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Abstract

Background—Worldwide clinical practice guidelines for dyslipidemia emphasize allocating
statin therapy to those at the highest absolute atherosclerotic cardiovascular disease (CVD) risk.

Methods and Results—We examined 5,534 MESA participants who were not on baseline
medications for dyslipidemia. Participants were classified by baseline CAC score (>0, =100) and
the common clinical scheme of counting lipid abnormalities (LA), including LDL-C =3.36 mmol/
L (130 mg/dL), HDL-C <1.03 mmol/L (40 mg/dL) for men or <1.29 mmol/L (50 mg/dL) for
women, and triglycerides =1.69 mmol/L (150 mg/dL). Our main outcome measure was incident
CVD (myocardial infarction, angina resulting in revascularization, resuscitated cardiac arrest,
stroke, cardiovascular death). Over a median follow-up of 7.6 years, more than half of events
(55%) occurred in the 21% of participants with CAC=100. Conversely, 65% of events occurred in
participants with zero or one LA. In those with CAC=100, CVD rates ranged from 22.2 to 29.2 per
1,000 person-years across LA categories. In contrast, with CAC=0, CVD rates ranged from 2.4 to
6.2 per 1,000 person-years across LA categories. Individuals with zero LA and CAC=100 had a

Correspondence: Khurram Nasir, MD, MPH, Center for Wellness and Prevention, Baptist Health South Florida, 1691 Michigan
Avenue, Suite 500, Miami Beach, FL 33139, Phone: 305-538-3828, Fax: 305-538-1979, khurramn@baptisthealth.net,
knasirl@jhmi.edu.

Conflict of Interest Disclosures: Dr. Budoff serves on the speakers’ bureau for GE Healthcare. Dr. Virani had a grant through Merck
related to dyslipidemia ending in 12/2011. The other authors have no potential conflicts of interest relevant to this article.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Martin et al. Page 2

higher event rate compared to individuals with three LA but CAC=0 (22.2 vs 6.2 per 1,000 person-
years). Similar results were obtained when classifying LA using dataset-quartiles of TC/HDL-C,
LDL-C, non-HDL-C, or LDL particle concentration and guideline-categories of LDL-C or non-
HDL-C.

Conclusions—CAC may have the potential to help match statin therapy to absolute CVD risk.
Across the spectrum of dyslipidemia, event rates similar to secondary prevention populations were
observed for patients with CAC=100.

Keywords
Atherosclerosis; Cardiovascular disease risk factors; Cholesterol; Computed tomography

International clinical practice guidelines on dyslipidemia emphasize the importance of
matching the use and intensity of statin therapy with the absolute risk of atherosclerotic
cardiovascular disease (CVD).1~* Indeed, independent of the baseline level of dyslipidemia,
patients who have entered the intervention arms of randomized clinical trials of statin
therapy with similar absolute risks of CVD, and achieved similar absolute LDL-C
reductions, have benefitted similarly from therapy.® The continued refinement of absolute
risk assessment in clinical practice is an area of intense interest.

Coronary artery calcium (CAC), a noninvasive measure of subclinical coronary
atherosclerosis, adds incremental absolute risk information to traditional risk factors,6-2 is
particularly discriminatory in intermediate-risk individuals,° and appears superior to other
novel risk markers.? Accordingly, current guidelines assign a Class Ila recommendation for
CAC measurement in asymptomatic intermediate-risk patients (10-20% 10-year risk), and
Class I1b recommendation in low- to intermediate-risk patients (6-10% 10-year risk).10
However, CAC measurement is not currently incorporated into treatment algorithms in
dyslipidemia guidelines in the United States or abroad.1

In considering its potential role in such algorithms, the question arises: how well does CAC
stratify risk across dyslipidemia categories? Therefore, we sought to evaluate the interplay
between CAC and dyslipidemia in relation to CVD outcomes in the Multi-Ethnic Study of
Atherosclerosis (MESA). We hypothesized that 1) many subjects with dyslipidemia would
have no CAC and vice versa, and that 2) CAC would consistently stratify CVD risk across
categories of dyslipidemia.

METHODS

Study participants

Details on the MESA study’s prospective design and organization are available in previous
reports.5-11 From July 2000 to September 2002, 6,814 adults from the general community
were enrolled at six field centers in the United States (Baltimore, Maryland; Chicago,
Illinois; Forsyth County, North Carolina; Los Angeles, California; New York, New York;
and St. Paul, Minnesota). Participants were aged 45-84 years at enrollment, free of clinical
CVD, and identified themselves as white, black, Hispanic, or Chinese. The study was
approved by the Institutional Review Boards at each site and all participants provided
written informed consent.

For the purposes of the present study, 1,194 participants (18%) who were on baseline
dyslipidemia medications were excluded (figure 1). Dyslipidemia medications were statins,
niacin, fibrates, ezetimibe, bile acid sequestrants, or fish oil. Of the remaining 5,620
participants, 86 had missing lipid data and were excluded. The resulting study population
consisted of 5,534 MESA participants.
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CAC measurements

Details on the MESA study’s methods for computed tomography scanning and interpretation
have been published.12 At baseline, each center performed CAC scanning with either a
cardiac-gated electron-beam CT scanner (Chicago, Los Angeles, New York) or
multidetector CT system (Baltimore, Forsyth County, St. Paul) by a standardized protocol
using calcium phantoms to facilitate image calibration. Patients were scanned twice and
images were interpreted at the MESA CT reading center (Los Angeles Biomedical Research
Institute at Harbor—University of California Los Angeles Medical Center, Torrance, CA).

