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Abstract

Background: Fine particulate matter (PM> 5) exposure is associated with increased morbidity
and mortality, particularly for cardiovascular disease. The association between long-term exposure
to PM> 5 and measures of lipoprotein subfractions remains unclear. Therefore, we examined
associations between long-term PM> 5 exposure and traditional and novel lipoprotein measures in
a cardiac catheterization cohort in North Carolina.

Methods: This cross-sectional study included 6587 patients who had visited Duke University for
a cardiac catheterization between 2001 to 2010 and resided in North Carolina. We used estimates
of daily PM5 5 concentrations on a 1km-grid based on satellite measurements. PM, g predictions
were matched to the address of each patient and averaged for the year prior to catheterization date.
Serum lipids included HDL, LDL, and triglyceride-rich particle, and apolipoprotein B
concentrations (HDL-P, LDL-P, TRL-P, and apoB, respectively). Linear and quantile regression
models were used to estimate change in lipoprotein levels with each pg/m3 increase in annual
average PM 5. Models were adjusted for age, sex, race/ethnicity, history of smoking, area-level
education, urban/rural status, body mass index, and diabetes.
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Results: For a 1-pg/m3 increment in PM, 5 exposure, we observed increases in total and small
LDL-P, LDL-C, TRL-P, apoB, total cholesterol, and triglycerides. The percent change from the
mean outcome level was 2.00% (95% CI: 1.38%, 2.64%) for total LDL-P and 2.25% (95% CI:

1.43%, 3.06%) for small LDL-P.

Conclusion: Among this sample of cardiac catheterization patients residing in North Carolina,
long-term PM> 5 exposure was associated with increases in several lipoprotein concentrations.
This abstract does not necessarily reflect U.S. EPA policy.
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1. Introduction

Long-term air pollution exposure is associated with both cardiovascular disease (CVD)
morbidity and mortality. The majority of evidence exists for associations between ambient
fine particulate matter <2.5 pg/m3 (PM, 5) and CVD, particularly among susceptible
subgroups such as older adults (Brook et al. 2010; Brook et al. 2017). In fact, about 72% of
all PM-related deaths are due to ischemic heart disease and strokes (WHO 2014).
Epidemiological studies have found associations between long-term PM, 5 exposure and
clinical measures of atherosclerosis such as coronary artery calcification and carotid intima-
media thickness (Kaufman et al. 2016; Kunzli et al. 2005). In addition to increasing systemic
inflammation and oxidative stress, PM 5 oxidizes blood lipids, which can potentially lead to
progression of atherosclerosis (Araujo 2010). Assessing associations between PM> 5 and
atherosclerosis risk markers may provide insight into the pathophysiological pathways by
which PM causes adverse cardiovascular outcomes.

Low density lipoprotein cholesterol (LDL-C) is a well-established mediator of CVD
pathogenesis and progression. LDL-C lowering therapies are major targets of CVD risk
reduction strategies. However, LDL-C measures the cholesterol content of LDL particles
rather than the total number of particles. Studies have suggested that LDL particles (LDL-P)
concentrations—particularly small LDL-P subfractions— may be better markers of C\VD
risk than LDL-C per se, possibly because of the greater likelihood of smaller particles to
enter the arterial wall and cause damage (Blake et al. 2002; Ip et al. 2009; Lamarche et al.
1997; Zaid et al. 2016). A few previous studies have assessed associations between PM; 5
and standard lipid measures, including LDL-C (Chuang et al. 2011; Jiang et al. 2016;
Yitshak Sade et al. 2016); but very little is known about the association of PM 5 with
lipoprotein particle size and concentration.

