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A B S T R A C T   

Smoking cessation is associated with decreases in C-reactive protein (CRP), a biomarker of systemic inflammation and cancer risk; yet CRP levels remain higher long- 
term in individuals who quit vs. those who never smoked. While non-Hispanic, Black/African American (NHB) have higher levels of CRP vs. non-Hispanic, White/ 
Caucasian (NHW) adults, the association between CRP and race has not been examined in individuals with smoking history. Utilizing longitudinal data from the 
Health and Retirement Study (HRS), the current study examined the effects of race and smoking history on CRP in older adults. NHB (n = 242) and NHW (n = 1529) 
participants completed HRS assessments in 2006, 2010, and 2014. Dried blood spots collected at each wave were assayed for CRP. Linear mixed models were used to 
examine the effect of race and smoking history on CRP across waves – controlling for sociodemographics, physical activity, body mass index (BMI), and current 
smoking. Overall, results showed no significant effects of race or current smoking on CRP; rather age, sex, education, BMI, physical activity, smoking history, and 
time × race predicted CRP (ps<.04). However, while age, sex, education, BMI, physical activity, and smoking history were also predictive of CRP in NHWs (ps<.04) 
in race-stratified models, only BMI was a significant predictor of CRP in NHBs (p=.012). BMI may be important in explaining inflammation-related disease risk in 
NHBs with a history of smoking. NHBs may not experience the same reductions in CRP with smoking cessation as NHWs – potentially contributing to tobacco-related 
health disparities.   

1. Introduction 

Cigarette smoking is the single leading cause of preventable death 
and disease in the US (U.S. Department of Health and Human Services, 
2014). Cigarette smoking has been linked to increased risk for cancer, 
diabetes, cardiovascular disease, and respiratory disease – with in-
dividuals who smoke cigarettes 15 to 30 times more likely than those 
who do not smoke to develop lung cancer (U.S. Department of Health 
and Human Services, 2014). Despite successful efforts to reduce smoking 
rates among adults (e.g., from 24.7% in 1997 to 14.0% in 2017) (Jamal 
et al., 2018), individuals who identify as Black or African American still 
experience the highest rates of tobacco-related morbidity and mortality 
across all racial/ethnic groups (Fiore et al., 2008). Especially concern-
ing, the health risks associated with smoking continue to persist for 
Black/African-Americans even after individuals have quit smoking 
(Berlin et al., 2012; Stahre et al., 2010; Webb Hooper, 2019). However, 
Black/African-American vs. White racial disparities in health outcomes 
associated with tobacco use and smoking cessation are not well under-
stood, and it is unclear what behavioral, psychological, or molecular 

mechanisms may drive these differences. In the current study, we sought 
to examine C-reactive protein (CRP), a biological mechanism associated 
with chronic disease risk that might potentially underlie these tobacco- 
related disparities. 

Elevated systemic inflammation may be an important piece to the 
puzzle of disparities in tobacco-related health outcomes among Black 
Americans. A key pathway between tobacco smoke exposure and 
numerous health outcomes (Black et al., 2004; Elinav et al., 2013; Pepys 
& Hirschfield, 2003), chronic systemic inflammation may play an 
important role in disease development in adults with a history of 
smoking despite smoking cessation. In particular, CRP, an acute-phase 
protein and common marker of systemic inflammation, has been 
examined largely in tobacco research as a biomarker of chronic 
inflammation (Aldaham et al., 2015; Allin & Nordestgaard, 2011; Lagiou 
& Trichopoulos, 2011; Ohsawa et al., 2005; Pine et al., 2011; Tonstad & 
Cowan, 2009). As cigarette smoking has been associated with elevations 
of CRP levels (Tonstad & Cowan, 2009; Yanbaeva et al., 2007), smoking 
cessation has been associated with a decline in CRP levels over time 
(Hastie et al., 2008; King et al., 2017; Ohsawa et al., 2005) – with greater 
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decreases in CRP levels the longer an individual has been smoke-free 
(Ohsawa et al., 2005). However, some studies have indicated that CRP 
levels in individuals who quit smoking still remain higher than those 
who never smoked cigarettes – despite long-term smoking cessation (e. 
g., 20 years) (Brenner et al., 2014; Hastie et al., 2008; King et al., 2017; 
McEvoy et al., 2015; Ohsawa et al., 2005). This elevated CRP has been 
linked to an increased risk of chronic disease (Brown et al., 2019; Pine 
et al., 2011; Shiels et al., 2013). For example, adults who have quit with 
higher levels of CRP had a two-fold increase in lung cancer compared to 
those with lower levels (Chaturvedi et al., 2010). The reason underlying 
sustained CRP levels post smoking cessation is unclear, but it has been 
hypothesized that it is related to the weight gain that occurs after 
quitting smoking (King et al., 2017). 