The CAC score was determined by the Agatston method!3 and the mean of the two scores
was used in all analyses. Intraobserver and interobserver agreements were high (kappa, 0.93
and 0.90, respectively).® Participants were told either that they had no coronary calcification
or that the amount was less than average, average, or greater than average and that they
should discuss the results with their physicians.

Lipid measurements

At baseline, total cholesterol, high-density lipoprotein cholesterol (HDL-C), and triglyceride
measurements were performed at the Collaborative Studies Clinical Laboratory at Fairview-
University Medical Center (Minneapolis, MN) in blood samples obtained after a 12 hour
fast. Total cholesterol was measured from plasma using a cholesterol oxidase method
(Roche Diagnostics, Indianapolis, IN) on a Roche COBAS FARA centrifugal analyzer. The
laboratory coefficient of variance (CV) was 1.6%. HDL-C was measured in EDTA plasma
using the cholesterol oxidase method (Roche Diagnostics, Indianapolis, IN) after
precipitation of non-HDL-C with magnesium/dextran (CV 2.9%). Triglycerides were
measured in EDTA plasma using Triglyceride GB reagent (Roche Diagnostics, Indianapolis,
IN) on a Roche COBAS FARA centrifugal analyzer (CV 4.0%).

Low-density lipoprotein cholesterol (LDL-C) was estimated by the Friedewald equation if
triglycerides were <4.52 mmol/L (400 mg/dL).14 Non-HDL-C was calculated as total
cholesterol minus HDL-C. LDL particle number was measured by Nuclear Magnetic
Resonance (NMR) spectroscopy using the commercially available LipoProfile-11 spectral
analysis process (LipoScience, Raleigh, NC) (CV <4%).

Non-lipid risk factors

At baseline, resting blood pressure was measured 3 times using a Dinamap Pro 1000
automated oscillometric sphygmomanometer (Critikon); the mean of the last 2 readings was
used. Hypertension was defined by JNC 6 criteria or history of anti-hypertensive therapy.
Diabetes mellitus was defined as either the presence of a fasting plasma glucose level =7.00
mmol/L (126 mg/dL) or a history of treatment with diabetes medications. Participants were
categorized as current cigarette smokers, former smokers, or persons who had never smoked
based on self-report. A family history of CHD was considered present if any immediate
family member had suffered a myocardial infarction or undergone coronary
revascularization. Socioeconomic status was defined by level of education.

Ascertainment of Incident CVD

Every 9-12 months, through May 2011, trained personnel called to inquire about hospital
admissions, outpatient diagnoses of cardiovascular disease, or deaths. Follow-up telephone
interviews were completed in 92% of living participants. Medical records were obtained for
98% of hospital admissions and 95% of outpatient diagnoses. For reported out of hospital
deaths, the next of kin were interviewed and copies of death certificates were requested.
CVD events were adjudicated by a MESA study committee of cardiologists, physician
epidemiologists, and neurologists.

Circulation. Author manuscript; available in PMC 2015 January 07.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Martin et al.

Page 4

Our main outcome measure is CVD because it is the focus of the latest prevention guidelines
and because statin therapy reduces the risk of both coronary and cerebrovascular
events.3>15-17 CvD events included myocardial infarction, angina resulting in
revascularization, resuscitated cardiac arrest, stroke, or cardiovascular death. Because
knowledge of the CAC score might have affected the ascertainment and management of
angina resulting in revascularization, we conducted a sensitivity analysis of ‘hard CVD”
events in which we excluded angina resulting in revascularization. Additional details on
follow-up methods and event adjudication are available on the MESA web site (http://
www.mesa-nhlbi.org).

Statistical analysis

The CAC score was examined as a binary variable (presence or absence) and as a
categorical variable (0, 1-99, >100).18 Participants were classified as having zero, one, two,
or three lipid abnormalities (LA, a categorical variable), including LDL-C >3.36 mmol/L
(130 mg/dL), HDL-C <1.03 mmol/L (40 mg/dL) for men or <1.29 mmol/L (50 mg/dL) for
women, and triglycerides =1.69 mmol/L (150 mg/dL). We judged that this scheme of
counting abnormalities in core lipid measures, which are each associated with CVD risk,19
reflects the way that many clinicians and patients think about an increasing burden of
dyslipidemia from a clinical standpoint. We prioritized this scheme in analyses given its
simplicity and conceptual similarity to risk factor counting, as used in clinical practice
guidelines.12 In parallel with these analyses, we present results in which dyslipidemia in
classified by TC/HDL-C quartiles.

