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Abstract

Background—L.imited attention has been paid to negative cardiovascular disease (CVD) risk
markers despite their potential to improve medical decision-making. We compared thirteen
negative risk markers using diagnostic likelihood ratios (DLR), which model the change in risk for
an individual after the result of an additional test.

Methods and Results—We examined 6,814 participants from the Multi-Ethnic Study of
Atherosclerosis. Coronary artery calcium (CAC) =0, carotid intima-media thickness (CIMT) <25t
percentile, absence of carotid plaque, brachial flow-mediated dilation >5% change, ankle brachial
index (ABI) >0.9 and <1.3, high sensitivity C-reactive protein (hsCRP) <2 mg/L, homocysteine
<10 pmol/L, NTpro-BNP <100 pg/mL, no microalbuminuria, no family history of coronary heart
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disease (CHD) (any/premature), absence of metabolic syndrome, and healthy lifestyle were
compared for all, hard CHD and all CVD events over 10-year follow-up. Models were adjusted for
traditional CVD risk factors. Among all negative risk markers CAC=0 was the strongest, with
adjusted mean DLR (SD) of 0.41 (0.12) for all CHD and 0.54 (0.12) for CVD, followed by CIMT
<25t percentile (DLRs 0.65 [0.04] and 0.75 [0.04], respectively). HSCRP <2 mg/L and normal
ABI had DLRs >0.80. Among clinical features, absence of any family history of CHD was the
strongest (DLRs 0.76 [0.07] and 0.81 [0.06], respectively). Net Reclassification Improvement
(NRI) analyses yielded similar findings, with CAC=0 resulting in the largest, most accurate
downward risk reclassification.

Conclusions—Negative results of atherosclerosis-imaging tests, particularly CAC=0, resulted in
the greatest downward shift in estimated CVD risk. These results may help guide discussions
regarding identification of individuals less likely to receive net benefit from lifelong preventive
pharmacotherapy.

Keywords

Cardiovascular disease; marker; risk prediction; calcium score

Clinical risk assessment and stratification are the primary means for selecting individuals
most likely to benefit from preventive medications, such as statin and aspirin therapy.! To
date, attention has been focused on the identification of individuals at high risk of
cardiovascular disease (CVD) who may require pharmacotherapy. However, in the current
context of population aging, increasing rates of chronic conditions and polypharmacy,? the
accurate identification of individuals at very low risk who might justifiably avoid lifelong
pharmacotherapies is worthy of consideration.

The current risk factor-based paradigm in CVD risk prediction is designed to identify
individuals at increased risk of events. Given their strong dependence on chronological age
and gender,* risk scores may systematically consider certain groups like middle-age and
older men as high risk,® failing to identify low-risk individuals. The traditional focus on
identifying increased risk individuals is most useful in the setting of a high threshold for
preventive pharmacotherapy. However, recent American College of Cardiology / American
Heart Association (ACC/AHA) guidelines® have significantly lowered the threshold for
considering statin treatment, which coupled with concerns for risk overestimation’ may lead
to a potential for overtreatment.

In the current setting of near universal treatment qualification for certain subgroups,
negative risk markers (i.e., the absence of a clinical risk marker, or a negative result of a
prognostic test) may have potential importance.® A strong negative risk marker may allow
identification of truly low-risk individuals who are less likely to receive a net benefit from
preventive therapy, aiding decision making in the context of the physician-patient
discussion. Due to their high sensitivity for detecting disease and, therefore, higher negative
predictive values, there is increasing interest in the value of subclinical atherosclerosis-
imaging tests such as a coronary artery calcium (CAC) score of zero as potential negative
risk markers.82 However, little is known regarding the performance of other negative tests
and clinical features for identifying low absolute risk.
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We sought to compare the relative value of various negative risk markers in a contemporary,
multi-ethnic cohort. For this aim we adapted a methodology for calculating risk-adjusted
diagnostic likelihood ratios (DLR), a technique which emulates Bayesian clinical decision
making, by describing how risk estimates are adjusted after new knowledge is available
from the result of a test. 1011 |n addition, to evaluate the accuracy of change in risk
classification we calculated the net reclassification improvement (NRI) for each of the 13
negative risk markers.