There is a body of evidence indicating that Black/African-Americans 
adults have higher levels of CRP compared to White adults (Kelley- 
Hedgepeth et al., 2008; Meaney et al., 2019; Morimoto et al., 2014; 
Paalani et al., 2011; Stepanikova et al., 2017). Previous research has 
shown that racial differences observed in CRP levels may be explained 
by adjusting for body mass index (BMI) (Kelley-Hedgepeth et al., 2008; 
Stepanikova et al., 2017), although body weight did not fully explain the 
association (Kelley-Hedgepeth et al., 2008). However, most of the 
studies examining racial disparities in CRP were cross-sectional. Of the 
little research conducted with longitudinal data, one study examining 
race effects on CRP found that Black adults had a greater increase in CRP 
over time (Zahodne et al., 2019). Still, no studies have examined lon-
gitudinal differences between Black and White adults in the context of 
smoking and cessation. Given the important links between levels of CRP, 
smoking exposure, and smoking cessation, racial differences in changes 
in CRP levels among individuals who quit smoking may partially explain 
disparities in tobacco-related health risks between Black/African- 
American and White adults. 

Despite the wide body of work on Black/African-American vs. White 
racial disparities in tobacco- and smoking-related disease, post-cessation 
changes in systemic inflammation have not been studied as a potential 

contributor to racial disparities in smoking-related morbidity and mor-
tality. The current study aimed to characterize racial differences in 
longitudinal CRP change taking into account smoking status (i.e. current 
smoking behavior) and history (i.e., whether subjects have smoked in 
the past). Specifically, the current study utilized longitudinal smoking 
and inflammation data from the Health and Retirement Study (HRS) to 
examine the effects of smoking status and history on changes in CRP in 
Black/African-American and White older adults in the US. 

2. Methods 

2.1. Study design 

The current study used de-identified data from the Health and 
Retirement Study (HRS) – an ongoing, nationally representative study of 
the economic, health, marital, and family status of older adults living in 
the US (Sonnega et al., 2014). The original HRS sample was recruited in 
1992, and contained approximately 20,000 respondents born between 
1924 and 1941. Additional waves of core data collection for the HRS 
have been conducted every two years since 1992. In 2006, the HRS 
initiated collection of anthropometric and blood-based biomarker data 
to create the HRS Biomarker Database. A random half-sample of HRS 
respondents was interviewed in 2006 and assessments have been 
repeated every four years. The current study utilized publicly available 
data from the 2006 (baseline), 2010, and 2014 waves of the HRS Core 
and Biomarker Databases. Study analyses were limited to the 1771 adult 
participants who identified as non-Hispanic, White/Caucasian (NHW) or 
non-Hispanic, Black/African American (NHB), denied ever having or 
developing cancer, and had complete CRP biomarker data available for 
all 2006, 2010, and 2014 HRS Waves. 

2.2. Measures 

Smoking variables. Smoking is dynamic; therefore multiple mea-
sures were required to account for the multidimensional nature of 
smoking behavior in our analysis. At each wave of the HRS, participants 
self-reported whether they have ever smoked cigarettes (yes/no) and 
whether they were currently smoking cigarettes (yes/no). These items 
were used to create smoking history at baseline (smoking, quit, or never) 
and current smoking status longitudinally (yes or no) as indicators of past 
and current smoking behavior. Accounting for the potential effects of 
whether an individual ever smoked cigarettes (i.e., smoking history) vs. 
currently smoking cigarettes at a specific assessment (i.e., smoking 
status) is an important distinction (e.g., a person may smoke after having 
been quit for several years). 

