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4. Rationale:

Atherosclerosis is characterized by arterial wall thickening due to the deposition
of plaque consisting of lipoprotein particles, macrophages, and smooth muscle cells.!?
Representative risk factors for atherosclerosis include age, dyslipidemia, hypertension,
cigarette smoking, and hyperglycemia.>® Atherosclerosis is a leading cause of coronary



heart disease (CHD) and stroke. Although the incidence of atherosclerotic cardiovascular
disease has been decreasing over several decades, of note, it is still a leading cause of
death in the United States.'**"

Atherosclerosis can also impact kidney function through a few
mechanisms. Atherosclerotic renal artery stenosis is a representative example and
may lead to kidney dysfunction mainly through hypertension due to activated
renin angiotensin system.*? Indeed, as much as 14% of end-stage renal disease
(ESRD) is attributable to chronic ischemic nephropathy from renal artery
stenosis.® Moreover, some studies suggest the link between atherosclerosis of
intrarenal vasculature and glomerulosclerosis.** On the other hand, it is also
possible that atherosclerosis and kidney disease merely share common pathogenic
mechanisms or risk factors such as diabetes and hypertension.*

Elsayed et al. have reported that kidney function declines faster among persons
with atherosclerotic disease (CHD, stroke, and peripheral artery disease) than those
without.” However, treatment or clinical examinations in those with atherosclerotic
disease (e.g., iodinated contrast agent) may have confounded this association. In this
connection, measures of subclinical atherosclerosis (e.g., carotid intima-media thickness
[IMT] and ankle-brachial index [ABI]) would be of value, and indeed several studies
have observed those measures predating kidney disease progression.'®?* However, most
of them dealt with selected populations of white race*®*® or older adults**?°, leaving
uncertainty regarding their generalizability. Also, of those studies, only one study
investigated multiple measures of subclinical atherosclerosis*® (ABI and carotid IMT),
and thus it is not clear whether the magnitude of associations, if any, varies across
subclinical atherosclerosis measures. Most importantly, none of previous studies have
evaluated ESRD, the most severe form of kidney disease with disproportionate high
medical expenditure, as a kidney outcome.*%

Thus, we will comprehensively evaluate several measures of subclinical
atherosclerosis such as carotid IMT, carotid plaque, ABI, and popliteal IMT and their
relationships to incident ESRD over 20 years of follow-up in the Atherosclerosis Risk in
Communities (ARIC) Study, a large community-based bi-ethnic cohort of middle-aged
population.

5. Main Hypothesis/Study Questions:
Subclinical atherosclerosis is prospectively associated with incident end-stage renal
disease independently of conventional kidney disease risk factors

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).

Inclusions:

- All white and black ARIC participants with data on measures of subclinical
atherosclerosis (carotid IMT, carotid plagque, popliteal IMT and ABI) at visit of interest
and incident ESRD during follow-up



Exclusions:

- Race other than white or black

- Missing data on subclinical atherosclerosis at baseline and incident ESRD during
follow-up

- Estimated glomerular filtration rate (eGFR) <15 ml/min/1.73m? at visit of interest

Exposures (independent variables):

We will use data at visit 1 with most rich data on subclinical atherosclerosis

measures and longest follow-up for ESRD for primary analysis but will repeat the
analysis for other visits, whenever possible, as secondary analysis.

Carotid IMT (available at visits 1 through 4) was measured from the blood-
intimal to the medial-adventitial interface, and thus represent the sum of the
intimal and medial thicknesses.? Carotid arteries were examined bilaterally at
three sites: the level of the common carotid (1cm proximal to the dilatation of the
carotid bulb), the carotid bifurcation (1cm proximal to the flow divider), and the
internal carotid artery (1cm distal to the flow divider). Ultrasound readers record
the presence of atherosclerotic plaque, without reference to plaque
morphology.?®?” Carotid ultrasound data are available at visit 1 through 4, and
thus will allow us to adjust for albumin-creatinine ratio (ACR) at visit 4 as
sensitivity analysis

Carotid plaque (available at visits 1 through 4): A dichotomous variable of
presence or absence of plaque will be used for the analysis.

The ABI (available at visit 1 in the entire study population and at visits 3 and 4 in
subsample) is the ratio of systolic blood pressure (SBP) at the ankle to SBP at the
brachial artery. Ankle and brachial SBP measurements were ascertained using the
Dinamap 1846 SX (Critixon, Tampa, Fla).?® Ankle blood pressure was measured
at the posterior tibial artery in one leg. Ankle SBP is defined as the fourth SBP
readings or to be the third, second, or first non-missing readings in this order if
the fourth SBP readings are missing. Brachial SBP is defined as the first arm SBP
or the second SBP if the first SBP readings are missing.The ABI was computed
by dividing the ankle SBP by brachial SBP.%

Popliteal arterial IMT (available only at visit 1) was measured in a single leg (the
side randomly determined for ABI measurement) using the method described
above for carotid IMT.