Study Design and Participants

The Multi-Ethnic Study of Atherosclerosis (MESA) is a NIH/NHLBI-funded, population-
based, prospective cohort study. Full details of the study design and methods have been
reported previously.12 MESA enrolled 6,814 men and women aged 45 to 84 years free from
clinical CVD at the time of recruitment. Study participants were enrolled between July 2000
and September 2002 at six US field centers and provided written informed consent. The
study protocol was approved by the institutional review board of each study site.

Traditional CVD Risk Factors and 10-Year CVD Risk Assessment

Information on demographics, cardiovascular risk factors and medication use was collected
at the baseline study examination. The metabolic syndrome was defined according to the
NCEP-ATP 111 definition.13 Family history of coronary heart disease (CHD) was assessed
using standardized questionnaires, with information on family history of premature CHD
collected at the second study visit. A positive family history of CHD was defined as any
first-degree relative with a history of fatal/non-fatal myocardial infarction and/or having
undergone coronary revascularization. Family history of premature CHD was defined as any
of the previous occurring before 55 and 65 years of age for male and female family
members, respectively. Diet was assessed with a food frequency questionnaire, and physical
activity was determined using a validated survey tool.14 The 10-year atherosclerotic CVD
(ASCVD) risk of each participant was calculated using the ACC/AHA 2013 Pooled Cohort
Equations.1®

Non-Traditional CVD Risk Marker Assessment

At baseline, participants underwent measurements of CAC, ankle-brachial index (ABI),
carotid intima-media thickness (CIMT), carotid plaque, and brachial flow-mediated dilation
(FMD).

Non-contrast cardiac-gated chest tomography was performed following a standardized
protocol and CAC was quantified using the method of Agatston. CAC scans were performed
twice, and the average of the two scans was considered the baseline CAC score.

High-resolution B-mode ultrasound of the left and right common and internal carotid
arteries was used for assessing CIMT and carotid plague. Regarding CIMT, the mean of the
maximum IMT of the common carotid arteries was used for the analyses. Carotid plaque
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presence was defined as a focal absolute wall thickness (IMT >1.5 mm) or a relative focal
thickening of >50% of the adjacent IMT.

For measurement of FMD, high-resolution ultrasound was used for measuring the diameter
of the right brachial artery at baseline, and 60 seconds after inducing ischemia for five
minutes. Reactivity was assessed as the percentage difference between diameters. FMD
measurements were available in 3,027 participants and we used sample weights to account
for the case-cohort selection of these data.

Systolic blood pressure determinations were performed with the participant in the supine
position after resting for five minutes using a Doppler probe in the bilateral brachial, dorsalis
pedis, and posterior tibial arteries. The ABI was calculated for each leg as the ratio between
the highest of the two pressures obtained in the same ankle, and the highest of the two
brachial artery pressures. The lowest of the two ABIs (left leg vs right leg) was used for the
analyses.

Levels of high sensitivity C-reactive protein (hsCRP) were quantified using a BNI|I
nephelometer (N-High Sensitivity CRP; Dade Behring Inc., Deerfield, IL). Homocysteine
was measured by fluorescence polarization immunoassay using an IMx Analyzer (IMx
Homocysteine Assay, Axis Biochemicals ASA, Oslo, Norway). Levels of NT-ProBNP were
measured using an ElecSys 2010 analyzer (Roche Diagnostics, Indianapolis, IN). Urine
albumin was measured by nephelometry. Detailed data on reliability of measurements can
be found in the Supplementary Methods Appendix.

Definition of Negative Risk Markers

To maximize clinical relevance, the definitions of negative risk markers matched the
cutpoints used in clinical practice and/or widely cited in the literature.

