but the basic race effect remerges to marginal statistical significance.  

Compared to Whites, Blacks have CRP levels that are 25 percent higher than Whites, although 

this difference is marginally significant. 

 Given the interactions between race and gender and age in Table 2, as well as prior 

research focused on CRP that indicates important race and gender variation in CRP levels (Mitka 
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2003), Table 3 breaks the analyses down by age (those over and under age 75) and by gender to 

get a clearer sense of how the relationship between race and CRP varies among these subgroups.   

[Insert Table 3 Here] 

 Table 3 demonstrates that race differences shrink significantly after age 75, but that these 

differences shrink more rapidly for men as compared to women.  Basic race differences in CRP 

are nearly identical in magnitude for women and men under age 75 (Model 1a and Model 1b), 

while the race differences are not significant for either women or men age 75-85 (Model 1c and 

Model 1d).  The difference in race coefficients over age 75 between men and women, however, 

is statistically significant (results not presented here).  In short, race differences shrink much 

more dramatically for men at older ages compared to women.   

 Models 2a-2d demonstrate that SEP is more important in explaining racial variation 

among men as compared to women.  Among women, the race difference actually increases 

slightly, once controlling for SEP.  SEP is not a significant predictor of CRP levels among 

women under age 75 (model 2a), though over age 75 the relationship between education and 

CRP is statistically significant (model 2c).  Higher educational attainment is correlated with 

lower CRP levels.   SEP, however, does not help explain why Black women have higher CRP 

levels as compared to White women.  Among men under age 75, the race coefficient shrinks by 

17 percent and becomes marginally significant (p<.10) (model 2b).  Further, the education 

coefficients are large and statistically significant for men among both those under and over age 

75, though the relationship is stronger for those under age 75.  Higher educational attainment is 

correlated with lower CRP levels. 

 Models 3a-3d demonstrate that healthy behaviors are more important in explaining racial 

variation among women as compared to men under age 75.  Among women under age 75, 

behaviors (BMI and smoking) explain 16 percent of the higher levels of CRP among Black 
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women as compare to White women (model 3a).  But the race coefficient remains relatively 

large and significant. Contrastingly, among men under age 75, while healthy behaviors are both 

significant predictors of CRP levels and help explain educational variation in CRP levels, they 

do not help explain the racial differences (model 3b).  Indeed, the race coefficient increases 

slightly in both size and significance once behaviors (BMI, exercise, and smoking) are included 

in the models.  Among women and men aged 75-85 (models 3c and 3d), race differences in CRP 

are not significant, though BMI is independently associated with CRP. 

Discussion 

This study lends new insights into how racial disparities in health get “underneath the 

skin.”  The findings emphasize the importance of gender and age in understanding race 

differences in a biological risk factor for disease.  In short, gender and age play an important role 

in explaining higher CRP levels amongst Black compared to White Americans aged 57 and older 

with similar health profiles. In particular, while SEP better explains higher levels of CRP among 

Black men as compared to White men, healthy behaviors better explain higher levels of CRP 

among Black women as compared to White women.   But what is also striking about these 

findings is the strength of these racial differences and the relatively small explanatory power of 

generally powerful socioeconomic and healthy behavior mediators.    

Similar to other studies focused on general age trends in racial health differences, we find 

diminishment in racial differences for this biological risk factor for disease at the oldest ages, but 

the patterning is different for men and women.  In short, there is significant convergence after 

age 75, especially for men.  For men, race differences in CRP levels not only converge over age 

75, but even reverse themselves, though the difference is not statistically significant.  

Contrastingly for women, race differences diminish over age 75, but women still have slightly 

higher levels, though the difference is not statistically significant.  It is unlikely that this 
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convergence is a cohort effect resulting from cross sectional data.  Indeed, racial differences 

should be larger in older cohorts given general improvements in economic well-being and 

declining discrimination for younger cohorts.   Healthy survivor selection likely plays a role in 

these declining differences at the oldest ages.  However, it is important to point out that the age 

at which black and white mortality rates converge does not vary between men and women.  

Whereas in our sample there is a large and significant gender difference in the age patterning of 

racial convergence in CRP levels.   