Outcome (dependent variables):

Incident ESRD was defined as initiation of dialysis therapy, transplantation, or

death due to kidney disease.*® Cases with dialysis therapy and transplantation were
identified by linkage to the US Renal Data System (USRDS), which captures information
about all Americans who receive renal replacement therapy or are awaiting kidney
transplantation.?* Participants who were free of ESRD by December 31, 2010, were
administratively censored.

Other variables of interest and covariates:
-Socio-demographics: age, sex, race
-Lifestyle factors: smoking status, alcohol intake



-Physical measurements: body mass index (BMI), blood pressure

-Comorbidities: dyslipidemia, hypertension, diabetes, and history and incidence of
cardiovascular disease (CVD) (CHD, stroke, and heart failure), kidney function (eGFR)
and damage (ACR [only at visit 4])

Statistical Analysis Plan:

As described above, we will use visit 1 data as baseline in primary
analysis. Whenever possible, we will repeat the analysis with other visits with
emphasis on visit 4, which will allow us to account for ACR, a potent risk factor
for ESRD.*

Carotid IMT, popliteal IMT, and ABI will be modeled using both quartiles
and 1-SD increment in each measure. ABI will also be evaluated based on
following six categories (<0.9, 0.9-1.0, 1.0-1.1, 1.1-1.2, 1.2-1.3, >1.3) according
to clinical threshold and literature.**>* Baseline characteristics will be
summarized according to the quartiles or clinical categories of each subclinical
measure, and differences across the quartiles or clinical categories will be
assessed by chi-square test and analysis of variance, as appropriate.

To visualize the potentially nonlinear association between each subclinical
measure and ESRD, incidence rate of ESRD adjusted for age, sex, and race will
be evaluated using a Poisson regression model with linear splines (3 knots
corresponding to cut-offs of the quartiles of carotid IMT and popliteal IMT and 5
knots to cut-offs of the clinical categories of ABI).

We will first evaluate the correlations among subclinical measures and
eGFR. We will then quantify the association of each subclinical measure with
incident ESRD using Cox proportional hazards models. We will use 5 statistical
models with progressive adjustment. Model 1 is unadjusted. In model 2, we will
adjust for age, sex, and race. In model 3, we will further adjust for SBP,
antihypertensive medication, smoking status, alcohol intake, BMI, total and high-
density lipoprotein cholesterol levels, diabetes, and history of CVD. Model 4
additionally adjust for eGFR (and ACR for visit 4 analysis). Model 5 will further
include the other three subclinical measures (e.g., adjusting for carotid plaque,
popliteal IMT, and ABI for the analysis of carotid IMT).

We will conduct several sensitivity analyses. First, we will examine the
association in subgroups defined by age (<55 vs >55 years), sex, race,
presence/absence of diabetes, hypertension, obesity, reduced eGFR (<60 vs >60
mL/min/1.73 m?), high albuminuria (ACR<30 vs >30 mg/g), and history of CVD.
The likelihood ratio test will be used to test interactions. Second, we will conduct
competing-risk analysis with death as a competing endpoint of ESRD. Third, we
will include incident CHD and heart failure events during follow-up as time-
varying covariates. All statistical analyses and graphical displays will be
performed using Stata version 13.0 (StataCorp LP, College Station, Texas).

Limitations:

Popliteal IMT and ABI were both measured in single leg. Some key measures are
only available at limited visits (e.g., popliteal IMT only at visit 1, ABI at visit 3 and 4
only in subsample, and ACR only at visit 4). We may have limited number of ESRD



events in participants of certain quartile/category of subclinical measures, and thus may
not have enough power in certain strata in subgroup analysis. In addition, this study may
not be exempt from residual confounding.

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
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)?

There are no proposal looking at measures of sublicnial atherosclerosis and their
associations with ESRD risk. However, a few proposals listed below have some
conceptual similarity.

-ARIC manuscript proposal #504 “Does a low ankle-brachial index predict the
development of renal insufficiency?” looks at low ABI and the development of renal
insufficiency between visits 1 and 4.

-ARIC manuscript proposal #1058 “Kidney Function and Risk of Peripheral Arterial
Disease: Results from the Atherosclerosis Risk in Communities (ARIC) Study” evaluates
CKD as a predictor of PAD (opposite directionality from our current proposal).

- ARIC manuscript proposal #2241 “The association of kidney disease measures with
arterial stiffness: The Atherosclerosis Risk in Communities (ARIC) Study” investigates
the association between CKD and measures of atrial stiffness in ARIC using visit 5 data.
High ABI is included as a marker of arterial stiffness.
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