“CAC=0" was defined as a CAC score of zero Agatston Units.8 “Low CIMT” was defined
as a CIMT <25t percentilel® of the study population. “Normal FMD” was defined as an
ischemia-induced diameter change =5%.17 “Normal ABI” was defined as an index between
0.9and 1.3.18

For serum biomarkers the following definitions were used for a negative result: hsCRP
<2mg/L,1% homocysteine <10pmol/L,20 and NT-ProBNP <100pg/mL.%!

“No microalbuminuria” was defined as a daily urine excretion of albumin <30mg.22
“Healthy lifestyle”, as defined by Ahmed et al?3, was characterized by the presence of at
least two of the following three lifestyle-related traits: regular physical activity,
Mediterranean-style diet, and body mass index =18.5 and <25 kg/m?- Absence of smoking
was not used in this definition, as tobacco use was already included in the models used for
calculating multivariable-adjusted DLRs.

In sensitivity analyses, we also examined the results for a CIMT standardized z-score <0,
and for the combinations of CIMT <25 and <50t percentiles and the absence of carotid
plaque as joint negative risk markers. Also, alternative cut-off points for hsCRP (<1mg/L
and <3mg/L) as well as the sample median for each continuous test were also tested.
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Follow-up extended for a mean of 10.3+2.3 years. Incident CHD and CVD events were
adjudicated by the MESA mortality and morbidity review committee.12 Hard CHD events
included non-fatal myocardial infarction, death from CHD, and resuscitated cardiac arrest.
All CHD events included hard CHD events plus definite angina and probable angina
followed by revascularization. CVD events included all CHD events, fatal/non-fatal stroke,
other atherosclerotic death, and other CVD death.

Statistical Analysis

The DLR is also known as a “Bayes factor” as it quantifies the change in risk obtained with
knowledge of a test result (post-test risk) versus not knowing the result (pre-test risk).10.11
The DLR can range from 0 to oo, with values >1 indicating that the test result is more likely
to be seen in those who become cases (in our study, develop CHD/CVD events), therefore
useful for upgrading disease risk; whereas values <1 indicate that the test result is less likely
to be seen in those who become cases, therefore more useful for downgrading disease risk.

We constructed equations for calculating the DLR of each negative risk marker by formally
comparing coefficients from multivariable logistic regression models before and after the
addition of each negative test, according to the methods described by Janssens and others?0
and Gu and Pepe.11

Given a set of baseline predictors X (e.g., the CVD risk factors included in the ACC/AHA
2013 10-year ASCVD risk estimator) to predict a binary outcome D (e.g., not having vs.
having a CVD event at 10 years), with an additional predictor Y representing a negative risk
marker (a test with a given result, e.g. CAC=0), the pre-test and post-test risks can be
expressed as follows:

Pre-Test Risk logitP (D=1|X)=Po" +Px "X
Post-Test Risk logitP (D=1|X,Y)=Bg+BxX+ByY +BxyXY

As described by Gu and Pepe,!! the covariate-adjusted DLR is calculated by subtracting the
pre-test risk model from the post-test risk model:

log DLRx (Y) = (Bo - Bo") + (Bx - Bx") + ByY + PxyXY.

The DLR is covariate-specific, that is, the DLRx will vary per individual based on the
individual set of risk factors that are present. For illustration, in addition to mean DLRs we
have provided the DLRy for several patient scenarios of varying age, gender, race/ethnicity
and risk factor burden. When the patient-specific DLRy is known, the post-test risk for an
individual case can be computed through the relationship:

logit P (D =1] Y, X) =logit P (D = 1| X) + log DLRx (Y).