We previously reported associations between measures of fine particulate matter and
cardiovascular disease (McGuinn et al. 2017). The association between long-term air
pollution and measures of lipoprotein concentrations, however, remains poorly understood.
Therefore, the goal of the current study was to assess associations between annual average
PM, 5 levels and circulating lipoprotein concentrations in a cohort of cardiac catheterization
patients. We assessed associations with total number of LDL particle concentrations, as well
as mean particle sizes (small, medium, and large) of lipoproteins, reflecting lipid content.
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Further, we compared associations among PM, 5 and LDL-P measures with those of
standard LDL-C. We additionally assessed associations among PM> 5 and characteristics
(concentration and size) of HDL (HDL-P), triglyceride-rich particle concentrations (TRL-P),
and apolipoprotein B (apoB), as well as with standard lipid measures (total cholesterol and
triglycerides).

2. Methods

2.1 Study Population

We used data from a cohort of patients undergoing a cardiac catheterization between 2001-
2010 at Duke University Hospital in North Carolina (CATHGEN, CATHeterization
GENetics Study) (Kraus et al. 2015). Participants in the current study underwent a cardiac
catheterization in order to diagnose and treat coronary artery disease. The CATHGEN study
collected blood samples from individuals presenting to the catheterization laboratory for
concern of coronary artery disease and other cardiovascular conditions. Additional patient
information came from medical records and a questionnaire administered upon enrollment in
the study. Extent of coronary artery disease was assessed using the Coronary Artery Disease
index. Individuals were defined as having significant coronary artery disease (CAD index
>23) if they had > 75% luminal stenosis in one epicardial coronary artery (Bart et al. 1997).
The CATHGEN biorepository is monitored and approved by the Duke University
Institutional Review Board. Written informed consent was received from participants prior
to inclusion in the study.

Complete details of the CATHGEN study population have been described previously (Kraus
et al. 2015). There were 9334 total participants in the CATHGEN study population. Of
those, 7116 resided in North Carolina and had geocode information available. We further
excluded individuals with missing lipoprotein outcome data (n=497) and covariate data
(n=32). This resulted in a final sample of 6587 participants for the current study.

2.2 Lipoprotein Measures

Fasting plasma samples were collected at the time of the catheterization visit. Lipoprotein
particle concentrations and sizes were measured by nuclear magnetic resonance (NMR)
spectroscopy at LabCorp using the LP4 NMR LipoProfile (Jeyarajah et al. 2006). Particles
were grouped into different sizes based on the amplitude of their lipid methyl group signals
(Jeyarajah et al. 2006). Table 1 shows a description of each of the included particle
concentration and subclass measures. LDL subclasses include: large (21.5 — 23 nm),
medium (20.5 — 21.4 nm), and small LDL-P (19 — 20.4 nm). HDL subclasses include: large
(10.3 = 12 nm), medium (8.7 — 9.5 nm), and small HDL-P (7.4 — 7.8 nm). TRL-P subclasses
include: large (50-89 nm), medium (37-49 nm), and small TRL-P (30-36 nm). Total LDL-
P, HDL-P, and TRL-P are calculated as the sum of the particle concentrations of the LDL,
HDL, and TRL-P subclasses. Mean LDL, HDL, and TRL sizes were calculated as mass-
weighted averages (Jeyarajah et al. 2006). Concentrations below the limit of detection were
assigned the lowest detectable value for that particular measure.
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Standard cholesterol and apolipoprotein measures were not available for the current
analyses. Therefore, we used NMR-derived measures of LDL-C, HDL-C, total triglycerides,
total cholesterol, and apoB. NMR-derived cholesterol measures were highly correlated with
standard cholesterol measures in a separate reference population (Matyus et al. 2014)
(r=0.95; information from the testing laboratory).

2.3 Exposure Assessment

We used daily PM> 5 concentrations estimated at a 1x1km spatial grid resolution for North
Carolina from 2001-2010 (Di et al. 2016). The previously developed hybrid prediction
model incorporated simulation outputs from a chemical transport model, satellite aerosol
optical depth data, meteorological variables, and land-use terms. This prediction model
additionally used a neural network to calibrate all the predictors to monitored PM, 5. Finally,
the model was trained and validated with ten-fold cross-validation (R? of 0.84).