We find that SEP, particularly education, and healthy behaviors help explain racial 

differences in the biological risk for disease.  But the explanatory potential of SEP and healthy 

behaviors varies for men and women.  SEP differences only help explain the race differences for 

men, while BMI only helps explain race differences for women.  And neither explains more than 

one-fifth of the relationship.  SEP explains 20 percent of the race difference for men ages 57-75, 

while BMI explains 10-15 percent of the relationship for women.  Moreover, while education 

was predictive of CRP, income was not.  Sensitivity analyses that included both linear and 

varying nonlinear functions of income all produced the same result.   

What does this mean?  A few studies have found smaller effects of educational 

attainment for women as compared to men on general health outcomes, but this finding is by no 

means universal. In this sample, the lacking explanatory power of educational attainment in 

explaining racial variation among women appears to be a product of the generally weak 

relationship with education and CRP among women.   The difference in BMI as a mediator for 

race differences for women as compared to men is rooted in the fact that there are no meaningful 

race differences in BMI among men, but relatively large race differences among women.   

Finally, remaining racial differences in CRP levels, even after controlling for SEP and healthy 

behaviors does parallel some findings regarding race differences in cardiac disease and cardiac 
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disease mortality risk.  Some studies find that these risks remain, to some extent, even after 

controlling for SEP and behavioral factors (Jha et al. 2003).    

What explains the remaining race differences in CRP levels?  One hypothesis that should 

be pursued in future work is the potential effects of stress, particularly discrimination. There is 

growing evidence that stress generally is linked to higher levels of inflammation. A recent meta-

analysis of laboratory studies concluded that acute psychological stressors produce increases in 

circulating levels of inflammatory proteins, including CRP (the effects were marginally 

significant at P<.09) (Steptoe et al. 2007). Greater perceived stress in a community-based sample 

and more frequent interpersonal stressors in a sample of adolescents were associated with higher 

circulating levels of CRP (McDade et al. 2006; Fuligni et al. 2009). Exposure to low SEP and 

harsh family environments in childhood increases the likelihood of higher levels of CRP in 

adulthood (Taylor et al. 2006).  In addition, reduced stress associated with practicing yoga and 

being married (in men) predicted lower levels of CRP (Kiecolt-Glaser et al. 2010).    

Racial discrimination is thought to represent a particularly noxious type of chronic stress 

that is linked to a range of adverse health outcomes in Blacks, and there is recent evidence that 

chronic discrimination is associated with higher levels of CRP in Black adults (Williams 1997; 

Williams et al. 2008; Lewis et al. 2010). For example, discrimination, of multiple types, is linked 

to heart disease-coronary calcification in Black American women (Lewis et al. 2010).  

Discrimination is also linked to health behaviors, including substance abuse among Blacks 

(Borrell et al. 2007). Future research must consider chronic stress generally, and experiences of 

discrimination specifically, as potential contributors to racial differences in systemic 

inflammation.  

While this study does not fully explain what mediates race difference in CRP, it does 

make clear that the pathways mediating race differences in CRP may be different for men and 
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women.  Future work will likely need to consider the role that gender plays when examining 

hypothesized mediators.  Ultimately, focusing on biological disease risk markers, such as CRP, 

however, provides a promising pathway to understand how social factors get ‘under the skin.’   

 

 

 

 

 

  



20 

 

References 

Abraham, J, Campbell, C.Y., Cheema, A, Gluckman, T.J., Blumenthal, R.S., & Danyi, P.   

(2007).  C-reactive protein in cardiovascular risk assessment: a review of the evidence.  

Journal of the Cardiometabolic Syndrome, 22(2), 119-23. 

Alley, D.E., Seeman, T.E., Ki Kim, J., Karlamangla, A., Hu, P., & Crimmins, E.M.  (2005).   

Socioeconomic status and C-reactive protein levels in the US population: NHANES IV. 

Brain Behavor and Immunity, 20(5), 498-504. 

Becker, L.B. Han, B.H., Meyer, P.M., Wright, F.A., Rhodes, K.V., Smith, D.W., & Barrett, J. 

(1993).  Racial differences in the incidence of cardiac arrest and subsequent survival.  

Journal of the American Medical Association 329(9):600-606. 

Bermudez, E.A., Rifai, N., Buring, J., Manson, J.E., & Ridker, P.M. (2002). Interrelationships 

among circulating interleukin-6, C-reactive protein, and traditional cardiovascular risk 

factors in women. Arterioscler Thromb Vasc Biol, 22(10), 1668-73. 

