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4. Rationale:

As a pathophysiological manifestation of atherosclerosis, coronary artery calcium
(CAC) is one of the strongest predictors of atherosclerotic cardiovascular disease
(ASCVD) events, such as myocardial infarction and stroke. The AHA/ACC/Multi-
Society 2018 Guideline on the Management of Blood Cholesterol emphasized the value
of CAC for refining ASCVD risk prediction among individuals age 45-75 and guiding
primary prevention therapies. The guideline defined a CAC score >100 and/or >75" age-,
sex-, and race- specific percentile as a marker of high ASCVD risk.! In current clinical
practice, CAC is commonly reported as both an absolute CAC score as well as a
demographic-specific percentile based on data from the Multi-Ethnic Study of
Atherosclerosis (MESA).%®

While the value of cardiovascular risk prediction with traditional atherosclerotic risk
factors in the 75-and-older population is controversial, some experts suggest CAC may
be a useful risk predictor in this specific population,*® since CAC can reflect both
cumulative exposure of atherosclerotic risk factors and individual susceptibility to those
risk factors.”% Indeed, current clinical guidelines recommend assessing CAC for
refining risk assessment of older adults with low risk factor burden.! However, since
MESA percentiles for the 75+ age group are lacking due to limited data availability,
knowledge regarding the population-based distribution of CAC in the 75-and-older
population is minimal, precluding reporting of CAC percentiles and limiting our ability to
interpret absolute CAC scores in this population.

To fill this knowledge gap, using new CAC data available in ARIC Visit 7, we aim
to characterize the distribution of CAC and determine percentiles in the 75-and-older
population. This analysis will also allow us to quantify the prevalence of zero and low
CAC in the older adult population. This quantification is important since the concept of
“de-risking” (i.e., identifying lower risk individuals in whom preventive
pharmacotherapies could be safely avoided) according to zero and low CAC is
promising.1®!! On the other hand, for the older adult population there is also a perception
that the prevalence of CAC (CAC>0) is very high and thus CAC may not be very useful
for de-risking those 75-and-older;!2*2 therefore, the present study will provide important
answers to these questions. Additionally, we will repeat the investigation for extra-
coronary calcification (ECC) since ECC has been shown to provide additional prognostic
information beyond CAC and may be used clinically in the future.**’

5.  Main Hypothesis/Study Questions:

Aim 1: To characterize the distribution of CAC in the 75-and-older population
Aim la: To determine age, sex, and race-specific CAC percentiles for the 75-and-
older population
Aim 1b: To quantify the prevalence of zero CAC in the 75-and-older population
Aim 2: To explore the distribution of ECC in the 75-and-older population



6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific to the time of their collection, summary of data
analysis, and any anticipated methodologic limitations or challenges if present).

Study Design: Cross-sectional study
Inclusion Criteria:

- Black and white ARIC participants who underwent CAC scan at Visit 7
- Age 75+

Exclusion Criteria:
- Prevalent coronary heart disease (by design of the ARIC CAC ancillary study)

Covariates:
From Visit 7 data, we will consider:
-Sociodemographics: age, race, sex, education, income
-Physical information: body mass index
- Lifestyle: smoking status
-Comorbidities: dyslipidemia, hypertension, diabetes, obesity, use of antihypertensive
and cholesterol lowering medication
-Laboratory examinations: NT-proB-type Natriuretic Peptide (BNP), troponin T

Statistical analysis plan:

Baseline characteristics of the participants will be summarized by sex and race.
Participants will be stratified by sex and race to examine the distribution of CAC by age
for each of the sex-race subgroups. Since the distributions of CAC are expected to be
skewed with ~10% of individuals with CAC 0, we will use locally weighted regression
(span=0.7) to first nonparametrically model the log-transformed positive (non-zero)
portion of the CAC distribution for each subgroup. We will use ranked pool residuals
from the local regression to calculate percentiles of the residuals. The residuals for each
percentile will be added back to the age-specific fitted values and then exponentiated to
yield CAC corresponding to each percentile in the non-zero portion of the distribution
over age. To estimate percentiles for the overall CAC distribution, the jth percentile will
be calculated with the equation CAC;j =100 * (p + [(1 - p)j]/100) where p is the
proportion of individuals, within the given age, sex, and race with CAC 0. Further details
and strengths of this method for estimating nonparametric percentiles have been
previously published.®!® Prevalence and median CAC score by subgroups over age will
also be analyzed and compared. Additionally, associations between CAC
percentiles/scores and surrogate markers of cardiovascular health, NT-proBNP, and
troponin T, will be assessed using multivariable linear regression. The same analyses
will be conducted on ECC parameters (valvular and aortic calcification). Associations
between CAC values and ECC findings will also be examined using linear regression and
concordance of 0 calcification findings will be assessed using Kappa statistics.
Sensitivity analyses will include restricting analyses to non-diabetics, stratifying analyses
by statin usage, and excluding those with a history of stroke to determine whether




estimated percentile values are drastically affected. Additionally, percentile findings for
CAC and ECC may be validated and enriched using the MESA database.

7.a. Will the data be used for non-CVD analysis in this manuscript?
Yes X__No

b. If Yes, is the author aware that the file ICTDERO3 must be used to exclude
persons with a value RES_OTH = *“CVD Research” for non-DNA analysis, and
for DNA analysis RES_DNA = “CVD Research” would be used?

___Yes ___ No
(This file ICTDER has been distributed to ARIC Pls, and contains
the responses to consent updates related to stored sample use for research.)

8.a. Will the DNA data be used in this manuscript?
Yes X__No

b. If yes, is the author aware that either DNA data distributed by the
Coordinating Center must be used, or the file ICTDERO3 must be used to
exclude those with value RES_DNA = “No use/storage DNA”"?

___Yes ___ No

9. The lead author of this manuscript proposal has reviewed the list of existing
ARIC Study manuscript proposals and has found no overlap between this
proposal and previously approved manuscript proposals either published or still
in active status. ARIC Investigators have access to the publications lists under the
Study Members Area of the web site at: http://www.cscc.unc.edu/ARIC/search.php

X Yes No

10. What are the most related manuscript proposals in ARIC (authors are
encouraged to contact lead authors of these proposals for comments on the new
proposal or collaboration)?

There are no existing ARIC manuscript proposals on the cross sectional distribution of
CAC in older adults or on related topics.

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use
any ancillary study data? X__Yes No

11.b. If yes, is the proposal
_X_ A primarily the result of an ancillary study (list number* _2016.06 )
____ B. primarily based on ARIC data with ancillary data playing a minor
role (usually control variables; list number(s)*

)

*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/



http://www.cscc.unc.edu/ARIC/search.php
http://www.cscc.unc.edu/aric/forms/

12a. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the date
of the approval, the manuscript proposal will expire.

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the
public has access to the published results of NIH funded research. It is your
responsibility to upload manuscripts to PUBMED Central whenever the journal does
not and be in compliance with this policy. Four files about the public access policy from
http://publicaccess.nih.gov/ are posted in http://www.cscc.unc.edu/aric/index.php, under
Publications, Policies & Forms. http://publicaccess.nih.gov/submit_process_journals.htm
shows you which journals automatically upload articles to Pubmed central.

References:

1. Grundy SM, Stone NJ, Bailey AL, et al. 2018
AHAJ/ACC/AACVPR/AAPA/ABC/ACPM/ADAIAGS/APhA/ASPC/NLA/PCNA Guideline on
the Management of Blood Cholesterol. Circulation. 2019;139(25):e1046-e1081.

2. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M, Detrano R. Quantification of
coronary artery calcium using ultrafast computed tomography. J Am Coll Cardiol.
1990;15(4):827-832.