As opposed to the traditionally reported covariate-adjusted odds ratio, which is not specific
to an individual set of covariates, the DLR models the anticipated result of a new test
contingent on a known set of risk factors for an individual patient. Importantly, as
demonstrated by Gu and Pepe!! and others2* this implies that DLR for the individual may
be small even when the covariate-adjusted odds ratio for a given test may be large. The
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average DLR is proportional to the average decrease in risk after knowing the result a
specific negative risk marker.

Following the above methods, multivariable adjusted-DLR were calculated after adjusting
for 1) traditional cardiovascular risk factors (age, gender, smoking status, diabetes, total and
HDL cholesterol, systolic blood pressure, and hypertension medication use), and race/
ethnicity; and for 2) predicted 10-year ASCVD risk using the ACC/AHA 2013 Pooled
Cohort Equations.1® These methods were repeated for the outcomes of CHD (any), hard
CHD, and CVD.

As summary statistics, we provide the mean DLRs (standard deviation [SD]) for the thirteen
negative risk markers for the entire MESA population as well as for important subgroups. In
addition, we also graphically examined the mean effect of a single covariate (such as age or
the 10-year ASCVD risk estimate) on the DLR. The DLRs for each test for other common
clinical case scenarios are shown in the Supplementary Appendix.

As a measure of risk reclassification, the NRI was calculated for each of the negative risk
markers using different risk thresholds. First, we calculated the NRI for all individuals with
a pre-test 10-year CVD risk of >7.5%, testing the accuracy of reclassification to below 7.5%
risk. We repeated our analysis in the population of participants with 10-year pre-test risk of
>5%, testing the accuracy of reclassification to below such threshold. Finally, we also
modeled the ability of each test to accurately move individuals from >7.5% risk to below
5% risk, which would be a highly clinically significant risk shift. The NRIs were calculated
as follows:

[Prob (being correctly reclassified to a lower-risk category|nonevent) — Prob (being
incorrectly classified to a lower-risk category|event)]

Which is the traditional calculation of the NRI, accounting for the fact that it is not possible
for negative risk markers tp upwardly reclassify risk.

Analyses were performed using Stata version 13 (StataCorp, College Station, TX).

The mean age of the 6,814 study participants was 62+10 years and 53% were women. At
baseline, 13% were current smokers, 13% had diabetes, 37% used antihypertensive
medications and 16% lipid-lowering treatments. The mean estimated 10-year ASCVD risk
was 16.4% among men and 11.2% among women (Table 1).

The baseline prevalence of each negative risk marker is shown in Table 2 (distribution of
continuous risk markers shown in Table S1). Normal ABI and no microalbuminuria were
the most prevalent negative risk markers (93% and 90%, respectively), whereas normal
FMD and a low CIMT were present in 36% and 25% of the study participants, respectively.

After a mean follow-up of 10.3+2.3 years, 710 CVD events occurred (10.4%), including 498
CHD events (7.3%) and 321 hard CHD events (4.7%). The lowest proportion of CVD events
was observed in participants with CAC=0 (4.0%), whereas the highest occurred in those
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with a normal ABI (9.9%). Participants with CAC=0 also had the lowest CHD and hard
CHD event proportions (Table 2).

Based on the mean multivariable-adjusted DLR for the total population, among all negative
risk markers CAC=0 showed the best performance, resulting in the greatest pre-test — post-
test risk shift (Figure 1). CAC=0 had stable risk-factor adjusted DLRs across diverse clinical
situations: 0.36 (0.09) in men (i.e., the pre-test logit function will be multiplied by 0.36,
which represents a 64% pre-test — post-test relative reduction) and 0.46 (0.12) in women for
CHD events, 0.49 (0.10) in men and 0.59 (0.12) in women for CVD events, and ranged from
0.47 (0.08) in high CVD risk participants to 0.67 (0.09) in low risk participants for CVD
events (Tables 3 and S2). CAC=0 was particularly informative in older ages as well as in
those with higher pre-test predicted 10-year ASCVD risk (Figures 2 and 3).