Baseline characteristics were analyzed by number of LA. We calculated proportions for
categorical variables and mean * standards deviation continuous variables. Chi-square tests
(for categorical variables) and analysis-of-variance tests (for continuous variables) were
used to compare characteristics across LA categories. Framingham Risk Score was
calculated based on the National Cholesterol Education Program Adult Treatment Panel 111
Guideline.2 We used an unadjusted Kaplan-Meier failure function to describe the
occurrence of CVD events over time across strata of CAC and LA or TC/HDL-C quartiles.
Next, we compared absolute CVD event rates and Cox multivariable-adjusted hazard ratios
for CAC categories by LA or TC/HDL-C quartiles. There were no violations of the
proportional hazards assumption by Schoenfeld residuals.

We performed hierarchical multivariable modeling in which Model one was unadjusted,
Model two was adjusted for age, sex, ethnicity, education, and MESA site, and Model three
was adjusted for Model two variables, plus hypertension, diabetes mellitus, smoking, body
mass index, and family history. We tested for interaction between dyslipidemia and CAC,
dyslipidemia and sex, and dyslipidemia and ethnicity.

We further examined CVD event rates by CAC and guideline categories of LDL-C or non-
HDL-C and dataset quartiles of LDL-C (Friedewald), non-HDL-C, or LDL particle
concentration. We also conducted three sensitivity analyses of the multivariable Cox model:
1) adding adjustment dyslipidemia medication initiation during follow-up; 2) excluding
those initiating dyslipidemia medications during follow-up; and 3) including those taking
dyslipidemia medications at any time.

All analyses were performed with Stata software version 11.0 (StataCorp, College Station,
Texas). We considered a two-tailed p value of <0.05 nominally significant. This data
analysis plan was peer reviewed and approved by the MESA Publications & Presentations
committee. A complete copy of the a priori statistical analysis plan (SAP)ZC is available
upon request.
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Study population by LA

Table 1 shows baseline characteristics of the study cohort by LA burden. There were 1,975
(36%) participants with zero LA, 2,021 (37%) with one LA, 1,208 (22%) with two LA, and
330 (6%) with three LA. Age was modestly lower in participants with three LA (60.3+10.0)
compared to those with zero LA (62.0+10.7). The burden of multiple other CVD risk
factors, and the Framingham Risk Score, generally increased as the number of LA increased.

CAC distribution by dyslipidemia categories

CVD events

As shown in figure 2A, more than half of individuals with no LA had CAC=0 (58%),
whereas those with increasing LA were less likely to demonstrate CAC=0 (p<0.0001). CAC
scores of 1-99 and =100 were seen in 22% and 20% of individuals with no LA. In
comparison, the respective prevalence was 29% and 21% among those with three LA.
Similar results were seen when categorizing dyslipidemia by TC/HDL-C quartiles (figure
2B).

Overall, 353 (6%) CVD events occurred during 7.6 years of median follow-up. Those with
any CAC accounted for 288 events (82%). More than half of events (194; 55%) occurred in
the 1,155 participants (21%) with CAC=100. Conversely, 65% of events occurred in
participants with zero or one LA.

The CVD rate was 7.1 per 1,000 person-years (95% CI 5.8-8.7) for those with no LA as
compared to 9.3 (95% CI 7.8-11.0), 11.6 (95% CI 9.5-14.2), and 13.9 (95% CI 9.8-19.8)
per 1,000 person-years among those with one, two, and three LA, respectively. Overall,
2.2%, 6.7% and 16.8% absolute CVD events were seen in those with CAC=0, CAC 1-99
and =100, respectively. During study follow-up, the corresponding CVD event rates were
3.0 per 1,000 person-years (95% CI 2.4-3.9) for those with CAC=0 as compared to 9.8
(95% CI 8.0-12.0) and 26.5 (95% CI 23.0-30.5) per 1,000 person-years among those with
CAC scores of 1-99 and =100, respectively.

Figure 3 shows increased cumulative incidence of CVD by CAC score among individuals
stratified by the number of LA (panel A) or TC/HDL-C (panel B). Figure 4 shows that the
lowest event rate was observed in those with no CAC and no LA (or in the lowest TC/HDL-
C quartile), whereas those with CAC=100 and three LA (or in the highest TC/HDL-C
quartile) had the highest CVD event rate. Of note, individuals with no LA and CAC=100
had a higher event rate compared to individuals with three LA but CAC=0 (22.2 vs 6.2 per
1,000 person-years). Similar results were obtained using guideline categories of LDL-C or
non-HDL-C (figure 5) and dataset quartiles of Friedewald LDL-C, non-HDL-C, or LDL
particle concentration (supplemental figure 1).

Table 2 shows unadjusted and incrementally adjusted HRs for CVVD events associated with
the presence of CAC and CAC=100 stratified by dyslipidemia burden. Compared to
CAC=0, CAC=100 was associated with a significant three- to six-fold increased risk of
CVD across the spectrum of dyslipidemia. There was no interaction between dyslipidemia
and CAC, dyslipidemia and sex, or dyslipidemia and ethnicity. Risk associated with CAC
was mostly insensitive to baseline and follow-up dyslipidemia medications (supplemental
table 1). Among those with CAC=0 at baseline (n=2,977), the respective median 7.6 year
CVD free survival was 98.1%, 97.9%, 96.7% and 95.3% in those with zero, one, two, and
three LA, respectively (supplemental figure 2). In age, sex, and risk factor adjusted Cox

Circulation. Author manuscript; available in PMC 2015 January 07.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Martin et al.