Borrell, L.N., Jacobs, D.R., Williams, D.R., Pletcher, M.J., Houston, T.K., & Kiefe, C.I.  (2007).  

Self reported racial discrimination and substance use in the Coronary Artery Risk 

Development in Adults Study.  American Journal of Epidemiology, 166(9), 1068-1079. 

Brownson, R.C., Eyler, A.A., King, A.C., Brown, D.R.,  Shyu, Y.L.,  & Sallis, F.  (2000). 

`Patterns and correlates of physical activity among US women 40 years and older.  

American Journal of Public Health, 90(2), 264-270. 

Center for Disease Control.  (2010).  Heart disease and stroke prevention.  

http://www.cdc.gov/chronicdisease/resources/publications/aag/dhdsp.htm.  accessed May 

9, 2010.   

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abraham%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Campbell%20CY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cheema%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gluckman%20TJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blumenthal%20RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Danyi%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alley%20DE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seeman%20TE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ki%20Kim%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karlamangla%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hu%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Crimmins%20EM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rifai%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buring%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manson%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ridker%20PM%22%5BAuthor%5D


21 

Friedman, E.M. & Herd, P.  (2010). Income, education, and inflammation: Differential 

associations in a national probability sample (the MIDUS study). Psychosomatic 

Medicine, 72, 290-300. 

Friedman, E.M., Williams, D., Singer, B., & Ryff, C.  (2009).  Chronic discrimination predicts 

higher ciculating levels of E-selectin in a national sample: The MIDUS study.  Brain, 

Behavior and Immunity 23, 684-692. 

Fuligni, A.J., Telzer, E.H., Bower, J., Cole, S.W., Kiang, L., Irwin, M.R. (2009). A preliminary 

study of daily interpersonal stress and C-reactive protein levels among adolescents from 

Latin American and European backgrounds. Psychosomatic Medicine, 71(3), 329-33. 

Gallant, M.P. & Dorn, G.P.  (2001).  Gender and race differences in the predictors of daily health 

practices among older adults. Health Education and Practice, 16(1),21-31. 

Gorelick, P.B. (1998).  Cerebrovascular disease in African Americans.  Stroke 29, 2656-2664. 

Hayward, M.D., Miles, T.P., Crimmins, E.M., & Yang, Y. (2000). The significance of 

socioeconomic status in explaining the racial gap in chronic health conditions, American 

Sociological Review, 65, 910-930.  

Herd, P.  (2006). Do health inequalities diminish in old age?  Research on Aging, 28,375-92.  

Herd, P., Goesling, B.,  & House, J. (2007). Unpacking the relationship between socioeconomic 

position and health.  Journal of Health and Social Behavior 48(3), 223-238. 

Jaim, M.K. & Ridker, P.M.  (2005). Anti-inflammatory effects of statins: clinical evidence and 

basic mechanisms. National Review Drug Discovery, 4(12), 977-87. 

Jha, A.K., Varosy, P.D.,  Kanaya, A.M.,  Hunninghake, D.B., Hlatky, M.A., Waters, D.D., 

Furberg, C.D., & Shlipak, M.G.  (2003).  Differences in medical care and disease 

outcomes among black and white women with heart disease.  Circulation, 108, 1089-

1094. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Telzer%20EH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bower%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cole%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kiang%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Irwin%20MR%22%5BAuthor%5D


22 

Johnson, N.E.  (2000).  The racial crossover in comorbidity, disability and mortality.  

Demography, 37(3), 267-283. 

Kiecolt-Glaser, J.K., Christian, L., Preston, H., Houts, C.R., Malarkey, W.B., Emery, C.F., & 

Glaser, R. (2010). Stress, inflammation, and yoga practice. Psychosomatic Medicine, 

72(2), 113-21. 

Kenis, G. & Maes, M. (2002). Effects of antidepressants on the production of cytokines. 

International  Journal of  Neuropsychopharmacology, 5(4), 401-12. 

Lewis, T.T., Everson-Rose, S.A., Powell, L.H., Matthews, K.A., Brown, C., Karavolos, K., 

Sutton-Tyrrell, K., Jacobs, E., & Wesley, D. (2010). Self-reported experiences of 

everyday discrimination are associated with elevated C-reactive protein levels in older 

African-American adults. Brain, Behavior & Immunity, 24(3), 438-43. 