Smoking history: At baseline (2006) participants’ smoking history was 
classified as: 1) Smoking (i.e., if they reported smoking cigarettes in the 
past and currently smoking cigarettes); 2) Quit (i.e., if they reported 
smoking cigarettes in the past, but denied currently smoking cigarettes); 
or 3) Never (i.e., if they denied smoking cigarettes in the past and denied 
currently smoking cigarettes) based on their response to an item that 
asked about whether they had ever smoked and their smoking behavior 
in 2006. 

Current smoking status: At each follow-up wave (2010 & 2014), in-
dividuals reported whether they were currently smoking cigarettes (yes/ 
no). Current smoking status was included in the analysis as a separate 
indicator of smoking behavior from smoking history as individuals who 
smoke may frequently transition from quitting and smoking over time. 

Inflammation. We used CRP data from three assessment timepoints 
(2006, 2010, and 2014) in our analysis (Crimmins et al., 2013). In the 
original HRS study, participants were invited to participate in an 
enhanced-data-collection where dried blood spots from finger prick 
samples were obtained and assayed to generate CRP data [measured in 
units of micrograms per milliliter (µg/mL)]. Dried blood spot values 
were transformed by HRS to NHANES equivalent assay values for ana-
lytic use to align with more conventionally used whole blood assays 

Table 1 
Participant Characteristics (Overall and by Race).   

Overall (N 
= 1771) 

NHW (N =
1529) 

NHB (N =
242) 

F or 
x2 

p 

Demographics at baseline 
Age, mean (SD), 

years 
64.3 (9.3) 64.6 (9.3) 62.4 (9.6)  11.26  0.001* 

No. (%) female 867 
(49.0%) 

734 
(48.0%) 

133 
(55.0%)  

4.04  0.044* 

Education, mean 
(SD), years 

12.7 (2.9) 12.9 (2.8) 11.5 (3.3)  40.99  <0.001* 

BMI, mean (SD), 
kg/m2 

29.5 (5.4) 29.3 (5.4) 30.2 (5.6)  4.14  0.042* 

No. (%) any 
physical 
activity 

1492 
(84.3%) 

1295 
(84.8%) 

197 
(81.4%)  

1.77  0.184  

Baseline smoking history 24.71 <0.001* 
No. (%) Never 802 

(45.3%) 
710 
(46.4%) 

92 
(38.0%)   

No. (%) Quit 511 
(28.9%) 

455 
(29.8%) 

56 
(23.1%)   

No. (%) Smoking 458 
(25.9%) 

364 
(23.8%) 

94 
(38.8%)   

Notes: *p<.05. Baseline measurements were conducted in 2006. NHW = non- 
Hispanic, White; NHB = non-Hispanic, Black/African American. Any physical 
activity indicates individuals who self-reported at baseline engaging in moderate 
or vigorous levels of physical activity at least one to three times per month. 
Smoking history was categorized at baseline as 1) Never smoked cigarettes (i.e., 
denied any history of cigarette smoking), 2) Quit smoking by baseline (i.e., 
denied current cigarette smoking, but endorsed history of cigarette smoking), 
and 3) Smoking (i.e., endorsed current cigarette smoking).Significance values 
refer to between-group comparisons for NHWs vs. NHBs. 
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(Crimmins et al., 2013). Larger CRP values indicated a greater inflam-
matory response. 

Control variables. Participants had verified sociodemographic data 
and provided physical health/measurements at each wave. Body mass 
index (BMI) was calculated from height and weight data in the HRS 
[(weight/(height)2 x703)]; in the original study, weight was measured 
in pounds using a digital scale and height was measured to the nearest 
quarter inch. In the original study, participants also self-reported how 
often they engage in moderate and vigorous physical activity using a 
Likert scale: “Hardly ever or never”, “One to three times per month”, “At 
least once per week”, “More than one time per week”, or “Every day”. 
Participants who endorsed hardly ever or never engaging in either 
moderate or vigorous physical activity were categorized as self- 
reporting no level of physical activity at baseline. All participants 
reporting engaging in moderate or vigorous physical activity at least one 
to three times per month or more were categorized as reporting any 
physical activity at baseline. Additional control variables included sex 
(male vs female), age in years, and years of education. Other chronic 
diseases (e.g., heart disease, diabetes) that have been shown to have an 
effect on CRP levels were initially examined, but not included as controls 
in the final model as they were not associated with CRP in this sample. 