Patient addresses on the date of their catheterization were matched to the nearest 1km grid
centroid. Daily PM5 5 predictions were averaged for the year prior to each patient’s study
visit date (McGuinn et al. 2017). We refer to this measure as the annual average PM, 5 value
throughout the text.

2.4 Covariates

Data on covariates were obtained from the intake questionnaire and medical records. The
final adjustment set identified from the directed acyclic graph included: age (continuous),
sex, race/ethnicity (non-Hispanic white, African American, other), current/former smoker
(yes/no), body mass index (continuous), history of diabetes, area-level education (high/low),
and urban/rural status. Percentage of individuals in the block group without a high school
education was obtained from the 2000 U.S. Census and used to define area-level education
(U.S. Census Bureau 2000). Data on urban/rural status were obtained from the 2000 U.S.
Census at the census tract level (Rural Health Research Center 2009).

2.5 Statistical Analyses

We assessed correlations between the lipoprotein outcome measures using Pearson
correlation coefficients. Total and small LDL-P measures have been most consistently
associated with CVD risk in recent studies (Mora et al. 2007; Zaid et al. 2016). Therefore,
the main analyses focused on LDL-P particle concentrations and sizes (total, small, medium,
and large), as well as standard LDL cholesterol (LDL-C). Secondary analyses included
associations between PM> 5 and HDL-P and TRL-P total particle concentrations and sizes,
as well as standard cholesterol measures including HDL-C, total cholesterol, total
triglycerides, and apoB.

Associations between PM, 5 and the included lipoprotein measures were first examined
using linear regression modeling. Next, because not everyone is equally responsive to PM s,
we investigated whether PM, 5 exposure influences lipoprotein levels differently for
individuals with low lipoprotein concentrations compared to those with high concentrations.
Specifically, we assessed whether annual average PM> 5 was associated with percentiles of
the outcome distribution in 20% increments (10t, 30th, 50t 70t and 90t") using quantile
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regression (Bind et al. 2016). For measures with >10% of concentration below the limit of
detection we used three (medium LDL-P and large TRL-P) and four (medium TRL-P)
percentile levels. Finally, we assessed if sex (male vs female) and race (white vs. non-white)
modified associations among PM> 5 and total LDL-P concentrations by including interaction
terms between these variables and PM, 5. For all analyses, results are presented as the
percentage change of the mean outcome variable and 95% confidence intervals per 1-ug/m3
increase in the annual average PM 5 level.

3. Results

3.1 Study Population

Demographic and clinical characteristics of the study population are presented in Table 2.
About half of the included participants had clinically significant coronary artery disease. The
majority of included CATHGEN participants were male, overweight/obese, and non-
Hispanic White. About half of the study population (48%) had a history of smoking, and
29% had a history of diabetes. Urban/rural status was roughly evenly distributed, with 42%
of participants residing in urban areas. The average annual average PM, 5 level for the study
population was 12.5 pg/m3 (SD: 1.2), with a range of 6.9 to 17.4 pug/m3. Those included in
the current analyses were slightly more likely to be non-white and female compared to those
who were excluded (Supplemental Table 1).

3.2 Distribution of Lipoprotein Concentrations

Table 3 summarizes the distribution of the lipoprotein concentrations for the CATHGEN
cohort. Mean lipoprotein concentrations are additionally shown for a reference population of
698 healthy adult men (n=284) and women (n=414) between the ages of 18 and 84, who
were free of disease and not taking any lipid-altering drugs (Matyus et al. 2014). Lipoprotein
concentrations differed between the two groups for all of the included measures, except for
total LDL-P. CATHGEN participants had on average greater concentrations of small LDL-P
and lower concentrations of medium and large LDL-P than the reference population.
CATHGEN participants additionally had lower concentrations of total HDL-P than the
reference population. The LDL particle size distribution in the CATHGEN cohort ranged
from 19-23 nm, with an average size of 20.4 nm.

