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Abstract

Rationale & Objective: The relationship between hypertension, antihypertension medication 

use, and change in glomerular filtration rate (GFR) over time among individuals with preserved 

GFR requires investigation.

Study Design: Observational study.

Setting & Participants: 14,854 participants from the Atherosclerosis Risk in Communities 

(ARIC) Study.

Predictors: Baseline hypertension status (1987–1989) was categorized according to the 2017 

American College of Cardiology/American Heart Association Clinical Practice Guideline as 

normal blood pressure, elevated blood pressure, stage 1 hypertension, stage 2 hypertension without 

medication, or stage 2 hypertension with medication.

Outcomes: Slope of estimated GFR (eGFR) at 5 study visits over 30 years.

Address for Correspondence: Morgan E. Grams, MD, PhD, Welch Center for Prevention, Epidemiology, and Clinical Research, 
2024 E Monument, Rm 2-638, Baltimore, MD 21205. mgrams2@jhmi.edu.
*Z.Y. and C.M.R. contributed equally to this work.
Authors’ Contributions: Research idea and study design: ZY, CMR, KM, JC, MEG; data acquisition: JC; data analysis/
interpretation: ZY, CMR, EW, YC, KM, JC, MEG; statistical analysis: ZY, EW, YC; supervision or mentorship: KM, JC, MEG. Each 
author contributed important intellectual content during manuscript drafting or revision and accepts accountability for the overall work 
by ensuring that questions pertaining to the accuracy or integrity of any portion of the work are appropriately investigated and 
resolved.

Financial Disclosure: The authors declare that they have no other relevant financial interests.

Disclaimer: Some of the data reported here have been supplied by the USRDS. The interpretation and reporting of these data are the 
responsibility of the authors and in no way should be seen as official policy or interpretation of the US government.

Peer Review: Received August 27, 2018. Evaluated by 2 external peer reviewers and a statistician, with direct editorial input from an 
Associate Editor, who served as Acting Editor-in-Chief. Accepted in revised form February 12, 2019. The involvement of an Acting 
Editor-in-Chief was to comply with AJKD’s procedures for potential conflicts of interest for editors, described in the Information for 
Authors & Journal Policies.

HHS Public Access
Author manuscript
Am J Kidney Dis. Author manuscript; available in PMC 2020 September 01.

Published in final edited form as:
Am J Kidney Dis. 2019 September ; 74(3): 310–319. doi:10.1053/j.ajkd.2019.02.015.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Analytical Approach: Mixed models with random intercepts and random slopes were fit to 

evaluate the association between baseline hypertension status and slope of eGFR.

Results: At baseline, 13.2%, 7.3%, and 19.4% of whites and 15.8%, 14.9%, and 39.9% of 

African Americans had stage 1 hypertension, stage 2 hypertension without medication, and stage 2 

hypertension with medication. Compared with those with normal blood pressure, the annual eGFR 

decline was greater in people with higher blood pressure (whites: elevated blood pressure, −0.11 

mL/min/1.73 m2; stage 1 hypertension, −0.15 mL/min/1.73 m2; stage 2 hypertension without 

medication, −0.36 mL/min/1.73m2; stage 2 hypertension with medication, −0.17 mL/min/1.73 m2; 

African Americans: elevated blood pressure, −0.21 mL/min/1.73 m2; stage 1 hypertension, −0.16 

mL/min/1.73 m2; stage 2 hypertension without medication, −0.50 mL/min/1.73 m2; stage 2 

hypertension with medication, −0.16 mL/min/1.73 m2). The 30-year predicted probabilities of 

developing chronic kidney disease stage G3a+ with normal blood pressure, elevated blood 

pressure, stage 1 hypertension, stage 2 hypertension without medication, or stage 2 hypertension 

with medication among whites were 54.4%, 61.6%, 64.7% 78.1%, and 70.9%, respectively, and 

55.4%, 62.8%, 60.9%, 76.1%, and 66.6% among African Americans.

Limitations: Slope estimated using a maximum of 5 eGFR assessments; differential loss to 

follow-up.

Conclusions: Compared to normotension, baseline hypertension status was associated with 

faster kidney function decline over 30-year follow-up in a general population cohort. This 

difference was attenuated among people using antihypertensive medications.

Hypertension ranks as the top risk factor for chronic disease worldwide.1 People with 

hypertension have increased risk for myocardial infarction, stroke, heart failure, and kidney 

failure.2 According to the 2017 American College of Cardiology/American Heart 

Association clinical practice guideline, the prevalence of hypertension among US adults was 

45.6%.3,4 Hypertension is a risk factor for kidney disease progression in individuals with 

chronic kidney disease (CKD),5,6 but few studies have addressed the relationship between 

hypertension and longitudinal change in glomerular filtration rate (GFR) in the general 

population.7 Furthermore, the extent to which hypertension precedes GFR decline or is 

simply a consequence of a lower GFR continues to be an area of controversy.8

African Americans have a substantially higher risk for hypertension than whites and, among 

those with hypertension, poorer hypertension control.9–12 There are also profound racial 

disparities in kidney disease, with African Americans being approximately 1.5 times more 

likely to develop advanced CKD and 3 times more likely to develop end-stage kidney 

disease (ESKD) compared with whites.13–16 Racial disparities may be explained in part by a 

greater burden of risk factors among African Americans, including higher prevalences of 

hypertension, diabetes mellitus, and the APOL1 genetic risk variant.17–20 However, it is also 

possible that the risk relationship between hypertension may be stronger in African 

Americans than whites, either due to heightened susceptibility to disease or poorer risk 

factor control.