Page 6

regression analyses, increasing LA were associated with a higher HRs for CVD across CAC
score categories (supplemental table 2).

Hard CVD events

Overall, 256 (5%) hard CVD events (excludes angina leading to revascularization) occurred
during 7.6 years of median follow-up. Those with any CAC accounted for 202 events (79%).
Half of events (128) occurred in the 21% of participants with CAC=100. Overall, the
absolute incident hard CVD event rates were 1.8%, 5.3% and 11.1% among those with
CAC=0, CAC 1-99 and =100, respectively. Taking follow-up duration into account, the
corresponding hard CVD event rates were 2.5 per 1000 person-years (95% CI 1.9-3.3) for
those with CAC=0 as compared to 7.7 (95% CI 6.1-9.6) and 16.9 (95% CI 14.2-20.1) per
1,000 person-years among those with CAC scores of 1-99 and =100, respectively.

Hazard ratios were attenuated, but largely similar to the main results of all CVD events, and
remained statistically significant in the fully-adjusted model for CAC=100 with the
exception of the group with 3 LA (table 3). In this group (N=330), the hazard ratio of 2.71
(95% CI 0.80-9.13) was suggestive of inadequate power rather than a true absence of
association. Indeed, results remained highly statistically significant in the highest TC/HDL-
C quartile (N=1383) with a hazard ratio of 3.19 (95% CI 1.60-6.36). In those with 0 LA or
in the lowest TC/HDL-C quartile, CAC>0 and CAC=100 were significantly associated with
hard CVD events in fully-adjusted models.

DISCUSSION

In multi-ethnic, asymptomatic, middle-aged to elderly men and women from the general
community, our study examines two paradigms of risk assessment: dyslipidemia (risk
factor) and CAC (measurable atherosclerosis). Evaluating interplay between the two, we
show that many individuals with dyslipidemia have no CAC, while many individuals
without dyslipidemia have CAC. We find that CAC stratifies CVD risk regardless of the
burden of dyslipidemia and regardless of how dyslipidemia is defined. An event rate similar
to that seen in secondary prevention populations (=20 events per 1,000 person-years) is
estimated for patients with CAC=100 throughout the spectrum of dyslipidemia. In contrast,
when CAC=0, absolute event rates remain relatively low across varying levels of
dyslipidemia.

Allocating statin therapy: To prevent events, there must be events

We focused on patients who were not on statin therapy at baseline but could have been
considered for therapy. We do not propose that our single study can determine the proper
management of any individual patient; however, this information is thought provoking and
can help guide discussions regarding the most optimal strategies to identify at-risk
individuals. In the absence of data for years to come from a randomized clinical trial testing
CAC in the allocation of statin therapy, it is important to consider that to prevent events,
there must be events. The vast majority of events, at least over 7.6 years in MESA, occur in
patients with CAC. So it is highly unlikely that clinical trial populations would have had
enough events to demonstrate a benefit of statin therapy unless enriched with patients who
had at least some coronary calcium.

“Normal” lipids but detectable CAC

The term “normal” is often applied to lipids. Consistent with guidelines and clinical trials,
we classified a LDL-C of <3.36 mmol/L (130 mg/dL) as “normal.” It is important to
recognize, however, that a LDL-C of 3.36 mmol/L may be two- to three-fold higher than
what is biologically normal or clinically ideal.1> Relatively few individuals in the western
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world have truly normal lipids. Therefore, it is no surprise that patients have consistently
benefitted from statin therapy in clinical trials regardless of the baseline the lipid profile.

In individuals in our study without any dyslipidemia by traditional definitions, one in five
had CAC=100, where absolute risk was high. Therefore, considering detectable subclinical
atherosclerosis by CAC for such patients could help weigh absolute risk more heavily in
decision making, in line with the stated goal of guidelines. While CAC itself is not generally
modifiable with statin therapy, whereas dyslipidemia is, CAC may have the potential to give
the clinician and patient a more reliable understanding of the probability of the patient
having an event in the near future.

Dyslipidemia but CAC=0

Even in the presence of three LA, when CAC=0, the absolute event rate was <5% over 7.6
years and less than a third of the event rate in participants with zero LA and CAC>100.
However, some events do occur when CAC=0; CAC does not measure non-calcified
plaques, and as a snapshot of information up to that point in time, CAC does not capture
ongoing exposure to risk from dyslipidemia and other risk factors. We do not propose a
single way to manage a middle-aged to elderly patient with dyslipidemia and CAC=0, but if
treatment is instituted, we would submit that the discussion with the patient should specify
that the primary treatment goal is to reduce long-term accumulation of atherosclerosis and
not to reduce near-term events.

Estimating the Number Needed to Treat

In order to provide the most clinically relevant information, it may be useful to interpret
these results in light of findings from statin trials to project an estimated risk reduction onto
the MESA population across categories of lipid abnormalities and CAC scores. This
extrapolation allows estimation of a 5-year number needed to treat (NNT5) for LDL-C
lowering by statins using previously described methods. 18:21 If we apply the 30% relative
risk reduction associated with a 1.00 mmol/L (39 mg/dL) reduction in LDL-C from a
Cochrane meta-analysis of statin therapy in primary prevention,1’ the estimated NNT5
across dyslipidemia categories in this MESA cohort ranges from 23 to 30 in those with
CAC=100. It is 30 in participants with no LA and CAC =100, whereas the NNTg is 154 in
those with three LA and CAC=0.