Supplemental Table 2 shows the mean LDL levels by CATHGEN participant characteristics.
Several of the included characteristics differed for all three LDL measures; these include,
age, sex, body mass index, area-level education, and urban/rural status. Individuals with
significant coronary artery disease (CAD) had on average greater concentrations of small
LDL-P; however, total LDL-P and LDL-C concentrations did not differ by CAD status.

3.3 Correlation Among Lipoprotein Concentrations

Supplemental Table 3 presents the Pearson correlation coefficients for the particle
concentrations and sizes and NMR-derived lipids. There were strong correlations between
total LDL particle concentrations with NMR-derived LDL-C (0.96) and total cholesterol
(0.89). There were additionally strong correlations between total LDL-P and small LDL-P
(0.80). NMR derived HDL-C was strongly correlated with both total (0.74) and large HDL-P
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(0.76), while total HDL-P was moderately correlated with small HDL-P (0.71). There were
additionally positive correlations between NMR-derived total triglycerides and all of the
TRL-P measures (0.74-0.84), except small TRL-P.

3.4 LDL-Related Associations with PMy g

Figure 1 shows the adjusted associations among PM, 5 and measures of LDL particle
concentrations and sizes, and NMR-derived LDL-C. The results are reported as the
percentage change from the mean outcome level per 1-ug/m3 increase in annual average
PM, 5. As seen in this figure, long-term PM> 5 exposure was most strongly associated with
greater total and small LDL particle concentrations. We observed associations with medium
LDL-P, however results were imprecise and the 95% confidence interval included the null.
Finally, we additionally observed increases in NMR-derived LDL-C levels with each 1-
pg/m3 increase in annual average PM, 5. The results for LDL-C were similar in effect size to
the total and small LDL-P results.

We conducted stratified analyses in order to assess if the association between PM, 5 and
total LDL-P differed by sex and race. In stratified models, we observed stronger associations
between PM5 5 and LDL-P levels for women (% change for women: 2.53%, 95% CI 1.55%,
3.50%) compared to men (% change for men: 1.67%, 95% CI 0.84%, 2.51%), however the
interaction was not significant. We additionally observed slight differences for whites vs.
non-whites in our study population (% change for whites: 2.26%, 95% CI 1.55%, 2.97%;
non-whites: 1.34%, 95% CI —0.12%, 2.79%), although this interaction was also not
significant.

3.5 HDL-P, TRL-P, and NMR-derived Lipids Associations

Figure 2 shows the adjusted associations among PM, 5 and HDL-P and TRL-P total particle
concentrations and sizes, as well as NMR-derived HDL-C, total triglycerides, total
cholesterol, and apoB. There were consistent elevated associations among long-term PM; 5
and triglyceride-rich particle concentrations and sizes, particularly for total and medium
TRL-P. These associations were similar to those for NMR-derived total triglyceride. There
were less consistent associations between PM, 5 and the HDL-P measures. However, there
were more significant associations for total and medium HDL-P, as well as HDL-C. Finally,
we observed greater total cholesterol and apoB concentrations associated with each 1-pg/m?3
increase in annual average PM; s.

3.6 Quantile Regression Analyses

We additionally investigated whether PM, 5 exposure influences lipoprotein levels
differently for individuals with low concentrations compared to those with greater
lipoprotein concentrations. Figure 3 (A-C) shows the associations between PM5 5 by six
quantiles of the lipoprotein outcome distribution (with breaks at the 101, 30t, 50t 70t and
90t percentiles). The associations were heterogeneous across quantiles. There was an
increasing trend for total, small, and medium LDL-P, and LDL-C (Figure 3A). The
percentage change from the mean outcome level per 1-ug/m3 increase in PM, 5 ranged from
1.22% (10t percentile) to 2.94% (90™ percentile) for total LDL-P and 0.94% (10t
percentile) to 4.41% (90t percentile) for small LDL-P.
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The relationships for HDL were less consistent. However, there was an increasing trend for
medium HDL-P (Figure 3B). Finally, there was an increasing trend across quantiles for
several of the TRL-P measures and NMR-derived total triglycerides (Figure 3C). The
percentage change from the mean outcome level per 1-pg/m3 increase in PM, 5 ranged from
1.58% (10t percentile) to 4.36% (90t percentile) for total TRL-P and 1.09% (10t
percentile) to 7.42% (90t percentile) for total triglycerides.

