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3. Timeline: 

 

Analyses will begin once the manuscript proposal is approved and will result in 2 

manuscripts by December 2015, as part of doctoral research in the Department of 

Epidemiology, Gillings School of Global Public Health, UNC at Chapel Hill.  

 

4. Rationale:  

 

Chronic kidney disease (CKD), typically resulting from the gradual loss of kidney 

function, affects an estimated 26 million or 13% (1999-2004) of US adults and results in 

approximately 117,000 incident cases of end stage renal disease (ESRD) annually 

(2009).
1, 2

 Despite increased screening and emphasis on management of CKD, only 50% 

to 60% of patients who progress to requiring dialysis are alive 3 years after ESRD 

diagnosis, and dialysis patients experience adjusted all-cause mortality rates that are 6.5 

to 7.9 times greater than those observed in the general population.
3
  Considering the rates 

of hospitalizations, health care costs, disability, and increased risk of all-cause mortality 

associated with kidney disease
4-8

 the potential benefit of modifying risk factors associated 

with kidney disease presents a valuable opportunity for intervention and prevention.   

Modifiable risk factors, such as diabetes and elevated blood pressure, that 

accelerate declines in renal function reportedly account for over 70% of CKD and ESRD 

cases.
7
  Approximately 37% and 19% of ESRD cases in African Americans and 

Caucasians, respectively, are attributed to high blood pressure.
9
  Even blood pressure 

levels that are considered “high-normal” (defined as systolic blood pressure between 130 

and139 mm Hg or diastolic 85 to 89 mm Hg) are associated with a 3-fold greater risk of 

future development of ESRD.
10, 11

  While lifestyle modifications as well as 

pharmacological therapies are established as effective methods of decreasing blood 

pressure;
12-20

 the predicted effects of blood pressure reductions on kidney disease have 

not, to our knowledge, been quantified.  The proposed manuscript proposal based on 

doctoral research will estimate and compare the effects of population wide blood pressure 

reductions achieved through lifestyle interventions, to the improvement in the 

management of clinically defined hypertension achieved through lifestyle and/or 

pharmacological interventions, assessing their impact on the population burden of CKD 

and ESRD. 

 

5. Main Hypothesis/Study Questions: 

 

Impact of reducing blood pressure on the incidence of CKD and ESRD 

 

- Specific Aim #1: Characterize the potential effectiveness on the population burden of 

CKD, CKD progression, and ESRD of interventions that reduce blood pressure by 

contrasting life-style based, population-wide interventions with interventions that 

implement current clinical guidelines for blood pressure lowering among individuals with 

hypertension. 



 

Sub Aim 1.1:  Based on results from published randomized trials and observational 

studies on the impact of interventions to reduce weight, increase physical activity, 

and reduce sodium intake on reducing blood pressure, estimate reductions in incident 

CKD and ESRD associated with decreases in blood pressure by gender, race, and 

diabetic status,
21, 22

 in a population-based, bi-racial sample of middle-aged men and 

women (n= 15,792) from the Atherosclerosis Risk in Communities (ARIC) study. 

 

 

Sub Aim 1.2: Among the population with clinical hypertension, estimate the 

benefits of implementing the lifestyle and antihypertensive therapy management 

guidelines promoted by the 2014 guidelines for the management of high blood 

pressure (‘JNC 8’) 
23

 on incident CKD and ESRD by gender, race, and diabetic 

status, in the ARIC cohort.   

 

Impact of reducing blood pressure on disability attributed to CKD and ESRD 

 

- Specific Aim #2:  Characterize the potential benefits on disability attributed to CKD 

and ESRD, quantified as disability-adjusted life years (DALYS), contrasting  

interventions that reduce blood pressure by life-style based, population-wide 

interventions with interventions that implement current clinical guidelines for blood 

pressure lowering among individuals with hypertension.  

 

Sub Aim 2.1:  Calculate the burden years of life lost (YLL) due to premature 

mortality, years of lost due to disability (YLD), and DALYS for CKD and ESRD
24

 

attributable to blood pressure reductions due to the impact of interventions that 

reduce weight, increase physical activity, and reduce sodium intake.   

Sub Aim 2.2: Among the population with clinically defined hypertension, estimate 

the benefits of initiating antihypertensive therapy and recommendations from the 

lifestyle management guidelines on DALYS due to CKD and ESRD by gender, race, 

and diabetic status groups.   

 

 

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). 

 

Exclusions: Participants with prevalent CKD at baseline will be excluded (i.e. those 

with an estimated glomerular filtration rate (eGFR) of <60 mL/minute/1.73 m
2
 at visit 1 

assessed by CKD-EPI equation).  We will also exclude participants with self-reported 

race other than Caucasian or African American. 

