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Abstract

Despite the causal role of cigarette smoking in atherosclerotic cardiovascular disease (ASCVD),
the underlying mechanisms are not fully understood. We evaluated the joint relationship between
smoking and inflammatory markers with ASCVD risk. We tested cross-sectional associations of
self-reported smoking status (never, former, current) and intensity (packs/day) with lipoprotein-
associated phospholipase Ay (Lp-PLAy) activity and high-sensitivity C-reactive protein (hsCRP)
in 10,506 ARIC participants at Visit 4 (1996-1998). Using Cox hazard models adjusted for

Corresponding Author: Erin D. Michos, MD, MHS, Associate Professor of Medicine and Epidemiology, Ciccarone Center for the
Prevention of Heart Disease, Division of Cardiology, Johns Hopkins School of Medicine, Baltimore, Maryland, Office: 410-502-6813,
edonnell@jhmi.edu.

Disclosures:

Dr. Michos and Dr. Blaha report receiving an honorarium from Siemens Healthcare Diagnostics (unrelated to this topic). Dr. Blaha’s
disclosures include Advisory Boards for Novartis, Amgen, Sanofi/Regeneron, Medlmmune, Akcea and grant funding from Amgen
and the Aetna Foundation. Dr. Hoogeveen has previously received a research grant from diaDexus. However, diaDexus played no role
in the design, data analysis or data interpretation of this study. Dr. Hoogeveen reports receiving a research grant from Denka Seiken
(unrelated to this topic). Dr. Ballantyne has received consultant fees/honoraria from Abbott Diagnostic, Amarin, Amgen, Astra
Zeneca, Boehringer Ingelheim, Eli Lilly, Esperion, lonis, Matinas Bio Pharma Inc, Merck, Novartis, Pfizer, Regeneron, Roche
Diagnostic, Sanofi-Synthelabo. Dr. Ballantyne has received research grants from Abbott Diagnostic, Amarin, Amgen, Eli Lilly,
Esperion, lonis, Novartis, Pfizer, Regeneron, Roche Diagnostic, Sanofi-Synthelabo. Other authors did not report any disclosures.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tibuakuu et al. Page 2

demographic and traditional ASCVD risk factors, we examined the associations of smoking status
and intensity with incident adjudicated ASCVD events (n=1,745 cases), over an average of 17
years, stratified by Lp-PLA, and hsCRP categories. Greater packs/day smoked was linearly
associated with higher levels of both Lp-PLA, and hsCRP among current smokers. Compared to
never smokers, the hazard ratio for incident ASCVD in current smokers was 2.04 (95%ClI 1.76—
2.35). Among current smokers, the risk for ASCVD per 1 pack/day greater was 1.39 (1.10-1.76).
Both Lp-PLA activity 2253 nmol/min/mL and hsCRP >3 mg/L identified current smokers at the
highest risk for incident ASCVD, with similar hazard ratios. HSCRP better risk-stratified current
smokers based on intensity. Among current smokers, hsCRP improved ASCVD prediction beyond
traditional risk factors better than Lp-PLA, (C-statistic 0.675 for hsCRP vs 0.668 for Lp-PLA2,
p=0.001). In this large cohort with long follow-up, we found a dose-response relationship between
smoking intensity with Lp-PLA, activity, hsCRP and ASCVD events. While both Lp-PLA,
activity and hsCRP categories identified high-risk among current smokers, hsCRP may better
stratify risk of future ASCVD.
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INTRODUCTION

Cigarette smoking is one of the major preventable causes of death and atherosclerotic
cardiovascular disease (ASCVD) globally.2:2 Some data have reported a dose-response
relation between smoking intensity and burden with ASCVD.3# Other data suggested that
the relation has a low “ceiling”, making smoking status more important than smoking
burden or intensity.>~" However, a recent study using modern statistical techniques found
that smoking intensity (pack/day) may be a better way to model ASCVD outcomes
compared to smoking status and pack-years.8 Although the causal role of smoking and
ASCVD is well established, only about 33% of smokers develop a smoking-related
cardiovascular illness.! While all smokers should be offered guidance regarding smoking
cessation, identification of higher-risk smokers might help triage allocation of more
expensive resources (i.e. case management programs). Inflammation is on the causal
pathway linking smoking to ASCVD.? The objective of this study was to evaluate the
usefulness of 2 inflammatory biomarkers approved for routine clinical use in ASCVD risk
prediction — high sensitivity C-reactive protein (hsCRP)0 and lipoprotein associated
phospholipase A, (Lp-PLA,) activity! — in identifying smokers at high-risk for ASCVD.