4. Discussion

Among this sample of cardiac catheterization patients residing in North Carolina and
undergoing coronary angiography, long-term ambient air PM, 5 exposure was associated
with increases in several standard and novel blood lipoprotein concentrations. The use of
NMR technology is an emerging way to characterize lipoprotein particle concentrations.
While the clinical advantages of these new measures when compared with standard
cholesterol measures remain debated (Allaire et al. 2017; Steffen et al. 2015), NMR-based
measures of blood lipoprotein particle size and concentration are predictive of future
cardiovascular events in a cardiac catheterization cohort (May et al. 2016), and offer a novel
and more refined approach to measuring the relationship between long-term PM, 5 exposure
and changes in blood lipoprotein composition. We found associations between long-term
PM, 5 and total and small LDL-P, and NMR-derived LDL-C. Additionally, our findings
showed elevated associations between PM, 5 and measures of TRL-P and NMR-derived
total cholesterol and triglycerides.

To the best of our knowledge, this is the first study to examine the impact of long-term
PM, 5 exposure on LDL particle concentrations and sizes. Our findings showed significant
associations for total and small LDL-P concentrations. We additionally observed
associations with medium LDL-P. However, the results were imprecise and 41% of the
medium LDL-P measures were below the LOD, thus these specific findings should be
interpreted with caution. Our findings between PM>, 5 and elevated total and small LDL-P
concentrations were similar for NMR-derived LDL-C, which is expected given the strong
correlations between total LDL-P and NMR-derived LDL-C in our study population. Other
studies have found strong correlations between total LDL-P and LDL-C using standard
methods, although correlations were not as strong as those observed in our study between
LDL-P and NMR-derived LDL-C (Matyus et al. 2014). The positive correlations between
total LDL-P and small LDL-P is additionally expected given that small LDL-P makes up the
majority of total LDL-P concentrations in this study population. This positive correlation
between total and small LDL-P has additionally been observed in previous studies (Zaid et
al. 2016).

A few previous studies have assessed associations between long-term air pollution exposure
and LDL using standard LDL cholesterol measures. Studies in China (Jiang et al. 2016),
Taiwan (Chuang et al. 2011), California (Chen et al. 2016), and Israel (Yitshak Sade et al.
2016) have found consistent associations between intermediate and long-term air pollution
exposure and elevated LDL-C. Findings from these studies showed inconsistent effects for
short-term exposures. Using particle concentrations to assess the association between air
pollution and LDL levels may be more clinically meaningful given that total particle number
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is thought to potentially be a better predictor of cardiovascular disease than standard
cholesterol measures alone, particularly for individuals with discordant LDL-P/LDL-C
levels (Otvos et al. 2011; Zaid et al. 2016). Further, previous studies have specifically found
smaller dense LDL particles to be strongly associated with coronary artery disease (Blake et
al. 2002; Kuller et al. 2002; Lamarche et al. 1997), possibly because smaller dense particles
can more easily move between the endothelial cells and are more easily oxidized, thus
increasing susceptibility to atherosclerosis. Therefore, these particle concentration measures
may be a better predictor of potential adverse outcomes associated with PM5 5 exposure than
traditional measures of blood cholesterol and may also help in understanding the underlying
mechanisms between PM> 5 and cardiovascular disease.