Lantz, P., House, J., Lepowski, J., Williams, D., Mero, R., & Chen, J. (1998). Socioeconomic 

factors, health behaviors, and mortality.  Journal of the American Medical Association, 

279, 1703-1708.  

Link, B. G., & Phelan, J. (1995). Social conditions as fundamental causes of disease. Journal of 

Health and Social Behavior, 35, 80–94. 

Lubbock, L.A., et al., (2005). Relation of low socioeconomic status to C-reactive protein in 

patients with coronary heart disease (from the Heart and Soul Study). American Journal 

of Cardiology, 96(11), 1506-11. 

 McDade, T.W., Lindau, S.T., & Wroblewski, K. (2010). Predictors of c-reactive protein in the 

national social life, health, and aging project. Journal of Gerontology: Social Sciences, 

65B(1), 1-8. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Christian%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Preston%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Houts%20CR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Malarkey%20WB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Emery%20CF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Glaser%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Everson-Rose%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Powell%20LH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matthews%20KA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karavolos%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sutton-Tyrrell%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jacobs%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wesley%20D%22%5BAuthor%5D


23 

McDade, T.W., Hawkley, L.C., & Cacioppo, J.T.  (2006). Psychosocial and behavioral 

predictors of inflammation in middle-aged and older adults: the Chicago health, aging, 

and social relations study. Psychosomatic Medicine, 68(3), 376-81. 

McDade, T. W., Burhop, J., & Dohnal, J. (2004). High-sensitivity enzyme immunoassay for C-

reactive protein in dried blood spots. Clinical Chemistry, 50, 652–654. 

Mitka, M. (2003). Panel endorses limited role for CRP tests. JAMA, 289(8): p. 973-4. 

O'Muircheartaigh, C., Eckman S., & Smith, S.  (2009).  Statistical design and estimation for the 

National Social Life, Health, and Aging Project.  Journal of Gerontology: Social 

Sciences 64(B), 12-19. 

Pearson, T. A., Mensah, G. A., Alexander, R. W., Anderson, J. L., Cannon, R. O., Criqui, M., 

Fadl, Y. Y., Fortmann, S. P., Hong, Y., & Myers, G. L. (2003). Markers of inflammation 

and cardiovascular disease: application to clinical and public health practice: A statement 

for healthcare professionals from the Centers for Disease Control and Prevention and the 

American Heart Association. Circulation, 107, 499–511. 

Pradhan, A.D., Manson, J.E., Rossouw, J.E., Siscovick, D.S., Mouton, C.P., Rifai, N., Wallace, 

R.B., Jackson, R.D., Pettinger, M.B., & Ridker, P.M. (2002). Inflammatory biomarkers, 

hormone replacement therapy, and incident coronary heart disease: prospective analysis 

from the Women's Health Initiative observational study. Journal of the American 

Medical Association, 288(8), 980-7. 

Qato, D., Alexander, G. C., Conti, R. M., Johnson, M., Schumm, P., & Lindau, S. T. (2008). Use 

of prescription and over-the-counter medications and dietary supplements among older 

adults in the United States. Journal of the American Medical Association, 300, 2867–

2878. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manson%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rossouw%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Siscovick%20DS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mouton%20CP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rifai%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wallace%20RB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wallace%20RB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jackson%20RD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pettinger%20MB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ridker%20PM%22%5BAuthor%5D


24 

Ridker, P.M., Hennekens, C.H., Rifai, N., Buring, J.E., & Manson, J.E. (1999). Hormone 

replacement therapy and increased plasma concentration of C-reactive protein. 

Circulation, 100(7), 713-6. 

Ridker, P.M., Hennekens, C.H., Buring, J.E., & Rifai, N. (2000).  C-reactive protein and other 

markers of inflammation in the prediction of cardiovascular disease in women. New 

England Journal of Medicine, 342(12), 836-43. 

Rooks, R.N., Simonsick, E.M.,  Miles, T., Newman, A., Kritchevsky, S.B., Schulz, R., & Harris, 

T.  (2002).  The association of race and socioeconomic status with cardiovascular disease 

indicators among older adults in the Health, Aging, and Body Composition Study.  

Journal of Gerontology: Social Sciences, 57(4), S247-256. 

Rubin, D.  (2004).  Multiple Imputation for Nonresponse in Surveys. New York:  John Wiley and 

Sons. 