However, we caution that the risk reduction and NNT5 with statin therapy, as extrapolated
from efficacy demonstrated in randomized controlled trials, may or may not reflect the
actual effectiveness of statins in the MESA cohort, and may or may not apply equally to the
different subgroups in this study. In particular, CAC testing was not performed in the statin
intervention trials, and, therefore, the meta-analyses have not assessed the efficacy of
treatment across CAC subgroups.

Integrating into the Framingham approach

The Framingham risk score is an important paradigm in absolute risk assessment, and US
guidelines2 recommend it to synthesize risk from traditional risk factors. Multiple prior
studies have shown value of CAC in further refining absolute risk assessment beyond
traditional risk factors or the Framingham risk score.5-% In MESA participants classified as
intermediate risk by the Framingham risk score, CAC provided superior discrimination and
risk reclassification for incident CHD/CVD compared with other novel risk factors,
including carotid intima-media thickness, ankle-brachial index, high-sensitivity CRP, and
family history.? Adding CAC to the Framingham risk score yielded a net reclassification
improvement of 0.466 for CVD events (net correct reclassification: 10.6% events; 36.0%
nonevents).
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Nevertheless, only 1% of women and 15% of men in the Dallas Heart Study were classified
as intermediate risk by the Framingham risk score, and <0.1% and 1.1%, respectively,
changed from intermediate to high risk using a CAC threshold of 2400.22 An imaging
strategy targeted at persons classified as low risk by the Framingham risk score was more
efficient. Indeed, in a prior MESA study of women classified as low risk by the Framingham
risk score, the prevalence of CAC>0 was 32%, and compared with women with no
detectable CAC, there was an increased risk of CVD events (hazard ratio, 5.2; 95% CI 2.5
10.8).23 Qverall, clinically integrating CAC assessment with global risk scores appears to
supplement risk stratification and potentially identify appropriate candidates who may be
more likely, and less likely, to benefit from established treatment strategies, such as statins.
Further studies are needed to specifically define the optimal strategy for integrating CAC
assessment into the Framingham approach.

CAC has several potential limitations. First, image acquisition and interpretation adds
healthcare costs. Nevertheless, the cost is generally ~$90, which is 18 months of therapy
with a generic statin priced at $5 per month. Second, radiation exposure is required; the
average measured dose of radiation was 0.89 mSv in MESA, while the dose with modern
technology is as low at 0.5 mSv compared with background radiation of 3 mSv per year.
Third, incidental non-cardiac findings (e.g., nodules) can generate recommendations for
additional follow-up imaging in about 5% of adults without a history of smoking, though
some data suggest less downstream spending in those with CAC=0.24

Our study itself also has potential limitations to consider. First, participants and their
physicians were informed of their CAC score, which may have modified the use of
preventive medical therapies during follow-up, and cardiovascular event rates (particularly
angina resulting in revascularization). Addressing these possible sources of bias, we
performed sensitivity analyses examining the extent to which risk associated with CAC was
sensitive to baseline and follow-up dyslipidemia medications, as well as inclusion of angina
resulting in revascularization in the combined CVD endpoint. In these analyses, the overall
pattern of findings was largely similar to our main results. Finally, while our study was
designed to examine risk stratification, we could not directly test whether incorporation of
CAC into clinical decision making would translate into improved clinical outcomes and be
cost-effective.

CONCLUSION

Measurable atherosclerosis by CAC appears to stratify CVD risk across the spectrum of
dyslipidemia in asymptomatic middle-aged to elderly men and women from the general
community. At the patient-level, CAC may help further “personalize” efforts to weigh
expected benefits and costs of statin treatment, especially in patients with a history of side
effects from statin treatment. At the population-level, CAC might help prioritize decisions
about statin therapy in a cost-constrained healthcare system, directing it to the patients at
highest absolute risk, in accordance with the goal of worldwide clinical practice guidelines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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6,814 MESA participants

1,009 (14.8%) on statin

21 (0.3%) on niacin

58 (0.9%) on fibrate
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106 (1.6%) on other lipid medication

86 (1.3%) missing lipid data

N=5,534

Study population

Figure 1.

Flowchart illustrating study population. MESA = Multi-Ethnic Study of Atherosclerosis.
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Figure 2.

Distribution of CAC by (A) LA and (B) TC/HDL-C Quartiles. CAC = coronary artery
calcium score; LA = lipid abnormality; TC/HDL-C = ratio of total cholesterol to high-
density lipoprotein cholesterol.
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Cumulative incidence of CVD events associated with CAC strata by (A) LA and (B) TC/

HDL-C Quartiles. An unadjusted Nelson-Aalen cumulative function was used. CVD =
atherosclerotic cardiovascular disease; abbreviations otherwise per Figure 2.
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Figure 4.
CVD events per 1,000 person-years by strata of CAC and (A) LA or (B) TC/HDL-C

Quartiles. Abbreviations per Figure 2.
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CVD events per 1,000 person-years by strata of CAC and (A) LDL-C or (B) non-HDL-C
levels based on NCEP ATP categories. LDL-C = low-density lipoprotein cholesterol; non-
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HDL-C = non-high-density lipoprotein cholesterol; NCEP ATP = National Cholesterol
Education Program Adult Treatment Panel; abbreviations otherwise per Figures 2 and 3.