We additionally found associations between long-term PM 5 exposure and increases in
triglyceride-rich particle concentrations and sizes, as well as with NMR-derived total
triglycerides and cholesterol. This is consistent with a few previous studies that found
associations between long-term air pollution exposure and increased levels of standard
measures of total triglycerides and cholesterol (Shanley et al. 2016; Sorensen et al. 2015).
Elevated triglyceride levels are independently associated with increased risk of
cardiovascular events (Rosenson et al. 2014). Moreover, recent genetic studies suggest that
triglycerides may also have a causal relationship with cardiovascular disease (Holmes et al.
2015; Triglyceride Coronary Disease Genetics et al. 2010). Thus, in addition to being
associated with a more atherogenic LDL particle profile, long-term PM, 5 exposure may
shift the triglyceride-rich particle profile to potentially atherogenic subclasses.

Long-term PM,, 5 exposure was also associated with increased apolipoprotein B
concentrations. Although LDL accounts for approximately 90% of apoB particles, apoB is
also found on other atherogenic lipoproteins such as very low-density lipoproteins and
intermediate density lipoproteins and, as such, apoB concentrations predict cardiovascular
risk better than LDL-C alone (Sniderman et al. 2011).

We observed inconsistent associations with HDL particle concentrations and sizes. Our
results showed increased levels of total and medium HDL-P and HDL-C with each 1-ug/m?3
increase in annual average PM> s, and null associations with small and large HDL-P
concentrations. Bell et al. (2017) assessed associations between short, intermediate, and
long-term air pollutant exposure and measures of HDL-C and HDL-P. Findings from their
study showed inverse associations between intermediate and long-term air pollution and
HDL-C and HDL-P. Mean total HDL-P and HDL-C levels in their study population were
34.0 umol/L and 51.0 mg/dL, respectively, which are on average higher than the observed
levels in our study population.

The Clean Air Act mandates that air quality standards be set to protect susceptible
populations (EPA 2007). Several previous studies have shown that not everyone is equally
responsive to air pollution (Sacks et al. 2011). Thus, it is important for epidemiological
studies to assess the health effects of air pollution exposure in potentially sensitive
populations. Therefore, we investigated whether everyone in the CATHGEN population was
equally responsive to PM, 5 using quantile regression. The advantage of using quantile
regression is that we were able to use the entire distribution of the lipoprotein
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concentrations, in order to identify participants who were most and least responsive. Our
results showed an increasing trend for several of the LDL, TRL-P and total triglyceride
measures, with the greatest percent change in the highest percentiles of these outcome
measures. This is consistent with a recent study that found an increasing trend between black
carbon and PM,, s with standard measures of LDL and triglycerides using quantile

regression (Bind et al. 2016).

Our study is not without limitations. First, standard cholesterol measures were not available
for the current analyses. We relied on NMR-derived LDL-C, HDL-C, total triglyceride, and
total cholesterol measures, which were highly correlated with standard cholesterol measures
in a separate reference population. Next, we made use of an area level PM, 5 measure, thus
resulting in some amount of exposure misclassification. However, the use of modeled air
pollution data at a fine spatial resolution should help to reduce this error. Further, spatial
clustering is of concern in air pollution analyses such as these. In our assessment of the data
we did not observe any significant clustering. Additionally, we may have inadequately
controlled for all potential confounders as we did not have information on medication use,
including lipid-lowering drugs, or measures of individual-level SES.

Catheterization patients represent a selective population; thus, results may not be
generalizable to the general population. For instance, in comparing levels of lipoprotein
concentrations from CATHGEN with those from a healthy reference population we found
significant differences between the two groups for all measures, except total LDL-P
(Supplementary Table 1). Whether similar changes in lipoprotein particle profiles with long-
term PM>, 5 exposure occur in healthier individuals remains to be explored. An additional
concern is the potential for selection bias. It is theoretically possible that air pollution
exposure could impact selection into the study if people who reside in areas of higher air
pollution are more likely to have a heart condition, and thus more likely to need an
intervention such as catheterization. Factors, such as race/ethnicity and SES, could
additionally impact selection into the study and are associated with air pollution exposure.
We adjusted for race/ethnicity and an area-level SES measure in our analyses.