METHODS

The Atherosclerosis Risk in Communities (ARIC) study design, objectives, sampling
strategies and examination techniques have been well described elsewhere.1? Briefly, ARIC
is a large, ongoing, prospective, cohort of 15,792 participants, who were predominantly
white or black race, aged 45-64 years, and recruited from four US communities; Forsyth
County, North Carolina; Jackson, Mississippi; suburban Minneapolis, Minnesota; and
Washington County, Maryland. The baseline examination (Visit 1) was conducted between
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1987-1989, with four more examinations occurring between 1990-1992 (Visit 2), 1993—
1995 (Visit 3), 1996-1998 (Visit 4) and 2011-2013 (Visit 5). The present analysis was done
on participants who attended Visit 4 where Lp-PLA, activity and hsCRP were measured in
all ARIC participants.

Of the 11,656 participants attending Visit 4, we excluded 41 for missing Lp-PLA, activity
data; 1 for missing hsCRP data; 69 for missing smoking data; 156 for missing data on any
covariate adjusted in models; 31 participants who were neither black nor white; 38 blacks
from Minnesota and Maryland field centers (because small numbers limited estimates for
their race/center combinations); and 440 who had coronary heart disease (CHD) or stroke
prior to Visit 4. Thus, the analytical sample included 10,506 participants for both cross
sectional and longitudinal analyses (Figure 1).

Smoking data were collected using interviewer-administered questionnaires at Visit 4.
Participants were considered as smokers if they ever smoked at least 400 cigarettes in their
lifetime and then further categorized as “current smokers” if they answered yes to currently
smoking cigarettes, “former smokers” if last cigarette smoked was = 3 months. “Never
smokers” denied ever smoking cigarettes. Among current and former smokers, information
on number of cigarettes smoked per day was also collected. We divided the number of
cigarettes smoked per day by 20 to obtain number of packs per day.

Participants were asked to fast for 12 hours before their Visit 4 clinic appointment and
plasma samples were stored for approximately 10 years at —70°C before being assayed. Lp-
PLA, activity was measured using an automated Colorimetric Activity Method assay
(diaDexus Inc., South San Francisco, CA) using a Beckman Coulter (Olympus) AU400e
autoanalyzer. The Lp-PLA, activity assay had an inter-assay variation coefficient of 4.4%
and a reliability coefficient of 0.92, based on 419-blinded replicate samples. HSCRP was
measured by immunonephelometric assay (Dade Behring, Newark, Delaware). The
reliability coefficient was 0.95.13 Both Lp-PLA, activity and hsCRP are highly stable in
plasma samples for more than 10 years from collection when stored at —70 °C.14.15 Thus,
this approach has been standard practice in epidemiologic studies.

Demographics, medical history, anthropometrics, and blood pressure measurements were
obtained at Visit 4 using a standardized protocol. Hypertension, diabetes and current alcohol
use were defined as previously published.16 Total cholesterol and high-density lipoprotein
cholesterol (HDL-C) were determined by enzymatic methods,1’ and estimated glomerular
filtration rate by the CKD-Epi formula.18

Participants were followed up for incident ASCVD events occurring between Visit 4 (1996-
1998) and December 31, 2014. ARIC participants (or their proxy) were contacted annually
by telephone. Reported hospitalizations and deaths related to possible CHD events or strokes
in the previous year were identified, and hospital medical records and/or death certificates
were obtained for review. Definite or probable CHD events were defined by rigorous
computer algorithms and physician review using combinations of chest pain, ECG changes,
and cardiac enzyme levels, as previously described.1® Potential CHD events were reviewed
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by 2 members of the ARIC Morbidity and Mortality Classification Committee, and any
difference between reviewers were adjudicated by the committee chairperson.