Steptoe, A., Hamer, M., & Chida, Y. (2007). The effects of acute psychological stress on 

circulating inflammatory factors in humans: a review and meta-analysis. Brain, Behavior 

and Immunity, 221(7), 901-12. 

Stork, S., Feelders, R.A., van den Beld, A.W., Steyerberg, E.W., Savelkoul, H.F., Lamberts, 

S.W., Grobbee, D.E., & Bots, M.L. (2006).  Prediction of mortality risk in the elderly. 

American Journal of Medicine, 119(6), 519-25. 

Taylor, H.A., Wilson, J.G., Jones, D.W., Sarpon, D., Srinivasan, A., Garrison, R.J., Nelson, C.,  

& Wyatt, S.B.  (2005).  Toward Resolution of cardiovascular health disparities in African 

Americans: Design and methods of the Jackson Heart Study.  Ethnicity & Disease, 15, 

S6-4-S6-17. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hennekens%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rifai%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buring%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Manson%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hennekens%20CH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buring%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rifai%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Feelders%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20den%20Beld%20AW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Steyerberg%20EW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Savelkoul%20HF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lamberts%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lamberts%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grobbee%20DE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bots%20ML%22%5BAuthor%5D


25 

Taylor, S.E., Lehman, B.J., Kiefe, C.I., & Seeman, T.E. (2006). Relationship of early life stress 

and psychological functioning to adult C-reactive protein in the coronary artery risk 

development in young adults study. Biological Psychiatry, 60(8), 819-24. 

Tracy, R.P., Lemaitre, R.N., Psaty, B.M., Ives, D.G., Evans, R.W., Cushman, M., Meilahn, E.N., 

& Kuller, L.H.  (1997). Relationship of C-reactive protein to risk of cardiovascular 

disease in the elderly. Results from the Cardiovascular Health Study and the Rural Health 

Promotion Project. Arteriosclerosis Thrombosis Vascular Biology, 17(6), 1121-7. 

Verma, S., Szmitko, P.E. , & Ridker, P.M.  (2005). C-reactive protein comes of age. National 

Clinical Practice Cardiovascular Medicine, 2(1), 29-36. 

Wang, Y. & Beydoun, M.A. (2007).  The obseity epidemic in the United States--Gender, age, 

socioeconomic, racial/ethnic, and geographical characteristics.  Epidemiologic Reviews, 

29, 6-28. 

Willerson, J.T. & Ridker, P.M..  (2004). Inflammation as a cardiovascular risk factor. 

Circulation, 109(21), II2-10. 

Williams, D. (1997).  Race and health: Basic questions, emerging directions. Annals of 

Epidemiology, 7(5), 322-333. 

Williams, D., Neighbors, H.W., & Jackson, J.S.  (2003). Racial/Ethnic discrimination and health: 

Findings from community studies. American Journal of Public Health, 93, 200–208. 

Williams, D. & Collins. C. (1995).  US socioeconomic and racial differences in health: Patterns 

and explanations.  Annual Review of Sociology, 21, 349-386. 

Williams, S. R., & McDade, T. W. (2009). The use of dried blood spot sampling in the National 

Social Life, Health, and Aging Project. Journal of Gerontology: Social Sciences, 64B, 

i131–i136. 

Wilson, W.J. (1997).  The truly disadvantaged.  New York: Wiley-Blackwell. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lehman%20BJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kiefe%20CI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seeman%20TE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lemaitre%20RN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Psaty%20BM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ives%20DG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Evans%20RW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cushman%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meilahn%20EN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuller%20LH%22%5BAuthor%5D


26 

Winkleby, M.A., Kraemer, H.C., Ahn, D.K., & Varady, A.N. (1998). Ethnic and Socioeconomic 

differences in cardiovascular disease risk factors: Findings for women from the Third 

National Health and Nutrition Examination Survey, 1988-1994.  Journal of the American 

Medical Assocation  280(4), 356-362.  

Wyatt, S., Williams, D.R., Calvin, R., Henderson, F., Walker, E.R., & Winters, K.  (2005).  

Racism and cardiovascular disease in African Americans, The American Journal of the 

Medical Sciences, 325(6), 315-331. 