To our knowledge, this is the first study to link long-term PM, 5 exposure with measures of
LDL particle concentration and size. A few previous studies have assessed associations with
standard cholesterol measures; however, it has recently been suggested that novel measures
of particle concentrations may be more clinically relevant to assigning risk of
atherosclerosis. Further, we used an improved exposure assessment method that helped to
minimize measurement error by combining GEOS-Chem predictions with AOD data,
monitored values of PM> 5, meteorological values, and land use terms at a fine spatial
resolution. Finally, CATHGEN is an at-risk population with cardiovascular disease, a group
known to be especially susceptible to PM> 5.

In conclusion, we found associations between long-term PM5 5 exposure and several of the
included lipoprotein measures, including total and small LDL-P and apoB. The results of our
study may help in understanding the underlying mechanisms between PM, 5 exposure and
cardiovascular disease.
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Figure 1.
Associations between 1-pg/m?3 increases in annual average PM, 5 and measures of total

particle concentrations and sizes of LDL-P and NMR-derived LDL-C. Results are adjusted
for race/ethnicity, history of smoking, sex, age, area level education, urban/rural status, body
mass index, and diabetes.
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Figure 2.
Associations between 1-ug/m?3 increases in annual average PM, 5 and measures of HDL-P,

TRL-P, and NMR-derived HDL-C, total triglycerides, total cholesterol, and ApoB. Results
are adjusted for race/ethnicity, history of smoking, sex, age, area level education, urban/rural
status, body mass index, and diabetes.
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Figure 3.

Associations between 1-pg/m?3 increases in annual average PM, 5 and quantiles of the
distribution of lipoprotein measures. A, total particle concentrations and sizes of LDL-P and
NMR-derived LDL-C. B, total particle concentrations and sizes of HDL-P and NMR-
derived HDL- C. C, total particle concentrations and sizes of TRL-P and NMR-derived
triglycerides, total cholesterol, and ApoB. Results are adjusted for race/ethnicity, history of
smoking, sex, age, area level education, urban/rural status, body mass index, and diabetes.
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Table 1.
Description of included lipoprotein measures
Parameter Description g;ngst(er:m)
LDL Particle (LDL-P) Concentrations (nmol/L)
Total LDL-P Total number of LDL particle concentrations. Sum of LDL-P subclass measures 19-23
Large LDL-P Large LDL particle concentrations 21.5-23
Medium LDL-P Medium LDL particle concentrations 20.5-21.4
Small LDL-P Small LDL particle concentrations 19-20.4
HDL Particle (HDL-P) Concentrations (umol/L)
Total HDL-P Total number of HDL particle concentrations. Sum of HDL-P subclass measures 7.5-13
Large HDL-P Large HDL particle concentrations 10.3-12.0
Medium HDL-P Medium HDL particle concentrations 8.7-9.5
Small HDL-P Small HDL particle concentrations 7.4-7.8
TG-rich Lipoprotein Particle (TRL-P) Concentrations (nmol/L)
Total TRL-P Total number of TRL-P particle concentrations. Sum of TRL-P subclass measures  24-240
Large TRLP Large TRL-P particle concentrations 50-89
Medium TRLP Medium TRL-P particle concentrations 37-49
Small TRLP Small TRL-P particle concentrations 30-36
Mean Particle Sizes (nm)
TRL size (nm) Mass weighted mean TRL particle sizes 30-100
LDL size (nm) Mass weighted mean LDL particle sizes 19-22.5
HDL size (nm) Mass weighted mean HDL particle sizes 7.4-13

NMR-derived Lipid and Apolipoprotein Concentrations (mg/dL)