Similarly, incident stroke occurring within the same follow-up period were identified.
Transient ischemic attacks were not included. Abstractors recorded stroke signs and
symptoms and photocopied neuroimaging (CT or MRI) if hospital discharge diagnoses
included a cerebrovascular disease code, if a cerebrovascular condition or procedure was
mentioned in the discharge summary, or if a cerebrovascular finding was noted on a CT or
MRI report. Each eligible case was classified by computer algorithm and by a physician
reviewer,20 according to criteria adapted from the National Survey of Stroke.2
Disagreements were adjudicated by another reviewer.

For our primary endpoint, we combined CHD and stroke to obtain overall ASCVD. Data
were summarized using counts (proportions) for categorical variables, and means (standard
deviations) or medians (interquartile intervals) for continuous variables. Chi-squared test,
ANOVA, and Kruskal-Wallis testing were used for comparison across smoking categories
where appropriate. HSCRP was skewed and thus natural log-transformed when considered as
a continuous variable. Elevated Lp-PLA, activity was defined as levels = the clinical
cutpoint of 225 nmol/min/mL,22 and elevated hsCRP was defined as levels >3 mg/L
(corresponding to the AHA/CDC high-risk category).23

For cross-sectional analyses, a modified Poisson regression approach,24 given the high
prevalence of elevated Lp-PLA; activity and hsCRP (more than 10%) in our study
population, was used to estimate their adjusted prevalence risk ratios (adjPRR) by smoking
status. Models were adjusted for as follows: Model 1 adjusted for age, sex, and race-center.
Model 2 adjusted for Model 1 in addition to current alcohol use, hypertension, body mass
index, diabetes mellitus, total cholesterol, HDL-C, estimated glomerular filtration rate, and
statin use. Furthermore, an adjusted restricted cubic spline model using Model 2 variables
was used to illustrate the linear dose-response relationship of pack/day of cigarettes smoked
among current smokers with Lp-PLA, activity and hsCRP levels.

For longitudinal analyses, multivariable Cox proportional hazard models were used to
estimate the hazard ratios (HR) for incident CHD, stroke and total ASCVD by smoking
status; tertiles of packs/day of smoking (corresponding to <0.5 pack/day; >0.5-1 pack/day;
>1 pack/day) among current smokers. Also, restricted cubic splines for packs/day were used
to assess for a linear dose-response relationship of smoking intensity with CHD and stroke.
Similarly, Cox models were used to estimate the association of smoking status and intensity
with ASCVD, stratified by categories of Lp-PLA, activity (tertiles) and hsCRP (AHA/CDC
risk categories). Cox models in stratified analyses adjusted for variables in Model 2.

To test the incremental predictive value of adding Lp-PLA; activity or hsCRP to a model
including traditional ASCVD risk factors among smokers, we estimated inverse hazard rate
variables for the 3 models in a random half of the data (training set) using Cox proportional
hazard models. Harrell’s ¢ indices were then determined in the test set for all 3 models and
differences between Harrell’s ¢ indices were calculated.
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In sensitivity analyses, we tested for statistical interaction between measures of smoking
behavior with age, sex, and race in their associations with Lp-PLA, activity and hsCRP in
cross-sectional analyses, and with events in longitudinal analyses. We visually assessed for
the proportional hazards assumption for each Cox model. All statistical analyses were
performed using Stata 13 (StataCorp LP, College Station, TX) and statistical significance
was generally considered at a two-sided P value<0.05.

RESULTS

The baseline characteristics of the study population stratified by categories of smoking status
are presented in Table 1. Briefly, current smokers were younger, less likely to be
hypertensive, had lower mean body mass index, and smoked a median of 1 pack/day of
cigarettes. On average, crude Lp-PLA, activity and hsCRP levels were higher among current
smokers compared to never smokers. Baseline characteristics by categories of smoking
intensity (packs/day) among current smokers are summarized in Supplemental Table 1.

In a multivariable model adjusted for demographics and traditional ASCVD risk factors
(Model 2), current smokers had a higher prevalence of elevated Lp-PLA2 activity =253
nmol/min/mL and elevated hsCRP >3 mg/L, compared to never smokers (Table 2). Also,
higher number of packs of cigarettes smoked per day was linearly associated with higher
levels of both Lp-PLA, activity and hsCRP (Figure 2).

