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4. Rationale:

Persons with end-stage renal disease (ESRD) face increased risk of bone fracture, with
older age, female gender, white race, diabetes, low serum albumin, and low BMI
associated with higher risk (1-4, 10). Though limited, evidence also suggests an
association between chronic kidney disease (CKD) and bone fracture (5, 6, 9). Nickolas
and colleagues (15) examined data from the Third National Health and Nutrition
Examination Survey (NHANES I11), a multistage survey of non-institutionalized US
residents conducted between 1988 and 1994, finding that a history of hip fracture was
more common among individuals with CKD Stages 3-4 compared with those without
CKD (eGFR > 60ml/min) (OR 2.6, 95% CI, 1.1-4.7). Similarly, in a case-cohort study
within the Study of Osteoporotic Fractures, women above the age of 65 years with mild
(eGFR<45 ml/min) or moderate (eGFR 45-59 ml/min) kidney disease had elevated risk
of hip (HR 5.0, 95% CI, 1.4-18.5, and HR 3.7, 95% CI, 1.2-11.2, respectively) but not
vertebral fracture in adjusted analyses (6). The mechanism(s) by which CKD associates
with fracture susceptibility — and whether this association extends to earlier stages of
CKD determined by the presence of albuminuria — is not known.

Several factors may explain why individuals with chronic kidney disease and ESRD have
a higher chance of bone fracture. Compromised kidney function results in metabolic and
hormonal imbalances. High levels of serum phosphate, increased secretion of parathyroid
hormone (PTH), low levels of serum calcium, and reduced production of 1,25-OH
vitamin D are common in kidney disease and might adversely affect bone remodeling
(7,8). In addition, medications commonly used in kidney disease can increase risk of
falls. Glucocorticoids often used in glomerular diseases and thiazolidinediones used in
diabetes can increase risk of falls (2, 3, 5, 10, 12). Similarly, the use of antihypertensive
medications including diuretics, beta-blockers, calcium channel blockers, and RAS
blockers is associated with higher risk of falls and fall-related injuries, with a relative risk
of 1.3-1.4 depending on intensity of use (11).

To evaluate the separate associations of eGFR and albuminuria (ACR) with fracture risk,
independent of confounding medications and comorbid conditions, we propose to
investigate risk factors for fracture hospitalizations among participants in the
Atherosclerosis Risk in Communities study.

5.  Main Hypothesis/Study Questions:

Aim 1: Evaluate the association of eGFR with incident fracture hospitalization.
Hypothesis 1: Both continuous eGFR and the presence of reduced kidney function
(eGFR <60 ml/min/1.73 m?) will be associated with fracture risk, independent of
demographic factors as well as hypertension, diabetes, and glucocorticoid use.

Aim 2: Evaluate the independent association of ACR with incident fracture
hospitalization.



Hypothesis 1: Higher ACR will be a strong and independent risk factor for fracture,
independent of demographic factors, kidney disease risk factors, and eGFR

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).

Study Design: Prospective cohort analysis beginning at ARIC visit 4

Inclusion/Exclusion Criteria: The study population will consist of all ARIC participants
attending visit 4 with measured baseline covariates. Participants of African-American
descent from Washington County or Minnesota or self-reported race other than
Caucasian or African-American will be excluded.

Outcome variables: Incident fracture hospitalizations will be identified from surveillance
data using an ICD-9-CM code algorithm used previously (13).

Exposure variables: eGFR will be calculated using the CKD-Epi 2009 creatinine equation
(14). Albuminuria will be calculated as urine albumin-to-creatinine ratio (mg/g).
Glucocorticoid use, thiazide diuretic use, and antihypertensive medication use will be
determined from participant self-report at visit 4.

Summary of data analysis: Student’s t-tests and chi-square tests will be used to examine
difference in continuous and categorical variables by CKD stages, respectively. CKD will
be staged according to the K/DOQI staging system with CKD Stages 1-2 representing
eGFR >60 ml/min/1.73 m? and ACR >30 mg/g, and Stage 3-5 representing eGFR <60
ml/min/1.73 m? regardless of albuminuria. Cox proportional hazards models will be used
to quantify the association between baseline covariates and fracture hospitalization. In
sensitivity analysis, we will compare associations of cystatin C, beta-2-microglobulin,
and beta-trace-protein and incident fracture with that of eGFR based on creatinine and
incident fracture.

Potential limitations: Anticipated methodologic limitations include the identification of
fracture by hospitalization ICD-9-CM code, a method which is likely specific but not
sensitive (does not capture fractures treated in the outpatient setting). The gap between
study visit 4 and 5 does not allow for the modeling of eGFR and ACR as time-varying
covariates, hence kidney function at baseline may not represent kidney function at the
time of fracture.
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