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4. Rationale:

Functional status—the ability to perform usual daily activities—is a key component of quality of
life and well-being, a strong risk factor for mortality, and a crucial factor in ensuring the proper
management of chronic conditions.®> With a few exceptions,®’ studies examining risk factors for
decline in functional status have been conducted in populations of older adults (>65 years of age).
We propose that middle adulthood (45-64 years of age) is a critical period of risk accumulation;
alternations to the cardiovascular system occurring in midlife may induce impairments across
multiple organ systems, leading to a more rapid deterioration in functional status in older
adulthood. The prevalence of cardiovascular disease (CVD) in midlife is low (<10%).2 Subclinical
vascular disease (SVD), known to be predictive of future CVD and mortality,®3 can capture small
alterations in structure and function of the cardiovascular system among asymptomatic persons
and, therefore, may be an informative measure of risk in middle-aged adults. SVD may therefore
provide additional risk stratification of functional decline beyond clinically recognizable CVD. A
better understanding of the role of midlife SVD measures on changes in functional status offers
opportunities for intervention earlier in the course of functional decline.

The primary aim of this proposed study is to examine the association of midlife SVD measures
with trajectories of functional status. We are uniquely positioned to address these questions in the
Atherosclerosis Risk in Communities (ARIC) Study due to its availability of midlife SVD,
repeated measures of functional status measures over 15 years, and large sample size.

5. Main Hypothesis/Study Questions:

e Aim: To identify the association of midlife SVD measures with functional trajectories.
Hypothesis la: Persons with higher SVD burden (ankle-brachial index, intima-media
thickness, carotid distensibility, electrocardiography abnormality, and overall SVD
burden) will have lower baseline levels of functional status.

Hypothesis 1b: Persons with higher SVD burden (ankle-brachial index, intima-media
thickness, carotid artery distensibility, electrocardiography abnormality, and overall SVD
burden) will have more rapid functional decline over time.

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

Exclusion criteria:

e Participants with self-reported race other than black or white.

e Black participants from the Minnesota and Maryland study communities.

e Had prevalent CVD (myocardial infarction [MI], heart failure [HF], or stroke) before the
first functional measure.

e Missing all subclinical measures of interest (ankle-brachial index, carotid intima-media
thickness, carotid artery distensibility, and electrocardiography) at Visit 1.

e Missing any functional status measures.

Outcome:
Functional status: will be measured as a sum score of four questions (yes=1 and no=0), “Are you
able to do your usual activities, such as work around the house or recreation?”, “Are you able to



walk up and down stairs without help?”, “Are you able to do heavy work around the house, such
as shoveling snow or washing windows?”, and “Are you able to walk half a mile without help?”
The total score of functional status will range from 0 (lowest) to 4 (highest). All four questions
were administered to participants during the annual telephone interviews conducted in 1993-2007
(up to 15 annual assessments). The appropriateness of using the sum score of functional status has
been demonstrated in the ARIC.*

Predictors:

Ankle-brachial index (ABI) measured in Visit 1. The details of how ABI was measured
in the ARIC has been previously documented.®™ ABI will be categorized as low risk (1.01-
1.40), intermediate risk (0.90-1.00 or >1.40), and high risk (<0.90).

Carotid artery intima-media thickness (IMT; mm) measured in Visit 1. The details of
how IMT was measured in the ARIC has been provided previously.*® IMT will be modeled
both continuously and in categories with cutoffs 0.6 and 1.0 mm, based on previous
research in the ARIC.1

Carotid artery distensibility (CAD; mm) measured in Visit 1. The details of how CAD
was measured in the ARIC has been previously documented.*®?® CAD will be modeled
both continuously and in tertiles.

Electrocardiography (ECG) abnormality measured in Visit 1. ECG findings will be
classified as no, minor (1-2-6, 1-2-8, 1-3-x, 2-1, 2-2, 2-4, 3-1, 3-3, 4-3, 4-4, 5-3, 5-4, 6-3,
6-5, 7-3, 7-5, 7-6, 8-1-2, 9-1), or major abnormalities (1-1-x, 1-2-x [except 1-2-6 and 1-2-
8], 4-1-1, 4-1-2, 4-2, 5-1, 5-2, 6-1, 6-2, 6-4-1, 6-4-2, 6-8, 7-1-x, 7-2-X, 8-3-1, 8-3-2)
according to Minnesota Codes.?!

Subclinical vascular disease (SVD) burden index: each of four SVD measures (ABI,
carotid IMT, CAD, and ECG abnormalities) will be scored as 0 (no abnormalities), 1
(minor abnormalities), or 2 (severe abnormalities). The SVD burden index will be
calculated as the total score of four measures, ranging from 0 (lowest burden) to 8 (highest
burden).