Over a median (interquartile interval) follow-up of 17 (13-22) years, 1,196 CHD and 685
stroke cases occurred, totaling 1,745 ASCVD cases. Crude ASCVD incidence rates (per
1000 person-years) were 8.3 for never smokers, 10.8 for former smokers and 15.0 for
current smokers. When stratified by tertiles of Lp-PLA, activity, the lowest ASCVD crude
incidence rate occurred among never smokers with Lp-PLA, activity level <200
nmol/min/mL, and the highest ASCVD incidence rate occurred among current smokers with
Lp-PLA, activity levels 2253 nmol/min/mL (Figure 3A). Of note, current smokers had the
highest crude ASCVD incidence rates compared to former and never smokers within the
same stratum of Lp-PLA, activity. Similar crude ASCVD estimates and trends were noted
for smoking status when stratified by hsCRP (Figure 3B).

After accounting for demographics and adjusting for other potential confounders, both
former and current smokers had an increased risk for incident ASCVD (Table 3). However,
stronger associations with incident CHD, stroke, ASCVD were observed for current smokers
than former smokers (Table 3). For smoking intensity among current smokers, the adjusted
HRs in the highest tertile of smoking intensity (more than 1 pack/day) were significantly
increased compared to the lowest tertile (less than half a pack/day) for stroke and total
ASCVD (Table 3). The association of smoking intensity with CHD, stroke, and ASCVD was
generally linear as shown in fully-adjusted restricted cubic spline models in Supplemental
Figure 1. Each unit higher in number of packs/day smoked was associated with a 29%
increase in the hazard for CHD, 57% for stroke and 39% when CHD and stroke were
combined (ASCVD) (Table 3).
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Figure 4 and Supplemental Table 2 illustrate the adjusted HRs for ASCVD by smoking
status and intensity, stratified by levels of Lp-PLA, activity and hsCRP. The risk for future
ASCVD among former smokers was comparable to never smokers when stratification was
done by either Lp-PLA; activity or hsCRP (Supplemental Table 2; Figure 4A, B). Among
current smokers, both Lp-PLA, activity 2253 nmol/min/mL and hsCRP >3 mg/L were
associated with over a 2-fold increase in risk for future ASCVD. However, among smoking
intensity categories (packs/day), event rates were inconsistent when stratified by Lp-PLA,
activity (Figure 4C), which contrasts with the generally monotonic increases in risk for
future ASCVD by hsCRP strata among each smoking intensity category (Figure 4D).
Overall, current smokers who smoked >1 pack/day and had elevated hsCRP (1-3 mg/L or
>3 mg/L) had about a 3.5-fold increase risk for future ASCVD (compared to <0.5 pack/day
and hsCRP <1 mg/L) (Figure 4D). Similar trends were observed for CHD, stroke and
ASCVD when the analyses were restricted to each of the pack/day categories, after
stratification by Lp-PLA, activity and hsCRP (Supplemental Table 3).

Among current smokers, the addition of Lp-PLA, activity to a model including traditional
risk factors (Model B) did not significantly improve the predictive power compared to a
model with traditional risk factors alone (Model A) (difference between Harrell’s ¢ indices=
-0.002, p=0.19; Table 4). In contrast, the addition of hsCRP to a model including traditional
risk factors (Model C) significantly improved the predictive power, albeit absolute
improvement was marginal (difference between Harrell’s ¢ indices= -0.009, p<0.001; Table
4).

There was no evidence for effect modification by age, sex, or race for any of the associations
tested.

DISCUSSION

In this large community-based cohort free of clinical ASCVD at baseline, current smokers
had higher prevalence of elevated Lp-PLA, activity and hsCRP levels, two reliable
inflammatory biomarkers of ASCVD risk. Greater intensity of smoking (packs/day) among
current smokers was linearly associated with higher Lp-PLA, activity and hsCRP levels. In
addition to confirming an increased risk for future ASCVD among current smokers
compared to never smokers, we also observed that greater smoking intensity (packs/day)
was associated with increased risk for future cardiovascular events. Finally, while both Lp-
PLA, activity 2253 nmol/min/mL and hsCRP >3mg/L identified high-risk current smokers
who may benefit from targeted and more-intensive prevention strategies, hsCRP may better
stratify risk of future ASCVD among current smokers. Moreover, hsCRP improved the
ability to predict the onset of future cardiovascular events beyond traditional ASCVD risk
factors.