Circulation. Author manuscript; available in PMC 2015 January 07.



Page 17

Martin et al.

£0°0 _ (9%1°25) 0EE/ELT _ (9%6'6%) 202°T/009 _ (9%L°T5) LT0°2/EV0'T _ (%€ '6%) 796'/296 _ 185OWS-UON
€70 _ (8'02) 228 _ (0€2) €8 _ (902) 078 _ (L's2) ze8 _ (/1ow) sutunessd
1000'0> _ (%2TT) L€ _ (%6°9T) 702 _ (9%9°6) 6T _ (%2'2) £¥T _ snyIjjaW se1qeIq
1000°0> _ (#8'1) 29'S _ (T2 eLs _ (s5°1) 2€'S _ (T2'1) 80'S _ (1/10wiw) 8so0on|6 Bunses
ve0 _ (%9°1Y) L¥T _ (%v°97) 19S _ (%T'vv) 268 _ (%Tey) 258 _ uoisualIadAH
5000 _ @0o1) 62, _ @on) 9zL _ €01 T2L _ (S0T) 112 _ (BH wiw) aanssead poojq a1joIseIq
1000°0> _ (712) L2121 _ (Log) gLzt _ (6T2) 0'92T _ (1°22) 5veT _ (BH ww) aunssaad poojq 21]01sAS
VIN _ (96001) 0gE _ (%v'T.) €98 _ (%v'91) T€E _ (%0) 0 _ (Ip/Bw 0ST) T1/10WW 69T S8P1IBIAIBLI L
VIN _ (9%00T) 0gE _ (%9'6.) 196 _ (%S'SE) 229 _ (%0) 0 _ uswom ur (1p/Bwi 05) /jowL 62 T> 40 Uaw Ut (Tp/Bui oY) 1/lowiw £0°T> O-1aH
VIN _ (96001) 0gE _ (%0°67) 265 _ (%T°09) €T0'T _ (%0) 0 _ (TTIp/Bw 0€T) 1/IoWW 9¢°€= O-1A"1
1000°0> _ (9zT) T°20T _ (L€1) £T0T _ (6°€T) 2'86 _ (L'y1) 9°€6 _ (W) 2UaIBJNIIID ISTEAN
1000°0> _ (T9) 00 _ (e9) €62 _ (99) 582 _ (€9) 692 _ (;w/B>) xaput ssew Apog

(%zve) €TT (%e'TE) 828 (%L'T2) 8ev (%91) "s1€ ojuedsiH

(%v'2T) T7 (%1°T2) 852 (%8'62) 209 (%9°2€) 79 UBDIBWY UBDLYY

1000°0> (%6°0T) 9€ (%¢.°€T) 99T (%g°TT) 622 (%6°TT) GEZ asauIyD

(%¥2y) OvT (%6°€€) 0TV (%z'Lg) 28L (%S'6€) T8L AMMUYM
NG E]
€00 _ (9%€°25) 68T _ (%S°6%) 865 _ (%z€9) 920'T _ (%0°%S) £90'T _ arewad
100 _ (001) €09 _ (T01) T'T9 _ (Tor) €719 _ (201) 029 _ (saeaf) aby

0ge=N 802'T=N 120°2=N G/6'T=N
anfend _ ¢ _ z . _ 0 7
A10Ba1ea eiwapidisAp Aq sonsialoeIeyd auljaseq
T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Circulation. Author manuscript; available in PMC 2015 January 07.



Page 18

Martin et al.

(Adesayy anisuapadAynue 10) ainssaid poojq 21j01sAS

pUE ‘BuIOWS *|0421S3I0YD TAH ‘|019153|0y9 [e10} ‘JapUaD ‘abe 21aM 81003 Iy WeyBUILEIS IO} SBIRLIBADD 7 ;aUIPIND |11 [3UBd JUSLIIRAIL JINPY WeiBoid UoNeINP3 |0181S3I0UD [BUOEN UO pased
M

(sa1106a1e9 eIWapPIdI|SAP 8y SS040e At [Im sanifewsoude pidij asay) ‘uoniulap Aq) ajqedljdde Jou = /N ‘8109S Xsiy weybulweld = SH4 ‘Juswdojansp jeuoneanps |esauab = 39

"pa1y10ads aSIMIBLI0 Ssajun ‘a]gel 8y 40 do a1 Je UMOYS ey SI Joyeulwousp ‘safeiusolad se sajqelieA [eatioBales pue (QS) suesw se pajuasaid aJe sajgerieA snonunuoD