Covariates:

Race-study center (MN-whites, MD-whites, NC-whites, NC-blacks, MS-blacks) in Visit 1
Age (in years) in Visit 1

Sex (male or female) in Visit 1

Education (<high school, high school or equivalent, or >high school) in Visit 1

Body mass index ([BMI]; <25, 25-30, >30 kg/m?) in Visit 1

Smoking status (current, previous, never) in Visit 1

Physical activity assessed by the Baecke questionnaire in Visit 1; total minutes/week
Diabetes mellitus (yes or no), defined as fasting glucose >126 mg/dL, non-fasting serum
glucose >200 mg/dL, self-reported use of hypoglycemic medications, or self-reported
physician diagnosis within the previous two weeks, in Visit 1

Systolic and diastolic blood pressure (mmHg) in Visit 1

Anti-hypertensive medication use (yes or no) in Visit 1

Hospitalized cardiovascular events—MI, HF, and stroke—that occurred during the follow-
up period (1993-2007) will be identified through the ongoing surveillance of medical



records and thorough participants’ self-report of prior hospitalizations provided using an
annual telephone follow-up interview.?> A composite variable will be created to indicate
the presence of any of three CVD events.

Data Analysis:

We will describe the baseline demographic and health characteristics of the participants by
categories of SVD measures (choice of cut-points for the CVD burden score [0-8] will be
determined by its sample distribution) using means and standard deviations for continuous
variables and counts and proportions for categorical variables. Analysis of variance (or non-
parametric equivalent) and y? test will be used to compare continuous and categorical variables,
respectively.

We will first use the LOWESS plot to visually depict the trajectories of functional status over up
to 15 years. We will then use generalized estimating equation models (Poisson distribution) with
robust variance and unstructured correlation matrix to identify the association of baseline SVD
measures with repeated functional status measures over time. All available functional status
measures will be used. Missing functional status measures will be imputed as the average of two
neighboring values (one year before and after). All available functional status prior to death will
be used. The remaining missing functional status data will be treated as missing at random.* Five
individual SVD measures (ABI, carotid IMT, CAD, and ECG abnormalities) and the SVD burden
index (both continuously and in categories) will be modeled separately, with the healthiest group
being the reference. Model 1 will adjust for a combined race-study center variable, age
(continuous), age squared (will be dropped if P>0.2), and sex. Model 2 will additionally adjust for
education (<high school, high school or equivalent, or >high school), smoking status (current,
former, or never), physical activity (continuous), BMI (<25, 25-30, or >30 kg/m?), diabetes
(present or not), and hypertension (present or not) in the fully adjusted models. Linear spline terms
will be used to represent time since baseline if the trajectories of functional status are observed to
be non-linear.

In sensitivity analyses, we will examine interactions on the association of SVD with trajectories
of functional status differs across two important demographic variables: age and sex. A second
sensitivity analysis will exclude incident CVD (MI, HF, or stroke) cases occurring between 1993-
2007.

All tests will be two-sided with a significance level of P <0.05. Analyses will be performed using
Stata version 15.0 (StataCorp IC, College Station, TX).



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

8.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)?

Cardiovascular Disease and Patterns of Change in Functional Status Over 15 Years: Findings
from the Atherosclerosis Risk in Communities (ARIC) Study. Anna Kucharska-Newton, Michael
Griswold, Zhihao Howard Yao, et al.

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any
ancillary study data? Yes X __No

11.b. If yes, is the proposal
A. primarily the result of an ancillary study (list number* )
___ 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/

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


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

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.

13. Per Data Use Agreement Addendum, approved manuscripts using CMS data shall be
submitted by the Coordinating Center to CMS for informational purposes prior to
publication. Approved manuscripts should be sent to Pingping Wu at CC, at
pingping_wu@unc.edu. | will be using CMS data in my manuscript Yes _ X No.

Reference

1. Stewart AL, Greenfield S, Hays RD, et al. Functional status and well-being of patients with chronic
conditions. Results from the Medical Outcomes Study. JAMA. 1989;262(7):907-913.

2. Reuben DB, Rubenstein LV, Hirsch SH, Hays RD. Value of functional status as a predictor of mortality:
results of a prospective study. Am J Med. 1992;93(6):663-669.

3. Carey EC, Walter LC, Lindquist K, Covinsky KE. Development and validation of a functional morbidity
index to predict mortality in community-dwelling elders. J Gen Intern Med. 2004;19(10):1027-1033.

