ARIC Manuscript Proposal #2241

PC Reviewed: 10/8/13 Status: A Priority: 2
SC Reviewed: Status: Priority:

l.a. Full Title: The association of kidney disease measures with arterial stiffness: The
Atherosclerosis Risk in Communities (ARIC) Study

b. Abbreviated Title (Length 26 characters): Kidney & arterial properties

2. Writing Group:
Writing group members: Kunihiro Matsushita, Hirofumi Tanaka, Shoshana Ballew,
Yingying Sang, Gerardo Heiss, Josef Coresh, Others welcome

I, the first author, confirm that all the coauthors have given their approval for this
manuscript proposal. KM _ [please confirm with your initials electronically or in
writing]

Firstauthor:  Kunihiro Matsushita

Address: Department of Epidemiology,
Johns Hopkins Bloomberg School of Public Health,
615 N. Wolfe Street (Rm W6017), Baltimore, MD 21205
Phone: (443) 287-8766 Fax: (410) 955-8086
E-mail: kmatsush@jhsph.edu

ARIC author to be contacted if there are questions about the manuscript and the first
author does not respond or cannot be located (this must be an ARIC investigator).
Name:
Address:

Phone: Fax:
E-mail:

3. Timeline: Analysis will begin following proposal approval and completion of visit 5
data cleaning. A manuscript will be completed within 6 months after receiving necessary
data for this proposal.

4. Rationale:

Chronic kidney disease (CKD), characterized by reduced kidney function or kidney
damage, is a major global public health problem."? CKD affects over 10% of adults in
the world®® and is an independent predictor of adverse outcomes.” ® Cardiovascular



disease (CVD) is one of the most important adverse outcomes among individuals with
CKD, as it is the leading cause of death in this population.® Increased CVD risk in
patients with CKD is accounted for only in part by conventional risk factors,*® and other
mechanisms are yet to be elucidated.

In this context, arterial stiffness has attracted attention of clinicians and investigators
as a potential mechanism linking CKD to CVD.™ Indeed, several studies demonstrate the
association of CKD with arterial stiffness.**"*® However, most of these studies focused on
either of two key kidney measures, glomerular filtration rate (GFR) and albuminuria, but
not both, investigated clinically selected population (e.g., hypertension or diabetes),
include a small number of participants (often n< 1000), and did not evaluate a gold
standard measure of arterial stiffness, i.e., carotid-femoral pulse wave velocity (PWV).
Thus, a comprehensive examination of two key kidney measures and arterial stiffness in a
large sample from the general population with broad range of kidney status is needed.

PWYV and ankle-brachial index (ABI) in the fifth visit of the Atherosclerosis Risk in
Communities (ARIC) Study, therefore, provides an excellent opportunity to assess the
associations of estimated GFR and albuminuria with arterial stiffness including the gold
standard measure in a bi-ethnic community-based population with ~8000 older
individuals. As the prevalence of CKD drastically increases along with age (from 4% at
age 20-39 to 47% at age >70 years in the US),"’ the data from this cohort of older
individuals are important.

5.  Main Hypothesis/Study Questions:
Two key kidney disease measures are cross-sectionally associated with arterial stiffness
independently of each other and conventional cardiovascular 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 black and white ARIC subjects with data on kidney disease measures (serum
creatinine and cystatin C and albuminuria) and PWV/ABI at visit 5

Exclusions:
-Ethnicity other than black or white
-Missing data on kidney disease measures and PWV/ABI

Exposure (independent variables):

-estimated GFR (eGFR)
eGFR will be calculated using the recently proposed CKD-EPI equation®®
incorporating data of serum creatinine concentration, age, gender, and race at visit 5
and measured in ml/min/1.73 m2. We will also evaluate the consistency of our
results by using eGFR incorporating age, gender, race, serum creatinine and
cystatin C.* Although our primary exposure will be eGFR at visit 5, using



previous ARIC visits, we will also assess the association of eGFR overtime
(cumulative exposure and change) with measures of atrial stiffness.

-albuminuria
As recommended in clinical guidelines,? urinary albumin-to-creatinine ratio (ACR)
will be used as a measure of albuminuria. As will be done for eGFR, our primary
exposure will be ACR at visit 5, but we will also assess ACR overtime (from visit 4
to visit 5).

Outcome (dependent variables):
-Arterial stiffness measures
e Carotid-femoral PWV
e Brachial-ankle PWV
e Carotid artery augmentation index
e Central pulse pressure (considered to reflect aortic compliance and stroke
volume)*
e Total systemic arterial compliance ([stroke volume]/[aortic pulse pressure])*®
e ABI (ahigh ABI is considered as a marker of lower extremity arterial stiffness)*

Other variables of interest and covariates:

-Sociodemographics: age, race, gender, education level

-Physical information: body mass index, waist circumference, blood pressure, heart rate
-Lifestyle: smoking status, alcohol habit, and physical activity

-Comorbidities: Diabetes, hypertension, dyslipidemia, and history of CVD (coronary
heart disease, stroke, and heart failure), inflammation (high-sensitivity C-reactive protein)

Statistical Analysis Plan:

The primary analysis will use linear regression models to quantify the association
between kidney disease measures and arterial stiffness measures. eGFR and ACR will be
treated as continuous variables with splines and categorical variables based on clinical
categories (eGFR: <15, 15-29, 30-44, 45-59, 60-89, and 90+ ml/min/1.73m? and ACR:
<30, 30-299, and 300+ mg/g) in the models. We will adjust for the covariates listed
above. We will test interaction of these kidney measures on the associations with arterial
stiffness parameters. We will repeat the analysis after stratifying the study sample by age,
gender, race, and presence/absence of comorbidities such as obesity and diabetes. For
arterial stiffness variables with clinical cutoff points (e.g., ABI >1.4 [or incompressible]
or <0.9), we will also run logistic regression models with dichotomized dependent
variables.

We will conduct a few sensitivity analyses. Firstly, to evaluate the impact of extreme
values, we will exclude individuals with CKD stage 5 (eGFR <15) or ESRD at visit 5.
Secondly, we will exclude individuals with history of cardiovascular disease. Finally, we
will exclude participants who are taking medications with hemodynamic effects, such as
renin angiotensin system inhibitors, beta-blockers, or diuretics.

Limitations:



A cross-sectional design will not allow us to evaluate causality of the associations.
As with any observational study, we will not be able to rule out the possibility of residual
confounding. The results may not be generalizable to younger population or ethnic
groups other than whites and blacks.
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