1000°0> _ (%8'59) 992/S.T _ (%T1'L€) S00°T/ELE _ (%€'62) £€9'T/8LY _ (%0'9) ¥25'T/56 _ Luness Joj ssyiend
1000°0> _ (%0°8) %6°0T _ (%0'8) %6'6 _ (%6'9) %L'L _ (%1'9) %29 _ Sy Jeak-01
T000°0> _ (%€°LL) 0g€/SST _ (%6'9L) 202'T/€26 _ (%6'18) L10'2/159'T _ (%2°98) €96'T/T69'T _ a9 40 jooyds ybiy paradwiod ‘uoryeanp3
(%6°LY) 0E€/8ST _ (%T1'18) S6T'T/TT9 _ (%0°55) £00'2/¥0T'T _ (%9'09) 256'T/S8T'T _ 8sNn |0Y0d[e JUBIIND
10000> | (%e'82) 0EE/EB _Ao\&.& mmiamw_ (%Sv2) L00'2/26Y _ (%S°LT) LG6'T/EVE _ asn |oyoo[e Jaw.1o-
(%6°'€2) 0g€/6L _@&.qu mﬂ,zmwm_ (%5°02) 200'¢/TTY _ (%6'12) L56'T/62 _ asn |oyoofe oN
ero _ (%0°ST) TZE/8Y _AO\R.SV %H_Sa_ (%0°97T) L26'T/80€ _ (%L°LT) 988'T/vEE _ uLidsy
200 _@&_ms 80€/6ET _ (%0°01) mNH,Sm_\_ (%6°2v) 588'1/608 _ (%9'8¢) ¥58'T/ST.L _ aseasip 14eay Jo A1oisiy Ajiweo
(%2'971) 0€€/SS _Ao\ﬁ.:v NON_S:_ (%9°€T) LT0'CIV LT _ (%e2T) ¥96'T/21e _ Jaxows JusIIND
(%6°0€) 0€€/20T _ (%t'se) SN,EN_\_ (%.'v€) L10'2/00L _ (%v°8€) ¥96'1/55. _ 19Y{0Ws J8WIo-
onjend oge=N _ 02 T=N _ 10N _ SL6T=N
_ saiewJouqy pidi o J-squinN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2015 January 07.

i

Circulation. Author manuscript



Page 19

Martin et al.

"1eap JeJNdSBAOIPIRD ‘9X0.1S ‘1Sa.Ie JBIPJED ParelIosnsal
‘uoIreziie|naseAal Ul Buninsas eulbue ‘UonoseuIl [RIPIRI0AW PAPN|OUL SIUBAS dAD "WNIDjed Alsle AJeuolod = DD ‘asessip Je[ndseAolpled 21104ajasoiayle = gAD ‘Aujewloude pidij = v “Aloisiy Ajiwey
pue ‘xapul ssew Apoq ‘Buryjows ‘snijjaw saleqelp ‘uoisusuadAy snid sajqerien Z |apolAl 104 paisnipe ;€ |9pOIAl ‘pue ‘8)Is STl pue ‘uoireanpa ‘Alo1uyle ‘xas ‘abe 1oy paisnlpe :z [apoA ‘paisnipeun T |9poIA

*A10621e0 W yoea ulyim 0= si dnolb aguaiayal ayl Ly Buisealoul Ag DD Ubiy/QwD Jo 8ouasald ay) Jo) ale soljel piezeH

T000°0>d
(L£'8-29°7) 69'Y
00'0=d
(Tz'g-9e'7) 99'C
£000'0=d
(06'6-19'T) 80'€
T000°0=d
(9v'11-82°2) TT'S

T000°0>d
(€9°0T-9¢°€) 86'S
7000°0>d
(se'8-ze2) o'y
2000°0=d
(Sz'9-6LT) ¥EE
T000°0>d
(v0'€T-16'2) 9T'9

T000°0>d
(08'€1-28'%) 9T'8
1000'0>d
(oS €T-vv¥) vL°L
700°0>d
(L£'0T-15°€) €09
T000°0>d
(z8'92-189) 8G'€T

T000°0>d
(5e'6-18T) TT'E
800'0=d
(cov-ve1) €TC
500'0=d
(90'v-62'1) 62'C
200°0=d
(s8'9-z5T) €2

T000°0>d
(6v'9-T2'2) BL°E
T000°0=d
(89'5-08'T) 0Z°€
200'0=d
(9zv-Tr'1) SP'e
2000°0=d
(99'21-88'T) 08'€

T000°0>d
(¥8'8-81°€) 0E'G
T000°0>d
(02'8-20°€) €T'S
T000°0>d
(08'9-8v'2) TT'Y
T000°0>d
(TT'5T-90'%) €8°L

(€8€'T=N) 8114end yi

(98€'1=N) 8j1aend p,€

(S8€'T=N) a114end puz

(08€'T=N) 8J114end 3T

s9[iend O-1aH/OL

0=JVO SA 00T<OVO

20°0=d 20°0=d 100°0=d 90°0=d ¥0°0=d €00°0=d
(0ge=N) v1¢
(€28-8TT)Tee  (LT6-8TT)82¢  (L9TT-98T)S9v (€T'9-86°0) vz (0€9-20T)65¢C  (82'8-¥ST) LG€
200°0=d 1000°0=d 1000°0>d 20°0=d €00°0=d 1000°0>d »
(802'T=N) V¢
€rsornvrz  (Ie9o-v8Tore  (Br11-v8€) S99  (Lre-0TT)S6T (STv+ET)9e2  (9TL-1S2) vev
1000'0>d 1000°0>d 1000'0>d 1000°0>d 1000°0>d 1000°0>d _
(T20'z=N) V1T
(9T°0T-2€€) 08'S  (962T-S€¥) 16 L  (2€21-259)99°0T (159-6£2) 96 (L9/-282)S9¥ (99°0T-6T ) 89°9
€000'0=d 1000°0>d 1000°0>d 500°0=d 1000°0=d 1000°0>d _
(SL6'T=N) V10
(61°9-€2T)L2e  (LL16€2) 1€y (67'GT-956) 826 (STv0eT)2ee (¥6+-89T)88¢C  (6S6-6S°€) L8'G
saifewlouqy pidi #
€ [3poN Z 1I3PON T [3pPON € 19pON Z 19poN T 19pON