Other negative tests and clinical features did not revise post-test risk as much as was seen
for CAC (Tables 4, S3 and S4). Among them, low CIMT showed the best performance after
CAC=0. The pre-test prediction was only slightly changed after the finding of a normal ABI,
and the performance of serum biomarkers as negative risk markers was modest. Among
clinical features, the absence of any family history of CHD was the most informative
negative risk marker (mean risk factor-adjusted DLR for CVD events 0.81 [0.06], for CHD
events 0.76 [0.07]).

See Figures S1-9 and Tables S5-S6 for examples applying the DLRs for each negative risk
marker to additional individual common clinical scenarios. See Tables S7-9 for complete
information on all coefficients used to derive the equations for DLR calculations for each
outcome in this study.

According to the NRI analyses, CAC=0 also resulted in the largest, most accurate downward
risk reclassification. This was consistent regardless of the definition of “reclassification”
used (Tables 5, S10 and S11).

Discussion

Negative risk markers represent a novel approach to augmenting conventional CVD risk
assessment, with implications for identifying individual patients who may be less suitable
candidates for preventive pharmacotherapy. Among a wide range of negative risk markers
including atherosclerosis imaging techniques, serum biomarkers clinical features, and other
tests, CAC=0 resulted in the greatest reduction in post-test risk. The conclusions were
consistent across gender and 10-year ASCVD risk categories, and using different baseline
multivariable models. Carotid ultrasound imaging with a normal result showed the best
performance after CAC=0, whereas the performance of the other negative risk markers was
minimal or modest. CAC=0 also yielded the largest, most accurate reclassification of risk to
below commonly accepted treatment thresholds. These results may have implications for
future risk assessment guidelines, providing evidence for the consideration of tests such as
CAC and carotid imaging to determine if a patient actually has low estimated absolute risk
despite a higher conventional risk factor score-based risk estimate (i.e. using the Pooled
Cohort Equations).
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Notwithstanding the notable reductions in CVD events attained with preventive treatments
such as statins, the costs, side-effects, and potential for disutility?® of these lifelong therapies
when used in patients unlikely to have events has resulted in the development of absolute
risk-based algorithms, aimed at allocating preventive pharmacotherapies to those most likely
to benefit.1.15 Nevertheless, the marked weight of chronological age in current risk scores
has resulted in the consideration of almost every elderly individual as candidate for statin
treatment, resembling a “treat-all” strategy for specific demographic groups.

Atherosclerosis imaging techniques have a high sensitivity for detecting the presence of
disease. This therefore translates into a very high negative predictive value, making these
tools particularly appealing for ruling out prevalent disease.28 The presence of
atherosclerosis in vascular beds such as the coronary and carotid arteries is a strong
predictor of CVD events,2"28 and accordingly, the absence of disease is associated with a
markedly reduced risk.8:°

In this study, CAC=0 resulted in the greatest reduction in post-test risk, and in the most
accurate downward risk reclassification, followed by a low CIMT. Among presently
available advanced prognostic tests, CAC is considered the best tool for CVD risk
assessment, 1529 improving risk predictions across age and score-based risk categories.30:31
Even though much attention has focused on the ability of CAC to improve detection of high
risk beyond traditional risk factors, in the last few years population-based studies and large
clinical cohorts have expanded our understanding regarding the excellent prognosis of
asymptomatic individuals with a negative CAC result.® Our results highlight the fact that
most individuals with a pre-rest risk estimate of up to 15% will be expected to have a post-
test risk estimate of approximately <7.5% after a CAC=0 result. These findings have distinct
implications for future attempts to conceptualize an “intermediate risk” group guiding
appropriate use of negative risk markers in clinical practice.

Regarding low CIMT, a recent study suggested that one of the key uses of carotid ultrasound
imaging may be for down-classifying risk in subjects unlikely to have events.32 Our findings
support the use of these imaging tests as tools for detecting low-risk individuals among
subgroups who would otherwise qualify for preventive pharmacotherapies according to a
traditional risk-score approach. Use of additional tests may be particularly helpful when the
high predicted risk is exclusively or predominantly driven by chronological age, in
individuals at increased odds of drug-drug interactions, and in patients who express
reservations about taking statins long-term.