Our data are consistent with prior evidence suggesting that inflammation is on the causal
pathway linking cigarette smoking to clinical CVD.3*2 In the Multi-Ethnic Study of
Atherosclerosis (MESA) study, McEvoy et al. reported that two powerful markers of
ASCVD risk; hsCRP and coronary artery calcium (CAC) scores, could be useful in
identifying high-risk smokers needing intensive smoking cessation efforts.# Our study
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provides more evidence to support a dose-response relation of smoking intensity with
inflammatory biomarkers of cardiovascular risk and clinical ASCVD events.

Most importantly, although prior studies have evaluated the effects of cigarette smoking on
hsCRP and other biomarkers of ASCVD risk,3425 this study is the first to our knowledge to
explore the relation of smoking with Lp-PLA, activity level, a biomarker recently approved
by the FDA for routine clinical use in CHD risk stratification.1? Lp-PLA, is a serine-
dependent lipase secreted by macrophages and found in atherosclerotic plaques.?? It is
considered to be a marker of plaque vulnerability and its activity has been found to
independently predict the risk for incident CHD, stroke and all-cause mortality.22 However,
despite this, a recent clinical trial found that darapladib, a selective oral inhibitor of Lp-
PLA, did not reduce ASCVD events compared to placebo in a population of stable CHD
patients.26

We found that across categories of both Lp-PLA, and hsCRP, the risk for future ASCVD
among former smokers was similar to never smokers. This finding is consistent with
previous studies which have shown that the risk of cardiovascular events for former smokers
is comparable to never smokers after 5 to 10 years of cessation.2”28 Among current
smokers, our data demonstrate that both Lp-PLA, activity and hsCRP categories can
identify high-risk groups who may benefit from aggressive smoking cessation efforts.
However, hsCRP was consistently associated with greater risk for future ASCVD within
each tertile of cigarette smoking intensity (packs/day) and also improved prediction for
future ASCVD incremental to traditional risk factors. From our data, current smokers with
hsCRP categories of 1 to 3 as well as >3 have a 3.5-fold increase in the risk for future
ASCVD (compared to <0.5 pack/day and hsCRP <1 mg/L).

Results of this study may have important implications for tobacco regulatory science. The
FDA’s authority for tobacco regulation has now been extended to include electronic nicotine
delivery systems, cigars, and hookahs.2% HSCRP has increasingly been identified as a
sensitive biomarker for the study and subsequent regulation of novel tobacco products, prior
to the availability of long-term cardiovascular events data. The findings in this well-
characterized cohort confirms the potential role of hsCRP and Lp-PLA; activity as sensitive
biomarkers which could be used to study the potential cardiovascular toxicity of novel
tobacco products. Given the linear dose-response association of packs/day with both Lp-
PLA, activity and hsCRP found in this study, measuring these biomarkers among users of
electronic cigarettes and comparing these to current combustible cigarette users and non-
tobacco using controls might be considered for use to determine the potential cardiovascular
risk profile of such products prior to availability of long-term cardiovascular outcomes.

This study was conducted in a large cohort with an average follow-up of 17 years, thus
enabling a better estimation of the longer-term cardiovascular risks of smoking compared to
prior studies.* Also, events were well adjudicated and ASCVD risk factors were well
characterized. Nonetheless, several limitations to this study must be acknowledged. First,
smoking exposure was self-reported and did not include information on urine cotinine levels
to corroborate self-reported smoking behaviors and avoid misclassification. However,
measurement of cotinine would potentially have identified participants who reported being
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never or former smokers that were actively using tobacco which would serve to correct
misclassification resulting in a difference between groups larger than what was observed.
Second, despite adjusting for a wide variety of potential confounders, residual confounding
cannot be excluded in this observational study. For instance, some biologically plausible
confounders of the relation between inflammation and ASCVD such as socioeconomic
status, intravenous drug use, physical activity level and others were not adjusted for in our
models. Finally, Lp-PLA, activity and hsCRP were measured at only one time point (Visit
4). Although ASCVD events were updated annually based on telephone calls and medical
record adjudications, there was a ~14 year lag between in-person visits 4 and 5, which did
not allow covariates (notably smoking status) to be updated. Thus, ASCVD risk assessment
was based on a single time point, similar to a real world office-based risk assessment.