0=0VO SA 0<IJVD

AK10Bayed eiwepidisAp Aq 00T QWD pue DD Aue Joj sjuana gAD Jo solel prezey paisnipe-ajqeLieAn|niy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

¢?olqel

NIH-PA Author Manuscript

Circulation. Author manuscript; available in PMC 2015 January 07.



Page 20

Martin et al.

“Uesp Je|naseAolpJes

‘950415 “1S3.4B JBIPJED PAYRIIOSNSa) ‘UONIIRJUI [RIPJe0AW PapN]oul SJUBAS AAD PJeH "WiNIdjes Alaue A1euolod = DD ‘asessip JejnaseAolpIed 9110Js|9solaye = AD ‘Alfewsoude pidi] = v "Aloisiy Ajiwey
pue ‘xapul ssew Apoq ‘Buryjows ‘snijjaw saleqelp ‘uoisusuadAy snid sajqerien Z |apolAl 104 paisnipe ;€ |9pOIAl ‘pue ‘8)Is STl pue ‘uoireanpa ‘Alo1uyle ‘xas ‘abe 1oy paisnlpe :z [apoA ‘paisnipeun T |9poIA

*A10621e0 W yoea ulyim 0= si dnolb aguaiayal ayl Ly Buisealoul Ag DD Ubiy/QwD Jo 8ouasald ay) Jo) ale soljel piezeH

T000°0>d
(9€'9-09'T) 6T°E
€0'0=d
(90'5-90T) 2T
10°0=d
(98'-6T'T) O¥'C
€00'0=d
(9€'01-19'T) 60'Y

T000°0=d
(T0'8-+0'2) ¥0'v
5000'0=d
(6LL-6LT) ELE
500'0=d
(Lz'5-5€'T) 29T
2000°0=d
(80'21-02°2) ST'S

T000°0>d
(Sv'TT-v€'€) 8T'9
1000'0>d
(9221-67°€) 899
1000°0>d
(92'8-85'2) 19'%
T000°0>d
(62'€2-60'5) 00°TT

900'0=d
(¥9'v—0€'T) 9v'C
20'0=d
(ov'v-sTT) 92°C
50'0=d
(9e'¢-66'0) 28'T
20°0=d
(8L'9-22'1) 88'C

9000°0=d
(99'6-19'T) 20'E
£000°0=d
(co9-z9T) 2TE
20°0=d
(z5'e-80'T) S6'T
200°0=d
(55'21-55'T) zv'e

T000°0>d
(e6'L-€v'2) 6EY
T000°0>d
(96'8-99°2) 88'¥
T000°0>d
(Tr's-G8'T) 9T'€
T000°0>d
(ee'v1-62°€) L8'9

(€8€'T=N) 8114end yi

(98€'1=N) 8j1aend p,€

(S8€'T=N) a114end puz

(08€'T=N) 8J114end 3T

s9[iend O-1aH/OL

0=JVO SA 00T<OVO

1T°0=d 80°0=d 600°0=d ¥1°0=d S0°0=d 100°0=d
(0ge=N) v1¢
(€16-08°0) T2z  (9T01-88°0)66'C (262T-SrT)ecy (29°9-220)92¢ (ST'8-20T)88¢C (EV0T-Gi'T)68°E
¥0°0=d ¥00°0=d 1000°0>d ZT0=d 20°0=d 1000°0>d »
(802'T=N) V¢
Orv—vo1) vtz (195-26T)822  (186-982)T€G  (22e-880)89T (88'€-80T)S0€  (2v'9-86'T) L€
1000'0=d 1000°0>d 1000'0>d 2000°0=d 1000°0>d 1000°0>d _
(T20'z=N) V1T
(8o~L6T)ELe  (L18-2s) oLy (9evT-SL¥) 928  (€£5-69'T)00€ (FOO¥6T)2re  (9F'6-0E€) 6S'S
20°0=d 2000°0=d 1000°0>d S0°0=d £00°0=d 1000°0>d _
(SL6'T=N) V10
B67-LTT) vz (S29-08T)87€ (69 TT-2L€)¥99  (S9€-00T) 16T (evv-SeT)Sve  (€9'1-290) Lv'y
saifewlouqy pidi #
€ [3poN Z 1I3PON T [3pPON € 19pON Z 19poN T 19pON

0=0VO SA 0<IJVD

A1oBares eiwapidijsAp Aq 00TZOVD pue DD Aue 1o} sjusns dAD pJey Jo sonel plezey paisnlpe-sjqeieAlniy

NIH-PA Author Manuscript

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

Circulation. Author manuscript; available in PMC 2015 January 07.