The performance of some negative risk markers in this study was minimal or modest. We
noted a limited post-test risk change/reclassification for hsCRP, which was consistent
regardless of the cut-point chosen for a negative result. HsSCRP is supported by current
guidelines as a tool for further cardiovascular risk assessment in individuals in which
management is uncertain,15 even though its value beyond traditional risk factors for
detecting high risk is considered limited.33 Our findings suggest that the performance of
hsCRP as a tool for reassuring the patient and the clinician, when the test result is normal or
low, is also limited.
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The absence of any family history of CHD was the strongest among a number of “negative”
clinical markers. Thus, even though any family history of CHD is often considered in
clinical practice as a “positive” risk marker, our findings suggest that its absence may be
helpful for detecting lower CVD risk. This may be particularly informative in older
individuals and in those with large families,34 as more “person-years” free of CHD within a
family will be captured. On the other hand, absence of family history of premature CHD
performed poorly as a negative risk marker, and may be more helpful for detecting increased
CVD risk when present.1®

The potential role of negative results of a number of risk markers commonly used in clinical
practice had not yet been studied in a single, large, population-based study. Previous studies
assessed the performance of some of these markers.3%:36 However, comparisons were
focused on the ability for detecting high risk, or on the overall performance of the tests
throughout their range of values. Moreover, by comparing exclusively areas under the
receiver operating characteristic (ROC) curve or NRIs, those studies could not address the
actual ability of the tests for impacting individual-level risk estimates.2437 The DLR
approach that we used provides an opportunity for quantifying the magnitude of change in
predicted risk before and after knowing the result of a diagnostic test - an approach that
emulates Bayesian analysis, providing more intuitive estimates for the clinician decision-
maker. By accounting for the values of other risk factors, the DLRs provide insight on the
information that the negative result of a test provides in specific clinical scenarios for
individual patients.

Study limitations

Some limitations of our study must be acknowledged. First, 10-year ASCVD risk was
calculated using the original ACC/AHA 2013 Pooled Cohort Equations.t®> However, for
precise risk assessment in MESA the equations would need to be recalibrated, otherwise
ASCVD risks are likely to be overestimated. Thus for our primary analysis we adjusted for
individual risk factors and not the Pooled Cohort Equations. Second, FMD measurements
were available in only 44% of the study participants. Nevertheless, when missing FMD
values were imputed, the relative strength of FMD as a negative risk marker remained the
same. Finally, the calculation of DLRs, although well described in the statistical literature
and ideally suited for a binary exposures such as negative risk markers, is relatively new to
the cardiovascular literature. Formal comparison testing of DLRs, which are covariate-
specific, is less well described. However, the observed DLRs for CAC=0 were consistent
across gender and ASCVD risk categories, and were consistently different from those of the
other negative risk markers, reinforcing our conclusions. Moreover, the relative strength of
the negative risk markers was consistent with that observed using NRIs.

Conclusion

Among a wide range of tests and clinical features, CAC=0, and to a lesser extent a normal
carotid ultrasound, were associated with the lowest DLR and, therefore, resulted in the
greatest post-test downward shift risk. CAC=0 also resulted in the largest, most accurate
downward reclassification of estimated risk. Although this specific use of prognostic tests
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for down-grading risk estimates (i.e. negative risk markers) was not discussed in the latest
ACC/AHA risk assessment guidelines, in the current context of population aging and
concern for overtreatment, the clinical and public health implications of these findings could
be substantial.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspectives

Clinical cardiovascular disease (CVD) risk assessment has predominantly focused on the
identification of individuals at high absolute CVD risk. This holds true for non-traditional
risk markers including novel risk assessment technologies, where the literature mostly
describes their use to detect additional patients who may benefit from preventive
pharmacotherapies. However, in the context of the new ACC/AHA prevention guidelines
— where population aging, possible risk overestimation, potential overtreatment of older
individuals with few risk factors, and overmedicalization are concerns — the accurate
identification of individuals that are truly low-risk may have even greater clinical,
economic, and public health implications. For this purpose, we compared the ability of 13
“negative risk markers” widely used in clinical practice to modify 10-year coronary heart
disease and CVD risk estimates, and tested their accuracy for reclassifying individuals
below the treatment threshold, in a large, multi-ethnic, contemporary cohort. Among
these markers, negative results of atherosclerosis imaging tests, particularly a coronary
artery calcium score of zero, resulted in the greatest downward shift in risk estimation,
and in the largest net risk reclassification. These findings have direct implications for
identification of individuals less likely to receive net benefit from statins and other
preventive pharmacotherapies. Moreover, given the lack of guidance in current
guidelines for downwardly reclassifying risk, our findings could be used to inform
guideline updates. The next research steps should be the definition of which “high-risk”
patients should be tested for presence of negative risk markers, and the evaluation of the
cost-effectiveness of different “de-risking” strategies.
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Figure 1.
Relationship between pre-test and post-test CVD risk after the knowledge of the negative

result of each risk marker. The regression lines display the relationship between the pre-test
predicted 10-year ASCVD risk (x axis), and the post-test risk (y axis) after the knowledge of
the negative result of each risk marker. A broken back line is displayed as reference (risk
shift with no additional testing). Results were obtained by plotting the pre-test and post-test
risk based on the DLR of each MESA participant, and then applying a linear fit. CAC
indicates coronary artery calcium; CIMT, carotid intima-media thickness; FMD, flow-
mediated dilation; ABI, ankle-brachial index; HSCRP, high sensitivity C-reactive protein;
BNP, brain natriuretic peptide; and CHD, coronary heart disease.
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DLR of CAC=0 for cardiovascular disease events by age and pre-test 10-year atherosclerotic
cardiovascular disease risk. Scatterplots of DLR of CAC=0 for CVD events by age (Figure
2A) and pre-test predicted 10-year ASCVD risk (Figure 2B). Best-fit curves (in red) were
used to plot the mean DLR for each value of age and pre-test predicted risk. CVD indicates
cardiovascular disease; and CAC, coronary artery calcium.
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Figure 3.
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Risk factor-adjusted DLR of negative risk markers for CVD events in four sample patients.
Patient A: 50-year-old Chinese American man, non-smoker, SBP 130mmHg (no
medication), non-diabetic, HDL 40mg/dL, total cholesterol 170mg/dL. Patient B: 60-year-
old White man, smoker, SBP 135mmHg on medication, non-diabetic, HDL 40mg/dL, total
cholesterol 200mg/dL. Patient C: 65-year-old Hispanic woman, current smoker, SBP
160mmHg on medication, non-diabetic, HDL 45mg/dL, total cholesterol 220mg/dL. Patient
D: 75-year-old African American man, non-smoker, SBP 145mmHg on medication, non-
diabetic, HDL 40mg/dL, total cholesterol 230 mg/dL. CAC indicates coronary artery
calcium; CIMT, carotid intima-media thickness; FMD, flow-mediated dilation; ABI, ankle-
brachial index; HsCRP, high sensitivity C-reactive protein; BNP, brain natriuretic peptide;

and CHD, coronary heart disease.
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Baseline characteristics of the 6,814 study participants, the Multi-Ethnic Study of Atherosclerosis.”