 
Outcome definition:  Incident CKD will be defined by an eGFR lower than 60 

mL/minute/1.73m
2
, death or hospitalization with CKD identified by ICD-9 

discharge code 585.X in any position, using samples collected at ARIC visits 1, 2, 4 



 

and 5. Incident kidney failure will be defined by United States Renal Data System 

(USRDS) registry data linkage indicating ESRD treatment, death or hospitalization 

with kidney failure identified by discharge or eGFR <15 mL/minute/1.73m
2 

at 

follow up visit.  Kidney function decline will be measured by annual eGFR slope. 

Follow-up time for each event begins on the date of the baseline examination.  

 
Main exposures:  Seated blood pressure was measured during each examination.  Three 

measurements were taken after a five-minute rest using a random-zero 

sphygmomanometer; the mean of the second and third readings will be used for analysis.  

For participant with age ≥ 60 years, hypertension will be defined as having a systolic 

blood pressure (SBP) ≥150 mm Hg or a diastolic blood pressure (DBP) ≥ 90 mm Hg.  For 

those participants age <60 or with diabetes, hypertension will be defined as systolic blood 

pressure ≥140 mm Hg or a diastolic blood pressure (DBP) ≥ 90 mm Hg.
23

   

 
Covariates: Age, gender, race, diabetes mellitus, fasting glucose, medication use, 

anthropometric measures, baseline eGFR, CHD, and smoking. 

 

 

STATISTICAL METHODS    
 

Since our research questions address the impact of well-defined hypothetical 
interventions on disease risk, in the presence of time varying confounding, we will use 
the parametric g-formula.

25
  The parametric g-formula is more efficient than semi-

parametric methods,
26

 more flexible than other g-methods and yields stable causal 
estimates.

25
  The parametric g-formula will be used to estimate the race, sex, and diabetic 

specific 1-year change in risk of CKD and ESRD given that the interventions selected to 
reduce blood pressure (or participants with unaware, untreated or uncontrolled 
hypertension) were hypothetically initiated in the entire population at the beginning of 
follow-up.  The g-formula noted below

25
 allows us to compare the estimated risk of CKD 

and ESRD under the selected interventions compared to the estimated risk of CKD and 
ESRD under no interventions.   
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Where k=1,……,21 represents each 1 year interval of follow up starting at baseline 

 Zk: is the vector of intervention values of the risk factors Zk at time k 

 Z*K: is the vector of values that would be observed without time k intervention 

 V: the vector of time-independent baseline covariates 

 Dk+1=1: is the event that CKD or ESRD is diagnosed between exams k and k+1 

 Dk=0: the event that a participant remains CKD or ESRD free through year k 

 Ck=0:  the event that a participant remains uncensored through year k 

 Nk=0: the event that a subject has not died from other causes through year k 



 

To estimate the change in risk associated with interventions that reduce blood pressure 
we will first fit logistic regression models for each model component and confounders of 
the blood pressure/hypertension and CKD and ESRD association using measurements 
from each relevant ARIC visit.   Next, the standardized cumulative risk or weighted 
average of CKD and ESRD conditional on confounder history and the selected 
interventions will be approximated from a Monte Carlo simulation.  This simulation will 
assign the sampled baseline and time varying covariates as observed then estimate the 
distribution of covariates to build follow up data at assigned time points from the 
regression models fitted from each component after setting values to those achieved by 
the hypothetical intervention.

27, 28
  The predicted probability of CKD and ESRD is then 

estimated based on the intervened on covariates for the pseudo-participants.  
Bootstrapping will be used to estimate 95% confidence intervals for the estimates.   

  
Subsequently, we will characterize the potential benefits on disability attributed to CKD 

and ESRD, quantified as disability-adjusted life years (DALYS), from interventions that 

reduce blood pressure by contrasting life-style based population-wide interventions with 

interventions that implement current clinical guidelines for blood pressure lowering 

among individuals with hypertension. We will calculate population risk difference, risk 

ratio, and attributable risk comparing the risk of CKD and ESRD under the selected 

intervention to reduce weight, increase physical activity, and reduce sodium intake (or 

antihypertensive use among those with hypertension) on the risk of CKD and ESRD 

under no intervention.  Using estimates of the population attributable fraction, DALYs 

will be calculated as the sum of YLL and YLD and then multiplied by the attributable 

fraction for blood pressure and blood pressure reductions.
24, 29

  This will allow us to 

compare DALYs for CKD and ESRD due to blood pressure before and after intervention.   
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