2.3. Statistical analysis 

All statistical analyses were conducted using IBM SPSS Statistics 27 
for Windows with significance level set at p<.05. Differences in socio-
demographic and sample characteristics were examined using chi- 
squares and one-way analysis of variances (ANOVAs) between NHW 
and NHB groups. To adjust for skewness, CRP values were log- 
transformed for analyses. Using linear mixed effect models, we exam-
ined whether race (NHW vs. NHB), smoking history at baseline 
(Smoking vs. Quit vs. Never), and time-varying smoking status at each 
wave (yes vs. no) would impact levels of CRP over time. Sex, age at 
baseline, education, self-reported level of physical activity at baseline, 
and time-varying BMI were also included in the model to account for 
potential effects on CRP levels. Time (Wave 2006 vs. 2010 vs. 2014) was 
also included in the model to account for any order effects. Mixed effect 
models included race (0 = NHW, 1 = NHB), sex (0 = male, 1 = female), 
mean-centered age at baseline in years, education in years, smoking 
history at baseline (0 = never, 1 = quit, 2 = smoking), physical activity 
at baseline (0 = none, 1 = any), and BMI, with time × smoking history, 
time × current smoking status, race × time, race × smoking history, and 
race × current smoking status included as interactions. Models were 
then conducted separately by race to examine potential racial differ-
ences in model results to clarify the relationship between smoking his-
tory and race on CRP (Kaufman & Cooper, 2001; VanderWeele & 

Fig. 1. Notes: Raw Mean (±SEM) CRP Levels based on Smoking History at Baseline. Smoking history was categorized at baseline as 1) Never smoked cigarettes (i.e., 
denied any history of cigarette smoking), 2) Quit smoking by baseline (i.e., denied current cigarette smoking, but endorsed history of cigarette smoking), and 3) 
Smoking (i.e., endorsed current cigarette smoking). 
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Robinson, 2014). Post-hoc pairwise comparisons of least square means 
with Bonferroni adjustments were used to describe significant effects. 

3. Results 

The final analytic sample (N = 1,771) included 1,529 (86.3%) adults 
who identified as NHW and 242 (13.7%) identified as NHB. Participants’ 
characteristics by race are presented in Table 1. Compared to individuals 
who identify as NHW, individuals who identify as NHB were signifi-
cantly more likely to identify as younger (p=.001), female (p=.044), 
have fewer years of education (p<.001) and higher BMI (p=.042), and 

more likely to be currently smoking cigarettes at baseline (p<.001). See 
Fig. 1 for a visual representation of the non-transformed mean scores of 
CRP over time by smoking history. 

Table 2 presents the coefficients of the fixed effects model that tested 
the association between smoking on CRP across time. There were sta-
tistically significant main effects of time (F(2595,2)=32.03, p<.001), 
age (F(1520,1)=4.26, p=.039), sex (F(1461,1)=14.34, p<.001), edu-
cation (F(1502,1)=21.53, p<.001), BMI (F(1773,1)=184.67, p<.001), 
physical activity (F(1488,1)=8.28, p=.004), and smoking history (F 
(2254,2)=4.65, p=.010) on the levels of CRP. There was also a statis-
tically significant effect of time × race (F(2558,2)=6.43, p=.002), 
where, controlling for smoking history and status, NHWs showed a 
statistically significant decrease in CRP across all time points, while the 
NHB group had a significant decrease only from 2006 to 2010. The in-
teractions between race and smoking history and race and smoking 
status were not significant, suggesting that smoking behavior did not 
contribute to racial differences in CRP. 

However, model effects differed when analyzing NHW vs. NHB 
groups separately (Table 3). Results for the NHW group were similar to 
effects found in combined overall analyses, with time (F(2192,2)=
36.97, p<.001), age (F(1315,1)=4.28, p=.039), sex (F(1269,1)=12.16, 
p=.001), education (F(1311,1)=23.94, p<.001), BMI (F(1492,1)=
189.53, p<.001), physical activity (F(1288,1)=9.94, p=.002), and 
smoking history (F(1871,2)=6.45, p=.002) having statistically signifi-
cant main effects on CRP levels. Yet, in the NHB group, only time (F 
(325,2)=12.20, p<.001) and BMI (F(436,1)=6.35, p=.012) had a sta-
tistically significant effect on CRP levels. There were no statistically 
significant interactive effects of time and smoking history or status for 
either group in the stratified analyses (ps>.05). 