4, Fried TR, Bradley EH, Towle VR, Allore H. Understanding the treatment preferences of seriously ill
patients. N Engl J Med. 2002;346(14):1061-1066.

5. Patrick DL, Kinne S, Engelberg RA, Pearlman RA. Functional status and perceived quality of life in adults
with and without chronic conditions. J Clin Epidemiol. 2000;53(8):779-785.

6. Liang J, Xu X, Bennett JM, Ye W, Quifiones AR. Ethnicity and changing functional health in middle and
late life: a person-centered approach. J Gerontol B Psychol Sci Soc Sci. 2010;65(4):470-481.

7. Liang J, Bennett JM, Shaw BA, et al. Gender differences in functional status in middle and older age: are
there any age variations? J Gerontol B Psychol Sci Soc Sci. 2008;63(5):S282-292.

8. Benjamin EJ, Blaha MJ, Chiuve SE, et al. Heart disease and stroke statistics—2017 update: a report from
the American Heart Association. Circulation. 2017;135(10):e146-e603.

9. Inzitari M, Arnold AM, Patel KV, et al. Subclinical vascular disease burden and risk for death and

cardiovascular events in older community dwellers. Journals of Gerontology Series A: Biomedical Sciences
and Medical Sciences. 2011;66(9):986-993.

10. Newman AB, Shemanski L, Manolio TA, et al. Ankle-arm index as a predictor of cardiovascular disease
and mortality in the Cardiovascular Health Study. Arteriosclerosis, thrombosis, and vascular biology.
1999;19(3):538-545.

11. Newman AB, Arnold AM, Naydeck BL, et al. "Successful aging": effect of subclinical cardiovascular
disease. Arch Intern Med. 2003;163(19):2315-2322.

12. Newman AB, Boudreau RM, Naydeck BL, Fried LF, Harris TB. A physiologic index of comorbidity:
relationship to mortality and disability. The Journals of Gerontology Series A: Biological Sciences and
Medical Sciences. 2008;63(6):603-609.

13. Wu C, Smit E, Sanders JL, Newman AB, Odden MC. A Modified Healthy Aging Index and Its Association
with Mortality: The National Health and Nutrition Examination Survey, 1999-2002. J Gerontol A Biol Sci
Med Sci. 2017;72(10):1437-1444.

14, Kucharska-Newton A, Griswold M, Yao ZH, et al. Cardiovascular Disease and Patterns of Change in
Functional Status Over 15 Years: Findings From the Atherosclerosis Risk in Communities (ARIC) Study. J
Am Heart Assoc. 2017;6(3).

15. Tsai AW, Folsom AR, Rosamond WD, Jones DW. Ankle-brachial index and 7-year ischemic stroke
incidence: the ARIC study. Stroke. 2001;32(8):1721-1724.

16. Chambless LE, Heiss G, Folsom AR, et al. Association of coronary heart disease incidence with carotid
arterial wall thickness and major risk factors: the Atherosclerosis Risk in Communities (ARIC) Study,
1987-1993. Am J Epidemiol. 1997;146(6):483-494.


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

17.

18.

19.

20.

21.

22.

Hunt KJ, Sharrett AR, Chambless LE, Folsom AR, Evans GW, Heiss G. Acoustic shadowing on B-mode
ultrasound of the carotid artery predicts CHD. Ultrasound Med Biol. 2001;27(3):357-365.

Li R, Duncan BB, Metcalf PA, et al. B-mode-detected carotid artery plaque in a general population.
Atherosclerosis Risk in Communities (ARIC) Study Investigators. Stroke. 1994;25(12):2377-2383.

Yang EY, Chambless L, Sharrett AR, et al. Carotid arterial wall characteristics are associated with incident
ischemic stroke but not coronary heart disease in the Atherosclerosis Risk in Communities (ARIC) study.
Stroke. 2012;43(1):103-108.

Schmitz KH, Arnett DK, Bank A, et al. Arterial distensibility and physical activity in the ARIC study. Med
Sci Sports Exerc. 2001;33(12):2065-2071.

Vitelli LL, Crow RS, Shahar E, Hutchinson RG, Rautaharju PM, Folsom AR. Electrocardiographic
findings in a healthy biracial population. Atherosclerosis Risk in Communities (ARIC) Study Investigators.
Am J Cardiol. 1998;81(4):453-459.

The Atherosclerosis Risk in Communities (ARIC) Study: design and objectives. The ARIC investigators.
Am J Epidemiol. 1989;129(4):687-702.



	SC `Reviewed: _________  Status: _____   Priority: ____
	First author: Chenkai Wu