In conclusion, we found a dose-response relation of smoking intensity with biomarkers of
ASCVD risk and cardiovascular events. While both Lp-PLA, activity and hsCRP categories
identify high-risk current smokers who may benefit from targeted and more-intensive
prevention strategies, hsCRP may better stratify risk for future ASCVD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Total ARIC Cohort at Visit 4

N=11, 656
31 non-whites or -blacks « » 416 for missing Lp-PLA; or hsCRP data
38 blacks from Minnesota
and Maryland centers < * 69 for missing smoking data

440 ASCVD cases
occurring prior to Visit 4. —————— 156 for missing a key covariate

Study Sample
N=10, 506

Figure 1.
Flow diagram illustrating inclusion/exclusion criteria of participants

Am J Cardiol. Author manuscript; available in PMC 2019 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Tibuakuu et al.

Page 12

30
8

20
6

Mean difference in Lp-PLA2 activity level
10
Mean difference in log (hsCRP) level
4

2

o
o

-10
2

1 1
Packs/day Packs/day

Figure 2.
Adjusted* restricted cubic splines for the cross-sectional associations of smoking intensity

with Lp-PLA; activity (Panel A) and log(hsCRP) (Panel B) as a function of pack/day of
smoking among current smokers. *Model adjusted for age, sex, race-center, current drinker,
hypertension, body mass index, diabetes mellitus status, total cholesterol, HDL-C, estimated
glomerular filtration rate, and statin use. The x-axis for (packs/day) was truncated at 2
because of sparse data beyond this limit.
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Lp-PLA2 Activity and Smoking Status HsCRP and Smoking Status

ASCVD Rates per 1000 Person-Years
ASCVD Rates per 1000 Person-Years
—

o

10 Lp-PLA22253 hsCRP >3
5 Lp-PLA2 >200-253 5 hsCRP =1-3
Lp-PLA2 <200 hsCRP < 1
0 4 0
Never Former Current Never Smokers ~ Former Current
Smokers  Smokers  Smokers Smokers  Smokers
B1p-PLA2<200 ®Lp-PLA2>200-253 ™ Lp-PLA22253 BhsCRP<1 WhsCRP=1-3 ®hsCRP >3

Figure 3.
Crude ASCVD incidence rates (per 1000 person-years) by smoking status. A, ASCVD

incidence rates stratified by Lp-PLA, activity (tertiles). B, ASCVD incidence rates stratified
by hsCRP (AHA/CDC risk categories).
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Lp-PLA2 Activity and Smoking Status HsCRP and Smoking Status

2125 g3
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e 15 g 1 I
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g 05 Lp-PLA2>200-253 g 1 hsCRP=1-3
b Lp-PLA2$200 I hsCRP <1
20 2 0

Never Former Current Never Former Current

Smokers  Smokers  Smokers Smokers  Smokers  Smokers

WipPLA2<200 WLp-PLA2>200-253 Wlp-PLA22253 BhsCRP<1 WhsCRP=1-3 ®hsCRP>3

[of D

HsCRP and Smoking Intensity (Pack/day)

Lp-PLA2 Activity and Smoking Intensity
(Pack/day)

194

t?
I Lp-PLA22253

Lp-PLA2>200-253
Lp-PLA2 €200

hsCRP >3
hsCRP = 1-3
hsCRP < 1

ASCVD Hazard Ratio
ASCVD Hazard Ratio

<05 2051 >1pack/day <05 205-1 >1

pack/day pack/day pack/day  packfday  pack/day
Wp-PLA2S200 WLp-PLA2>200-253 ®Lp-PLA22253 WhsCRP<1 WhsCRP=1-3 WhsCRP>3