3. McClelland RL, Chung H, Detrano R, Post W, Kronmal RA. Distribution of coronary artery
calcium by race, gender, and age: results from the Multi-Ethnic Study of Atherosclerosis (MESA).
Circulation. 2006;113(1):30-37.

4. Lind L, Sundstrom J, Arnlév J, Lampa E. Impact of Aging on the Strength of Cardiovascular Risk
Factors: A Longitudinal Study Over 40 Years. J Am Heart Assoc. 2018;7(1).
5. Psaty BM, Furberg CD, Kuller LH, et al. Traditional risk factors and subclinical disease measures

as predictors of first myocardial infarction in older adults: the Cardiovascular Health Study. Arch
Intern Med. 1999;159(12):1339-1347.

6. Mukamal KJ, Kronmal RA, Tracy RP, Cushman M, Siscovick DS. Traditional and novel risk
factors in older adults: cardiovascular risk assessment late in life. Am J Geriatr Cardiol.
2004;13(2):69-80.

7. Blaha MJ, Blankstein R, Nasir K. Coronary Artery Calcium Scores of Zero and Establishing the
Concept of Negative Risk Factors. J Am Coll Cardiol. 2019;74(1):12-14.
8. Elias-Smale SE, Proenga RV, Koller MT, et al. Coronary calcium score improves classification of

coronary heart disease risk in the elderly: the Rotterdam study. J Am Coll Cardiol.
2010;56(17):1407-1414.

9. Yano Y, O'Donnell CJ, Kuller L, et al. Association of Coronary Artery Calcium Score vs Age
With Cardiovascular Risk in Older Adults: An Analysis of Pooled Population-Based Studies.
JAMA Cardiol. 2017;2(9):986-994.

10. Blaha MJ, Cainzos-Achirica M, Greenland P, et al. Role of Coronary Artery Calcium Score of
Zero and Other Negative Risk Markers for Cardiovascular Disease: The Multi-Ethnic Study of
Atherosclerosis (MESA). Circulation. 2016;133(9):849-858.

11. Newman AB, Naydeck BL, Sutton-Tyrrell K, Feldman A, Edmundowicz D, Kuller LH. Coronary
artery calcification in older adults to age 99: prevalence and risk factors. Circulation.
2001;104(22):2679-2684.

12. Pletcher MJ, Pignone M, Earnshaw S, et al. Using the coronary artery calcium score to guide
statin therapy: a cost-effectiveness analysis. Circ Cardiovasc Qual Outcomes. 2014;7(2):276-284.
13. van Kempen BJ, Spronk S, Koller MT, et al. Comparative effectiveness and cost-effectiveness of

computed tomography screening for coronary artery calcium in asymptomatic individuals. J Am
Coll Cardiol. 2011;58(16):1690-1701.


http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm

14,

15.

16.

17.

18.

Gondrie MJ, van der Graaf Y, Jacobs PC, Oen AL, Mali WP, Group PS. The association of
incidentally detected heart valve calcification with future cardiovascular events. Eur Radiol.
2011;21(5):963-973.

Iribarren C, Sidney S, Sternfeld B, Browner WS. Calcification of the aortic arch: risk factors and
association with coronary heart disease, stroke, and peripheral vascular disease. JAMA.
2000;283(21):2810-2815.

Allison MA, Hsi S, Wassel CL, et al. Calcified atherosclerosis in different vascular beds and the
risk of mortality. Arterioscler Thromb Vasc Biol. 2012;32(1):140-146.

Tison GH, Guo M, Blaha MJ, et al. Multisite extracoronary calcification indicates increased risk
of coronary heart disease and all-cause mortality: The Multi-Ethnic Study of Atherosclerosis. J
Cardiovasc Comput Tomogr. 2015;9(5):406-414.

O'Brien PC, Dyck PJ. Procedures for setting normal values. Neurology. 1995;45(1):17-23.



	SC Reviewed: _________   Status: _____   Priority: ____
	First author: Frances Wang, MS
	Address:  Johns Hopkins Bloomberg School of Public Health