4. Discussion 

Smoking cessation is associated with decreases in levels of CRP, a 
biomarker of systemic inflammation that is implicated in cancer risk and 
cardiovascular disease. However, not all individuals who smoke ciga-
rettes may experience the same benefits from quitting – particularly for 
NHB adults, who continue to have elevated rates of tobacco-related 
morbidity and mortality even after quitting. Using longitudinal smok-
ing history and inflammation data on older adults in the HRS, this is the 
first study to our knowledge to examine whether the effects of smoking 
and cessation on CRP levels varies by race. 

The current study found that smoking history was associated with 
CRP levels among NHW adults, where individuals who had quit smoking 
had lower levels of CRP compared to individuals who were currently 
smoking cigarettes. However, smoking history only had a significant 
effect on CRP levels among NHW adults, but not for NHB adults. Racial 
differences in smoking behavior and history may influence CRP levels 
and contribute to these findings. Previous studies have suggested that 
NHB adults who smoke cigarettes may have poorer smoking cessation 
outcomes potentially due to other smoking-related cognitive, mood, and 
psychosocial factors (Bronars et al., 2015; Fu et al., 2008; Kulak et al., 
2016). In our analysis, CRP levels might have remained elevated in NHB 
adults who had quit smoking due to lacking sufficient coping and sup-
port mechanisms to mitigate potential life stressors following smoking 
cessation. For instance, NHB adults who quit smoking have reported 
higher levels of psychological distress than those who continued 
smoking compared to NHW adults (Sachs-Ericsson et al., 2009). 
Therefore, NHB adults who quit smoking may benefit from supple-
mental longer term support while quitting smoking, such as evidence 
based cognitive behavioral therapy and other quit-aids. 

While we controlled for sociodemographic variables, there may also 
be other factors that contribute to potential racial differences in CRP 
levels post smoking cessation. Previous research has also shown that 
NHB adults do not always experience the same levels of biological 
changes or health benefits from quitting smoking compared to NHW 
adults. For instance, data from the Multi-Ethnic Study of Atherosclerosis 

Table 2 
Linear Mixed Model, Fixed Effects, Overall.   

Estimate SE df t p 

Intercept  − 0.16  0.08  1927.00  − 1.99  0.047* 
Time (ref ¼ 2006)      

2010  − 0.06  0.02  2562.47  − 2.97  0.003* 
2014  − 0.19  0.03  2801.31  − 7.60  <0.001* 

Age  0.003  0.001  1519.55  2.06  0.039*  

Sex (ref ¼ Male)      
Female  0.08  0.02  1461.05  3.79  <0.001*  

Race (ref ¼ NHW)      
NHB  0.10  0.06  2263.13  1.68  0.093 

Education  − 0.02  0.004  1501.96  − 4.64  <0.001* 
BMI  0.02  0.002  1772.53  13.59  <0.001*  

Physical Activity (ref ¼
None)      
Any  − 0.09  0.03  1488.35  − 2.88  0.004*  

Smoking History (ref ¼
Never)      
Quit  0.05  0.03  2925.75  1.33  0.184 
Smoking  0.18  0.04  2982.61  5.10  <0.001*  

Time £ Smoking History      
2010 × Quit  − 0.001  0.03  2543.18  − 0.03  0.973 
2010 × Smoking  − 0.05  0.05  2698.65  − 1.10  0.270 
2014 × Quit  − 0.01  0.04  2740.10  − 0.37  0.710 
2014 × Smoking  − 0.04  0.05  3010.36  − 0.76  0.449  

Time £ Smoking Status      
2010 × Yes  0.07  0.04  2821.83  1.65  0.100 
2014 × Yes  0.08  0.04  3776.59  1.71  0.088  

Time £ Race      
2010 × NHB  − 0.15  0.04  2635.25  − 3.41  0.001* 
2014 × NHB  − 0.06  0.05  3044.87  − 1.17  0.242  

Race £ Smoking History      
NHB × Quit  0.06  0.08  1469.49  0.74  0.458 
NHB × Smoking  0.02  0.10  3145.33  0.24  0.814  