LDL-C NMR derived low-density lipoprotein cholesterol
HDL-C NMR derived high-density lipoprotein cholesterol
Total Triglycerides NMR derived total triglycerides

Total Cholesterol NMR derived total cholesterol

ApoB Apolipoprotein B

HDL indicates high-density lipoprotein; LDL, low-density lipoprotein; NMR, nuclear magnetic resonance; TG, triglyceride.
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Table 2.
Characteristics of the CATHGEN study population

Characteristic Total (n=6587)

Annual average PM; 5 125+1.2
Age at time of enrollment 60.8+12.1
Body mass index (kg/m?) 30.1+7.3

Coronary Artery Disease?

Yes 2950 (50)

No 2976 (50)
Sex

Male 3,991 (61)

Female 2,596 (39)
Raceb

Non-Hispanic white 4,853 (74)

African American 1,340 (20)

Other 394 (6)
History of smoking

Yes 3,152 (48)

No 3,435 (52)
History of diabetes

Yes 1,886 (29)

No 4,701 (71)

Area level education®
Low 2,693 (41)
High 3,894 (59)

Urban/rural statusd
Urban 2,770 (42)
Rural 3,817 (58)

Data are reported as 77 (%) or mean = SD. LDL-P, low-density lipoprotein particle concentration.

aBinary measure of coronary artery disease (>23 CAD index).

bOther race/ethnicity includes Native American, Hispanic, Asian, and unknown.

cLow educational attainment includes those who live in block groups where =25% of males and females have less than a high school education.

a ] S .
Urban status was defined as living in a metropolitan urban core census tract.
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Table 3.

Descriptive statistics of the included lipoprotein measures

Lipoprotein Concentration CATHGEN Healthy reference population®
Mean + SD (Sth—95tRhapr:3grientile) Mean + SD (Sth—95§apnegrientile)

LDL Particle (LDL-P)

(nmol/L)
Total LDL-P 1452 + 445 836 — 2277 1454 + 393 891 - 2150
Large LDL-P 165 + 159 0.07 - 464 309 + 223 17 -748
Medium LDL-P 132 + 209 0.02 — 554 676 + 405 0-1377
Small LDL-P 1156 + 449 510 - 1973 469 + 431 13-1318

HDL Particle (HDL-P)

(umol/L)
Total HDL-P 18.4+3.9 12.3-24.9 240+3.0 19.2-29.3
Large HDL -P 16+13 04-43 25+19 02-6.3
Medium HDL -P 43+26 1.0-9.2 7.7£27 3.7-126
Small HDL -P 124+ 4.0 5.7-18.8 13.8+3.4 8.1-19.6

TG-rich Lipoprotein Particle

(TRL-P) (nmol/L)
Total TRL-P 133+73.8 30.0-268 125+ 61.6 42-239
Large TRL-P 27+51 0.0-13.0 29+65 0.0-12.8
Medium TRL-P 19.4 +20.6 0.0-59.7 17.9+16.2 0.3-484
Small TRL-P 38.6+325 0.07-98.8 56.5+37.5 7.3-124

NMR-derived Lipid and

Apolipoprotein (mg/dL)
LDL-C 97.8+31.6 54.1-155 111+ 30.7 63 -163
HDL-C 443+118 29.0-66.2 61.1+14.4 41-88
Total triglycerides 106 + 83.6 30.2 - 249 119+ 89.8 53 -127
Total cholesterol 166 + 39.7 110 - 237 194 + 36.5 116 - 209
Apolipoprotein B 81.0+24.6 47.2-126 87.1+23.6 53-127

All p-values for t-tests comparing the means between the two populations were <0.05, except for total LDL-P. HDL, high-density lipoprotein; LDL,
low-density lipoprotein; NMR, nuclear magnetic resonance.

laComparison reference population includes healthy adult men (n=284) and women (n=414) between the ages of 18 and 84 (Matyus et al. 2014)
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