 



27 

Table 1. Descriptive Statistics. Weighted Means and Proportions (N=1541)

Mean/Proportion SE Range

CRP (mg/L) 2.12 0.06 .102-8.572
Log CRP 0.28 0.03 -2.28-2.15

Sociodemographic factors
Age (years) 70.59 0.23 57-85
Gender (female) 0.53 0.01
Race/ethnicity

White, non-Hispanic 0.62 0.02
Black, non-Hispanic 0.20 0.01
Hispanic (any race) 0.15 0.01
Other 0.02 0.00

Education
Less than high school 0.29 0.01
High school/GED 0.36 0.01
Some college/associates/vocational certificate 0.16 0.01
Undergraduate degree 0.11 0.01
Post-undergraduate degree 0.09 0.01

Household income
1st quintile 17,838 or less
2nd quintile $17,839 – $35,037
3rd quintile $35,038 – $50,161
4th quintile $50,162 – 76,809
5th quintile $76,810 or more

Physical health factors
Comorbidities

Heart failure 0.10 0.01
Heart attack 0.12 0.01
 Angioplasty, cardiac catheterization, or angiogram 0.27 0.01
Hypertension 0.57 0.01
Diabetes 0.23 0.01
Arthritis 0.52 0.01
COPD/emphysema 0.11 0.01
Asthma 0.10 0.01
Stroke 0.08 0.01
Dementia 0.01 0.00

Self-rated physical health 3.19 0.03 1= poor, 5= excellent
Medication use

 Cholesterol absorption inhibitors 0.05 0.01
 Antihyperlipidemic combinations 0.02 0.00
Estrogens 0.05 0.01
Progestins 0.01 0.00
Nonsteroidal anti-inflammatory agents 0.11 0.01
Steroids* 0.05 0.01
Antidepressants ** 0.11 0.01

Health Behaviors
Body mass index 29.05 0.18 15.55-67.30
Smoking

never 0.44 0.01
former 0.41 0.01
current 0.15 0.01

Exercise
1-3 times per month or less 0.21 0.01
1-2 times per week 0.15 0.01
3 or more times per week 0.64 0.01

Notes: CRP = C-reactive protein; GED= general education diploma
* includes  androgens and anabolic steroids, nasal steroids, and inhaled corticosteroids
** includes ssri, tricyclic, phenylpiperazine, tetracyclic, ssnri, and other  miscellaneous antidepressants  
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Table 2. Ordinary Least Squares Coefficients for C-Reactive Protein Among Older Adults All Ages (N=1541)

Model 1 Model 2 Model 3 Model 4

Race/Ethnicity
White, non-Hispanic-omitted - - - -
Black, non-Hispanic 0.263 ** 0.322 *** 0.114 0.257 †
Hispanic 0.026 0.026 -0.075 -0.045
Other -0.153 -0.139 -0.256 -0.121
             
Age (centered at 68) -0.007 † -0.004 -0.005 0.003

Female 0.208 ** 0.207 ** 0.122 † 0.191 †

Race/EthnicityxAge (centered at 68)
White, non-Hispanic-omitted - - -
Black, non-Hispanic -0.023 † -0.024 * -0.027 *
Hispanic 0.004 0.005 0.004
Other -0.007 -0.011 -0.020

Race/EthnicityxFemale
White, non-Hispanic-omitted - -
Black, non-Hispanic 0.316 † 0.081
Hispanic 0.065 -0.019
Other 0.319 0.284

Education
Less than high school-omitted - -
High school/GED -0.130 -0.115
Some college/associate's degree -0.122 -0.082
College degree -0.191 † -0.133
Professional degree -0.311 * -0.224 †

Income quintile
1-omitted - -

2 0.067 0.004
3 0.090 0.025
4 0.072 0.071
5 0.034 0.023

Bmi 0.051 ***

Smoking
Never (reference)
Former 0.128 *
Current 0.249 **

Exercise
Once a week or less (reference)
1-2 times per week 0.102
3+ times per week -0.032

Constant 0.453 ** 0.444 ** 0.548 ** -1.008 ***
F-statistic 5.300 *** 5.04 *** 3.75 *** 6.57 ***
df (23, 1515) (26, 1512) (37, 1498.1) (42, 1493.7)

Sources: Data are from National Social Life, Health, and Aging Project (NSHAP).
Notes: : Significance levels for two-tailed tests of coefficients: †p<0.1* p<0.05; ** p<0.01; *** p<0.001.  All models control for physical health 
and medication measures described in the methods section.
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