Race £ Smoking Status      
NHB × Yes  − 0.09  0.09  3960.52  − 1.04  0.298 

Notes: *p<.05; NHW = non-Hispanic, White; NHB = non-Hispanic, Black/Af-
rican American. Redundant estimates are not shown. Physical activity was 
categorized as any (i.e., self-reporting engaging in moderate or vigorous physical 
activity at least one to three times per month or more) vs. none (i.e., self- 
reporting hardly ever or never engaging in either moderate or vigorous phys-
ical activity). Smoking history was categorized at baseline as 1) Never smoked 
cigarettes (i.e., denied any history of cigarette smoking), 2) Quit smoking by 
baseline (i.e., denied current cigarette smoking, but endorsed history of cigarette 
smoking), and 3) Smoking (i.e., endorsed current cigarette smoking). Smoking 
status was categorized as currently smoking at time of assessment (yes) or 
abstinent at time of assessment (no). 
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(MESA) study showed that NHB adults who had quit smoking still had 
similar high-density lipoprotein (HDL) cholesterol levels as those who 
continued to smoke cigarettes (Berlin et al., 2012). NHB adults were also 
more likely to have lower awakening cortisol levels and blunted cortisol 
slopes one-month post-cessation compared to NHW adults (Stahre et al., 
2010; Webb Hooper, 2019). In addition, the current study findings 
indicated that BMI has a significant effect on CRP levels in both NHW 
and NHB adults, even after accounting for smoking history and status 
and other sociodemographic variables. Notably, BMI was the only sig-
nificant predictor of CRP for NHB adults in the stratified analysis. This is 
consistent with previous research that shows that adjusting for BMI may 
explain racial differences observed in CRP levels (Kelley-Hedgepeth 
et al., 2008; Stepanikova et al., 2017). Adiposity may have a particularly 
strong effect on change in CRP levels, especially in NHB adults (Asthana 
et al., 2010). Emerging evidence has suggested that NHB adults may 
experience more dramatic increases in adiposity post-cessation 
compared to NHW adults (Tan et al., 2021). Although NHB adults 
gain an average of four to ten pounds after quitting cigarette smoking 
within one year (Tan et al., 2018), longitudinal cohort studies have also 
shown disproportionate weight gain between NHW and NHB adults after 
quitting smoking over longer periods of time (e.g., 10–15 years), where 
NHB adults are twice as likely to gain weight and gain weight exces-
sively after quitting (Klesges et al., 1998; Williamson et al., 1991). 
However, additional research, such as a hierarchical regression analysis, 
is needed to formally test potential explanations for the association 
between race, BMI, and CRP post-smoking cessation. 

4.1. Strengths and limitations 

Strengths of our study included our methodological approach, 
including longitudinal examination of change in inflammation and in-
clusion of a large, representative sample of NHB and NHW older adults. 
Specifically, our approach allowed for us to model individual change in 
CRP, which takes into account that each individual subject changes at a 
different rate across time, while also estimating group differences. We 
were also able to capture the dynamic nature of smoking behavior by 
incorporating both smoking status (within-subjects effects) and smoking 
history (between-subjects effects) in our analyses. Of note, we included 
in the initial analyses a measure of smoking intensity, as smoking in-
tensity has been positively linked to mortality (Inoue-Choi et al., 2020). 
But smoking intensity was not found to be statistically significant, which 
is consistent with prior longitudinal research showing that smoking in-
tensity is not associated with CRP (Asthana et al., 2010; King et al., 
2017), and, therefore, was excluded from the final model. 

Results should be considered in the context of study limitations. First, 
as NHB adults in the US experience some of the greatest disparities in 
smoking cessation and smoking-related health risks, our study analyses 
chose to focus only on participants who identified as NHB or NHW and 
excluded other racial/ethnic groups. Future work should examine 
sociodemographic and smoking history effects on levels of CRP to 
explore if similar trends are found for other ethnic and racial groups. 
Next, as there was limited evidence to suggest that prevalence of chronic 
diseases was especially pronounced in our sample, we did not control for 
occurrence of newly diagnosed chronic conditions (e.g., hypertension, 
diabetes) in the current analyses; nor did we control for metabolic 
syndrome. In the initial analyses, we included diagnoses of diabetes, 

Table 3 
Linear Mixed Model, Fixed Effects, By Race.   