Figure 4.
Adjusted* ASCVD Hazard Ratios by smoking status and intensity: stratified by Lp-PLA,

activity (tertiles) and hsCRP (AHA/CDC risk categories). A, ASCVD Hazard Ratios by
smoking status, stratified by Lp-PLA,. B, ASCVD Hazard Ratios by smoking status,
stratified by hsCRP. C, ASCVD Hazard Ratios by smoking intensity among current
smokers, stratified by Lp-PLA, activity. D, ASCVD Hazard Ratios by smoking intensity
among current smokers, stratified by hsCRP. For Figures A and B, never smokers in the
lowest inflammatory category served as reference group. For Figure C and D, participants
with <0.5 packs/day in the lowest inflammatory category served as reference group.
*Models adjusted for age, sex, race-center, current drinker, hypertension, body mass index,
diabetes mellitus status, total cholesterol, HDL-C, estimated glomerular filtration rate, and
statin use.
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Characteristics * of the Atherosclerosis Risk in Communities (ARIC) Study According to Visit 4 (1996-1998)

Smoking Status.

Characteristict Never Former Current
(n=4459) (n=4544) (n=1503)
Age (years), mean (SD) 62.8 (5.6) 63.1(5.7) 61.6 (5.5)
Women 3189 (71.5%) 1996 (43.9%) 812 (54.0%)
Race-center
Minneapolis, Minnesota whites 1132 (25.4%) 1496 (32.9%) 375 (25.0%)
Washington Co, Maryland whites 1302 (29.2%) 1237 (27.2%) 353 (23.5%)
Forsyth Co, North Carolina whites 955 (21.4%) 1024 (22.5%) 405 (26.9%)
Forsyth Co, North Carolina blacks 96 (2.2%) 91 (2.0%) 48 (3.2%)
Jackson, Mississippi blacks 974 (21.8%) 696 (15.3%) 322 (21.4%)
Current alcohol drinker 1725 (38.7%) 2673 (58.8%) 838 (55.8%)
Hypertension 2151 (48.2%) 2094 (46.1%) 629 (41.8%)
Body mass index (kg/m?), mean (SD) 29.2 (5.8) 29.0(5.4) 26.8 (5.2)
Diabetes mellitus 699 (15.7%) 768 (16.9%) 200 (13.3%)
Total cholesterol (mg/dL), mean (SD) 200 (38) 196 (34) 192 (38)
HDL cholesterol (mg/dL), mean (SD) 53 (17) 49 (17) 49 (17)
eGFR category (mL/min/1.73m?)
=90 2029 (45.5%) 2036 (44.8%) 898 (59.7%)
60-<90 2153 (48.3%) 2219 (48.8%) 538 (35.8%)
<60 277 (6.2%) 289 (6.4%) 67 (4.5%)
Used statin within 2 weeks prior to visit 424 (9.5%) 531 (11.7%) 125 (8.3%)
Lp-PLA, activity (nmol/min/mL), mean (SD)  220.2 (63.0) 234.4 (61.2)  236.9 (60.8)
Lp-PLA, activity = 225 nmol/min/mL 1964 (44.0%) 2488 (54.8%) 849 (56.5%)
C-Reactive Protein (mg/L), median (1Ql) 24(1.0,54) 22(1.0,51) 31(14,6.3)
C-Reactive Protein > 3 mg/L 1930 (43.3%) 1852 (40.8%) 756 (50.3%)
Pack/day smoked, median (1QI) 1.0 (0.5, 1.0)

*
Results are presented as mean (SD), N (%), or median (Interquartile Interval),

t

density lipoprotein; Lp-PLA2, lipoprotein-associated phospholipase A2
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Table 2

Cross-sectional Associations ™ of Smoking Status with the Prevalence of Elevated Lp-PLA, Activity and
HsSCRP at Visit 4.

Model 17 Model 2F

adjPRR (95% Cl) P-value adjPRR (95% Cl) P-value

Elevated Lp-PLA,S
Never Smokers 1 (Ref) 1 (Ref)
Former Smokers 0.96 (.93, 1.00) 0.05 0.98 (0.94, 1.02) 0.26
Current Smokers 1.14 (1.08, 1.19) <0.001 1.08 (1.03, 1.13) 0.002

Elevated hsCRP/
Never Smokers 1 (Ref) 1 (Ref)
Former Smokers 1.10 (1.05, 1.15) <0.001 1.09 (1.04, 1.15) <0.001
Current Smokers 1.27 (1.20, 1.35) <0.001 1.43(1.34,1.51) <0.001

*
Abbreviations: Lp-PLA2, lipoprotein-associated phospholipase A2; hsCRP, high-sensitivity C-Reactive Protein; adjPRR, adjusted prevalence risk
ratio; CI, confidence interval

fModeI 1: Adjusted for age, sex, and race-center.

