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4. Rationale:  
 
Nephrolithiasis has been noted to be a common disease especially in industrialized countries. 
Multiple studies have shown a lifetime risk of stone formation in the U.S population 
exceeding 12% in men and 6% in women [1-3]. Prevalence of kidney stones is highest in 
older white males and lowest in younger black females [3]. Kidney stone disease has been 
associated with reduced kidney function and CKD [4,5].  Andrew et al showed in a population 
based cohort study that stone formers have 50-67% higher risk of a clinical diagnosis of CKD 
[5] In addition, the postulated increase in prevalence of kidney stones has been attributed to 
an increasing prevalence of some well known risk factors for kidney stones such as changes in 
diet, obesity and type 2 diabetes. Along with other factors, these risk factors give rise to the 
so-called metabolic syndrome, which seems to be an independent risk factor for kidney stones 
[6]. These new insights have therefore led to the idea that nephrolithiasis may be a systemic 
disorder [7].  
 
Thus far, studies addressing kidney stones prevalence or incidence have focused on either a 
predominately male or a female study population, or mainly on one ethnic group. Using data 
from the ARIC Study provides an excellent opportunity to investigate the prevalence of self-
reported kidney stones as well as the incidence of kidney-stone related hospitalizations in a 
middle aged, biracial population of men and women.  
 
An interesting angle for exploration is the different levels of uric acid in stone vs. non-stone 
formers. Studies have suggested that patients with gout are more likely to suffer from kidney 
stones as well [6-11]. Regarding this association, Kramer and Curhan found that, in a 
probability sample of the general US population from the NHANES 3 survey, patients with 
gout are almost 3 times more likely to develop kidney stones. Approximating 0.7 million 
individuals in the US have both gout and kidney stone disease.[9] Moreover, a large 
prospective study of men (The Health Professionals Follow-up Study) found that gout patients 
had a 2 fold increased risk of incident kidney stones. On the other hand, patients with kidney 
stones did not seem to have an increased risk of incident gout.[10] 
 
The objectives of this proposal are: i. to generate estimates of prevalence and incidence of 
hospitalizations for kidney stones in a large, biracial study of middle-aged adults; ii. to 
identify risk factors for kidney stones in this population and evaluate their association in men 
and women, and in Caucasians and African Americans; and iii. to evaluate the association 
between the presence of kidney stones and gout, as well as the role of hyperuricemia in this 
association. 
 
 
5. Main Hypothesis/Study Questions: 
 
1. What is the prevalence of kidney stone disease and the incidence of kidney stone 
hospitalization in subjects enrolled in the ARIC study? 
2. What are the risk factors for kidney stones in this biracial middle aged population of men 
and women? 
3. Is there an association between kidney stones and gout, and what role does hyperuricemia 
play in this association? 
 



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 methodological limitations or challenges if present). 
 
All analyses will be conducted locally at Johns Hopkins by Saloua Akoudad and Anna 
Kottgen. 
 
Main Exposure:  
Risk factors for kidney stone disease as well as their prevalence in the population will be 
explored. Based on previous literature and biological plausibility, we will investigate 
demographical factors (age, race, sex, education, study center), anthropometric data (waist 
circumference, BMI), co-morbid conditions (blood pressure, hypertension, diabetes status, 
prevalent coronary heart disease (CHD), laboratory measurements such as glucose and serum 
lipids, and lifestyle conditions (smoking status, alcohol intake and medication use [especially 
diuretics]).  For the assessment of kidney function, we will look at glomerular filtration rate 
estimated from serum creatinine (eGFRcreatinine) and cystatin C (eGFRcystatin), as well as 
CKD at visit 4. Finally, we will investigate uric acid (assessed at visit 1 and 2) and gout 
(assessed at visit 4) and their association with kidney stones. More details on the exposures 
are provided in the covariate section. 
 
Main outcomes:  
The overall prevalence of self-reported kidney stones assessed at visit 3 will be examined. 
Additionally, incidence of kidney stones will be determined using hospitalization discharge 
records through December 31, 2005. Hospitalization records with the following ICD-9 codes 
will be used to define a kidney stone-related hospitalization: 592 (calculus of the kidney and 
ureter), 592.0 (calculus of kidney), 592.1 (calculus of ureter), 592.9 (urinary calculus, 
unspecified), 274.11 (uric acid nephrolithiasis), and 275.49 (nephrocalcinosis). Incident 
kidney stone disease will be defined as a kidney-stone related hospitalization among 
individuals who did not report ever having kidney stones at visit 3.  
 
Exclusions: 
Participants missing information on self-reported kidney stones at visit 3 will be excluded. 
For the analyses of incident kidney stone disease, participants with prevalent kidney stone 
disease at visit 3 will be excluded. In secondary analysis, individuals reporting intake of 
medication that influences the uric acid levels (e.g. thiazides) will be excluded.  
 
Covariates:  
The exposure variables, as mentioned above and examined in univariate analyses, will be 
included as covariates in multivariable adjusted models to assess their independent 
contribution. Information on potential covariates was obtained at visit 3, when data on kidney 
stones were collected, with the exception of gout (visit 4) and uric acid (visits 1, 2). 
 
Data analysis:  
 
Primary analyses: Cross-sectionally, the distribution of risk factors in the study population 
among individuals with and without kidney stone disease will be computed using a t-test for 
continuous variables and a Chi-square test for categorical variables. Logistic and prevalence 
ratio regression will be used to examine the multivariate association of risk factors with 
kidney stones disease. We will evaluate two regression models: 1. Adjusted for age and sex; 
and 2. multivariate-adjusted for significant risk factors identified in univariate analysis. 



Important risk factors will be evaluated in detail by conducting stratified analyses, as well as 
evaluating interactions.  
Prevalence of kidney stones will be reported overall, by gender, by ethnicity (white or black) 
and by age (categorized into 5-year age interval).  
Prospectively, individuals will be followed from visit 3 until the first date of hospitalization, 
December 31st, 2005 (end of follow up) or loss to follow up, whichever occurred first. Kidney 
stone hospitalization incidence rates will be calculated using person-time methods. If there are 
enough cases of incident kidney stone hospitalization, the relative hazard of incident kidney 
stone will be evaluated using Cox proportional hazards models.  
Secondary analysis: Depending on the number of participants with incident kidney stones as 
well as incident gout, we will aim to investigate the temporality of the association. This will 
be done by investigating the incidence rates of kidney stones after visit 4 among those without 
gout compared to those with gout, as well as the incidence of gout after visit 3 comparing 
those with to those without kidney stone disease. We realize that the number of incident gout 
cases among those with the kidney stones will likely be small.  
 
Limitations: 
 
One limitation of this study lies in the self-report of kidney stones for the overall prevalence 
estimates with the potential for misclassification and under-ascertainment of asymptomatic 
kidney stone disease. Another limitation arises from the lack of data on types of kidney 
stones. Specific kidney stone types are thought to be associated with different risk factors, 
which we will not be able to distinguish.  Moreover, we do not have data on the onset of 
kidney stone disease, complicating temporal inference. Finally, some exposures may have 
changed over the course of follow-up. 
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