NHW NHB  

Estimate SE df t p Estimate SE df t p 

Intercept  − 0.18  0.09  1660.92  − 2.04  0.041*  0.01  0.23  306.15  0.04  0.971  

Time (ref ¼ 2006)           
2010  − 0.06  0.02  2256.75  − 2.64  0.008*  − 0.25  0.07  308.31  − 3.80  <0.001* 
2014  − 0.19  0.03  2459.18  − 7.21  <0.001*  − 0.30  0.08  421.28  − 3.58  <0.001* 

Age  0.003  0.001  1314.53  2.07  0.039*  0.001  0.004  204.93  0.19  0.846  

Sex (ref ¼ Male)           
Female  0.08  0.02  1268.63  3.49  0.001*  0.13  0.08  195.30  1.68  0.094 

Education  − 0.02  0.00  1310.97  − 4.89  <0.001*  − 0.01  0.01  192.85  − 0.45  0.657 
BMI  0.02  0.00  1491.79  13.77  <0.001*  0.01  0.005  435.63  2.52  0.012*  

Physical Activity (ref ¼ none)           
Any  − 0.10  0.03  1287.76  − 3.15  0.002*  0.04  0.10  196.05  0.42  0.672  

Smoking History (ref ¼ Never)           
Quit  0.05  0.03  2732.00  1.43  0.154  0.06  0.11  350.57  0.53  0.593 
Smoker  0.19  0.04  2826.81  5.28  <0.001*  0.04  0.10  355.37  0.35  0.724  

Time £ Smoking History           
2010 × Quit  − 0.01  0.03  2227.23  − 0.25  0.805  0.07  0.10  305.23  0.72  0.472 
2010 × Smoking  − 0.08  0.05  2330.12  − 1.73  0.085  0.25  0.13  320.76  2.02  0.044* 
2014 × Quit  − 0.02  0.04  2376.03  − 0.55  0.584  0.06  0.13  418.85  0.45  0.653 
2014 × Smoking  − 0.03  0.05  2586.23  − 0.65  0.519  0.04  0.14  440.63  0.26  0.796  

Time £ Smoking Status           
2010 × Yes  0.10  0.05  2446.44  2.08  0.038*  − 0.16  0.11  333.95  − 1.43  0.152 
2014 × Yes  0.05  0.05  3358.21  1.11  0.267  0.12  0.12  473.71  1.05  0.295 

Notes: *p<.05; NHW = non-Hispanic, White; NHB = non-Hispanic, Black/African American. Redundant estimates are not shown. Physical activity was categorized as 
any (i.e., self-reporting engaging in moderate or vigorous physical activity at least one to three times per month or more) vs. none (i.e., self-reporting hardly ever or 
never engaging in either moderate or vigorous physical activity). Smoking history was categorized at baseline as 1) Never smoked cigarettes (i.e., denied any history of 
cigarette smoking), 2) Quit smoking by baseline (i.e., denied current cigarette smoking, but endorsed history of cigarette smoking), and 3) Smoking (i.e., endorsed 
current cigarette smoking). Smoking status was categorized as currently smoking at time of assessment (yes) or abstinent at time of assessment (no). 
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cardiovascular disease, and cancer; however, as these variables were 
excluded to create a more parsimonious model as they were not found to 
be statistically significantly associated with CRP in this sample. Finally, 
we were unable to include a robust measure of physical activity in the 
model, as it is strongly related to CRP (Lavie et al., 2011); our baseline 
measures of physical activity were self-report, dichotomous variables. 
However, future studies should also examine the effect of smoking his-
tory and race on levels of CRP in the context of other chronic conditions. 
Furthermore, although we accounted for the dynamicity of smoking, 
more work is needed to understand the nuanced relationships between 
changes in smoking behaviors and health across the life course. 

5. Conclusions 

While smoking cessation is undeniably beneficial for all individuals 
who smoke cigarettes, our findings showed that smoking cessation was 
associated with significantly lower CRP levels among NHW, but not 
NHB, older adults. Given the large tobacco-related health disparities 
experienced by NHB adults, including those who have quit smoking, 
more research is needed to understand why individuals who identified 
as NHB may not experience the same health benefits post-quitting as 
other ethnic/racial groups. 
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