'fModeI 2: Model 1 + current drinker, hypertension, body mass index, diabetes mellitus status, total cholesterol, HDL cholesterol, estimated

glomerular filtration rate, and statin use.

§Elevated Lp-PLA2 activity was defined as value = 225 nmol/min/mL (clinical cut-point)

//Elevated hsCRP was defined as value > 3 mg/L (AHA/CDC cut-point)
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Table 3
Hazard Ratios (HR) for CHD, Stroke and ASCVD by Smoking Status and Intensity over 17-year mean follow-
up”
Model  Smoking parameter CHD Stroke ASCVD
Smoking status HR (95% CI) HR (95% CI) HR (95% CI)
17
Never smokers 1 (Ref) 1 (Ref) 1 (Ref)
Former smokers 1.26 (1.10, 1.44) 1.10 (0.92, 1.29) 1.18 (1.06, 1.31)
Current smokers 1.95(1.65,2.31) 7 1.89(1.51,2.36) 7" 1.93 (1.68, 2.21) "
Pfor linear trend <0.001 <0.001 <0.001
2%
Never smokers 1 (Ref) 1 (Ref) 1 (Ref)
Former smokers 1.19 (1.04, 1.36) 1.12 (0.94, 1.33) 1.14 (1.02, 1.28)
Current smokers 2.11(1.78,2.51) " 1.93(1.53,2.43)"" 2.04 (1.76,2.35) "
Pfor linear trend <0.001 <0.001 <0.001
Smoking intensity HR (95% CI) HR (95% CI) HR (95% CI)
17
< 0.5 pack/day 1 (Ref) 1 (Ref) 1 (Ref)
>0.5-1 pack/day 1.05 (0.78, 1.41) 1.37 (0.89, 2.12) 1.09 (0.85, 1.40)
>1pack/day 138(093,207)  201(109,370) 157 (111,223)™
Pfor linear trend 0.11 0.025 0.010
Packs/day continuous  1.33 (1.02, 1.74) 144(0.98,2.11) 139 (1.11,1.75)™
27

< 0.5 pack/day
>0.5-1 pack/day
>1 pack/day
Pfor linear trend

Packs/day continuous

1 (Ref)
1.04 (0.76, 1.41)
1.33(0.88, 2.01)

0.17
1.29(0.97, 1.71)

1 (Ref)
1.43 (0.92, 2.23)

*

2.29 (1.22,4.30) "
0.010
1.57 (1.05, 2.33)

1 (Ref)
1.11 (0.86, 1.43)

1.60 (1.13, 2.28) ™
0.009

1.39(1.10, 1.76)

Bolded items are statistically significant. Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CHD, coronary heart disease; Cl,
confidence interval; Lp-PLAD, lipoprotein-associated phospholipase A2; hsCRP, high-sensitivity C-Reactive Protein

*:

A
P-value < 0.001

fModeI 1: Adjusted for age, sex, and race-center.

t

Model 2: Model 1 + current drinker, hypertension, body mass index, diabetes mellitus status, total cholesterol, HDL cholesterol, estimated
glomerular filtration rate, and statin use.
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Table 4

Comparing the Predictive Power of Survival Models Including Traditional Risk Factors with and without Lp-
PLA, Activity or HSCRP among Current Smokers.

Model Harrell’scindices 95% Conf. Interval  P-value

AY 0.666 0.643, 0.689 <0.001
g’ 0.668 0.645, 0.690 <0.001
ct 0.675 0.652, 0.698 <0.001

Differences between Harrell’s ¢ indices

A-B -0.002 -0.004, 0.001 0.19
A-C -0.009 -0.126, -0.005 <0.001
B-C -0.007 -0.012, -0.003 0.001

*
Model A was adjusted for age, sex, race-center, current drinker, hypertension, body mass index, diabetes mellitus status, total cholesterol, HDL
cholesterol, estimated glomerular filtration rate, and statin use.

fModeI B: traditional risk factors plus Lp-PLA activity

’tModeI C: traditional risk factors plus hsCRP
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