Table 1

All

Men

Women

(n=6814) (n=3213) (n=3601) F value

Age, years 62.2 (10.2) 62.2 (10.2) 62.1(10.3) -
Race/ethnicity 0.063

White 2,622 (38.5) 1,259(39.2)  1,363(37.9)

African American 1,893 (27.8) 843 (26.2) 1,050 (29.2)

Hispanic 1,496 (22.0) 721 (22.4) 775 (21.5)

Chinese American 803 (11.8) 390 (12.1) 413 (11.5)
Body mass index, kg/m?2 28.3(5.5) 27.9 (4.5) 28.8 (6.2) 0.001
Current smoker 887 (13.1) 467 (14.6) 420 (11.7) <0.001
Physical activityT, MET-min/week ~ 5.749 (5,896) ~ 6,445 (6,751) 5,127 (4,930)  <0.001
Diabetes 859 (12.7) 449 (14.0) 410 (11.4) 0.001
Systolic blood pressure, mmHg 127 (21) 126 (19) 127 (23) 0.635
Diastolic blood pressure, mmHg 72 (10) 75 (9) 69 (10) <0.001
Total cholesterol, mg/dL 194 (36) 188 (35) 200 (36) <0.001
HDL cholesterol, mg/dL 51 (15) 45 (12) 56 (15) <0.001
Hypertension treatment use 2,536 (37.2) 1,151 (35.8) 1,385 (38.5) 0.023
Lipid-lowering treatment use 1,100 (16.2) 521 (16.2) 579 (16.1) 0.890
10-year CHD Risk? 10.95(8.52)  15.24(9.66)  7.10(4.80)  <0.001
10-year ASCVD Risk8 13.7 (13.3) 16.4 (13.1) 11.2 (12.9)  <0.001

*
Variables presented as mean (SD) or n (%).

TDefined as moderate and vigorous physical activity in MET-min/week

¢Calculated using the Framingham Risk Score.

§Calculated using the ACC/AHA 2013 Pooled Cohort Equations.

HDL indicates high density lipoprotein; CHD, coronary heart disease; and ASCVD, atherosclerotic cardiovascular disease.
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Prevalence of baseline negative risk markers, and number of incident coronary heart disease and
cardiovascular disease events at follow-up among participants with each negative risk marker.”

Table 2

Events at follow-up

Prevalence  AlICHD Hard CHD  All CVD
Coronary Artery Calcium Score =0 3,416 (50.1) 74(2.2) 57 (1.7) 137 (4.0)
Carotid Intima-Media Thickness < 25th Percentile 1,685 (25.1) 52 (3.1) 39 (2.3) 80 (4.7)
No Carotid Plaque 3,927 (58.5) 191 (4.9) 124 (3.2) 280 (7.1)
Flow-Mediated Dilation = 5% Change 1,079 (35.7) 69 (6.4) 38 (3.5) 89 (8.2)
Ankle-Brachial Index >0.9-< 1.3 6,243 (92.7) 429 (6.9) 266 (4.3) 620 (9.9)
HsCRP < 2 mg/L 3496 (51.7) 234(6.7)  155(4.4)  324(9.3)
Homocysteine < 10umol/L 4,660 (68.6) 279 (6.0) 171 (3.7) 402 (8.6)
NT-ProBNP < 100pg/mL 3,988 (71.3) 235(5.9) 133(3.3)  326(8.2)
No Microalbuminuria 6,127 (90.4) 403 (6.6) 258 (4.2) 572 (9.3)
No Family History of CHD 3,661(57.3) 204 (5.6) 130(3.6) 307 (8.4)
No Family History of Premature CHD 4,303 (80.5) 301 (7.0) 190 (4.4) 418 (9.7)
No Metabolic Syndrome 4,346 (64.0) 245 (5.6) 155 (3.6) 347 (8.0)
Healthy Lifestyle 1,397 (28.8) 84 (6.0) 56 (4.0) 116 (8.3)

Variables presented as n (%).

Page 18

CHD indicates coronary heart disease; CVD, cardiovascular disease; HsCRP, high sensitivity C-reactive protein; and NT-ProBNP, N-terminal pro-

brain natriuretic peptide.
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