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3. Timeline: Data to be used in this proposal are already available. Analyses and 
manuscript preparation will be performed over the next 6 months. 
 
 
4. Rationale:  



Hypertension is one of the most prevalent risk factors for cardiovascular disease (CVD), 
affecting one-third of US adults.1 Persons with hypertension have 5 years shorter total life 
expectancy and 7 years shorter CVD-free survival as compared to those without 
hypertension.1 In 90 percent of persons with hypertension, a specific cause cannot be 
determined and, thus, they are diagnosed as primary (or essential) hypertension.2 
 Although, thus, essential hypertension is a multifactorial entity, various basic studies 
have suggested that kidney dysfunction may predate essential hypertension. Hypertension 
can be induced by subtle renal injury in rats.3 The number of nephrons is lower in some 
animal models with hypertension as compared to those without hypertension.4 Similarly, 
a small pathological study has reported that persons with essential hypertension have 
lower number of nephrons as compared to normotensive individuals.5   
 Several epidemiological studies have investigated the association of kidney 
dysfunction with incident hypertension.6-11 Most of them6-9 have focused on albuminuria, 
a marker of kidney damage, and reported its positive association with incident 
hypertension. However, only two studies, to our knowledge, have investigated both 
glomerular filtration rate (GFR), the best overall integrating measure of kidney function, 
and albuminuria together regarding their associations with the development of 
hypertension,10, 11 with conflicting results. Brantsma and colleagues reported that 
estimated GFR (eGFR) may be only marginally associated with incident hypertension 
only when albuminuria is extremely low, while albuminuria is consistently associated 
with incident hypertension independently of potential confounders.10 In contrast, 
Kestenbaum and colleagues have shown that reduced eGFR, represented by elevated 
serum cystatin C concentrations, but not albuminuria, is associated with incident 
hypertension. However, since cystatin C is known to be regulated also by non-kidney 
factors.12   
 Using the ARIC study visit 4 data as a baseline provides an excellent opportunity to 
evaluate independent associations of eGFR and albuminuria with incident hypertension in 
a middle-aged, biracial population. 
  
5. Main Hypothesis/Study Questions: 
Hypothesis: eGFR and albuminuria are associated with incident hypertension 
independently of each other and other potential 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 participants with data of serum creatinine and albuminuria at 
visit 4 (the only visit for which albuminuria data are available)  
Exclusions: 
-Ethnicity other than black or white 
-Individuals without data of serum creatinine or albuminuria 
-Prevalent hypertension cases 

Prevalent hypertension at visit 4 will be defined as systolic blood pressure (SBP) of 
≥140 mmHg, diastolic blood pressure (DBP) of ≥90 mmHg, a self-reported 



physician diagnosis of hypertension, or medical treatment for hypertension at any 
visits (visit 1 through visit 4). Sensitivity analyses will also exclude individuals with 
(SBP) ≥120 mmHg or DBP ≥80 mmHg at any of the previous visits. 

-Prevalent coronary heart disease (CHD) cases (treatment may affect blood 
pressure/kidney measures) 

Prevalent CHD at visit 4 will be defined as self-reported CHD at visit 4 or 
adjudicated incidence of CHD between visit 1 and visit 4.  

-Prevalent heart failure (HF) cases (treatment may affect blood pressure/kidney 
measures) 

Prevalent HF will be defined as the Gothenburg criteria stage 313, 14 at visit 4 or 
incident HF hospitalization between visit 1 and visit 4. 

 
Exposure:  
-eGFR 

eGFR will be calculated using the recently proposed CKD-EPI equation15 
incorporating data of serum creatinine concentration, age, gender, and race at visit 4 
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 C16 as well as more novel filtration markers (beta trace protein [BTP] and 
β2 microglobulin [B2M]) measured in the ARIC-CKD ancillary study.   

 -albuminuria 
As recommended in clinical guidelines,17 urine albumin-to-creatinine ratio (UACR) 
will be used as a measure of albuminuria. 

Outcome:  
-Incident hypertension:  

We will use self-reported diagnosed hypertension and self-reported medications for 
hypertension from annual follow-up phone calls after visit 4 with most recent data 
available.  We recognize the limitation of not having blood pressure measurements 
and hence missing undiagnosed hypertension but knowledge and diagnosis of 
hypertension, even among minority groups, is quite high.18 

Other variables of interest and covariates: 
Sociodemographics: age, race, gender, education, parental history of hypertension 
Physical information: blood pressure, body mass index, presence/absence of left 
ventricular hypertrophy by electrocardiogram and carotid atherosclerosis by ultrasound 
Lifestyle: smoking status and alcohol habit 
Comorbidities: diabetes, dyslipidemia 
Statistical Analysis Plan:  
The primary analysis will use Cox proportional hazards models to quantify the 
association of eGFR and UACR with incident hypertension. Both kidney measures will 
be treated as categorical (quartiles and clinical categories) and continuous variables with 
splines respectively in the models. We will adjust for the covariates listed above. We will 
repeat the analysis after stratifying the study sample by gender and race. We will test 
interaction between eGFR and UACR on incident hypertension. 
 We will conduct a few sensitivity analyses. Firstly, since the adjustment for baseline 
blood pressure may bias the associations,19 we will also analyze models without blood 
pressure variables at baseline. Secondly, since CHD or HF events during follow-up can 



act as competing endpoints, we will conduct the same analysis among participants who 
did not experience incident CHD or HF during follow-up. Thirdly, we will analyze a 
subpopulation who had normal blood pressure (<120/80 mmHg) at baseline (visit 4). 
Finally, by using eGFR data at visit 1 and incident hypertension by visit 4, which 
incorporates self-reported hypertension and blood pressure measurements, we will 
evaluate whether the association of eGFR with incident hypertension varies across 
definitions of incident hypertension (self reported vs. all hypertension including 
undiagnosed hypertension).  
Limitations:  
As with any observational study, we will not be able to rule out the possibility of residual 
confounding. There will be misclassification of incident hypertension by only using self-
reported hypertension. However, self-reported incident hypertension has been used in 
previous studies,8, 9 and we will also evaluate whether the inclusion of measured blood 
pressure would change the relative association of eGFR with hypertension using data 
from visit 1 to visit 4. We will also examine the consistency of self reported hypertension.  
A single measurement of UACR is an additional limitation. 
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The most related proposal is MP#1012 titled “Association between Cardiovascular Risk 
Factors and Albuminuria in the ARIC Study”, which focused on the influence of blood 
pressure on albuminuria (opposite direction of the current proposal).20 The corresponding 
author is also involved in the current proposal. Other related proposals are listed below. 
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