The purpose of this study was to evaluate the association of hypertension and 

antihypertensive medication with trajectories of estimated GFR (eGFR) and to assess 

whether the risk for kidney outcomes associated with hypertension varied by race in a 
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community-based cohort of 14,854 white and African American adults during 30 years of 

follow-up.

Methods

Study Design and Study Population

The Atherosclerosis Risk in Communities (ARIC) Study is a prospective cohort designed to 

investigate the cause of atherosclerosis and its clinical consequences, as well as examine 

variability in disease risk according to characteristics of the study population.21 The ARIC 

Study enrolled 15,792 middle-aged (45–64 years old at baseline) predominantly white and 

African American men and women from 4 communities in the United States: Forsyth 

County, NC; Jackson, MS; suburbs of Minneapolis, MN; and Washington County, MD. The 

initial examination took place in 1987 to 1989 (baseline; study visit 1). Follow-up 

examinations occurred at approximately 3-year intervals: 1990 to 1992 (study visit 2), 1993 

to 1995 (study visit 3), 1996 to 1998 (study visit 4), more recently in 2011 to 2013 (study 

visit 5), and 2016 to 2017 (study visit 6). During each study visit, an extensive questionnaire 

was administered, a clinical examination was conducted, and blood and urine specimens 

were collected.

In the present study, participants were excluded if they had missing data for hypertension 

status at baseline, missing measurement of serum creatinine at baseline, eGFR < 60 mL/min/

1.73 m2 at baseline, prevalent ESKD, self-reported race other than white or African 

American, or missing covariates. After these exclusions, the analytic sample size was 14,854 

(94% of the original cohort). Study participants provided written documentation of informed 

consent and study protocols were approved by the institutional review board at each study 

site.

Assessment of Hypertension Status

Systolic (SBP) and diastolic blood pressure (DBP) were measured twice at visit 4 and 3 

times at other visits using a random-zero sphygmomanometer while seated after resting for 5 

minutes in a separate quiet room. Participants were requested to avoid vigorous physical 

activity, cigarette smoking, and consumption of food, caffeinated beverages, and alcohol for 

12 hours before the study visit. The appropriate cuff size was selected after measuring arm 

circumference. The first and second blood pressure values at visit 4 and second and third 

blood pressure values at other visits were averaged and used in the analysis.

Baseline hypertension status was categorized according to criteria in the 2017 American 

College of Cardiology/American Heart Association clinical practice guideline as normal 

blood pressure (SBP < 120 mm Hg and DBP < 80 mm Hg), elevated blood pressure (120 

mm Hg ≤ SBP < 130 mm Hg and DBP < 80 mm Hg), stage 1 hypertension (130 mm Hg ≤ 

SBP < 140 mm Hg or 80 mm Hg ≤ DBP < 90 mm Hg), stage 2 hypertension without 

medication (SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg), and stage 2 hypertension with 

medication (use of antihypertensive medication in the last 2 weeks).4
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Assessment of Kidney Function

Kidney function was assessed by measuring creatinine in serum or plasma specimens 

collected during each study visit, except for study visit 3. In our study, we used 5 eGFRs 

(visits 1, 2, 4, 5, and 6) for the estimation of trajectories. The modified kinetic Jaffe method 

was used for the measurement of creatinine with standardization to the National Institute of 

Standards and Technology (NIST) standard and calibration across study visits using repeated 

measurements from a sample of 200 ARIC Study participants.22–24 The CKD Epidemiology 

Collaboration (CKD-EPI) equation was used to calculate eGFR based on creatinine level.25 

For participants who developed incident ESKD (ascertained through linkage to the US Renal 

Data System [USRDS]), eGFR of 15 mL/min/1.73 m2 was imputed on the date of initiation 

of renal replacement therapy (transplantation or dialysis).

Assessment of Covariates

Demographic characteristics (date of birth for the calculation of age, sex, race, education, 

and family income), lifestyle factor (smoking), and medical history (diabetes and coronary 

heart disease) were ascertained using a questionnaire administered by trained interviewers at 

the baseline study visit. Study participants brought medications to the study visit and the 

names of all medications were transcribed, including antihypertensive medications. Body 

mass index was calculated using weight in kilograms divided by the square of height in 

meters measured during the study visit. Blood samples that were collected from study 

participants during the baseline study visit were assayed for the measurement of high-

density lipoprotein cholesterol using an enzymatic method after precipitation with dextran 

sulfate-magnesium and glucose using the modified hexokinase/glucose-6-phosphate 

dehydrogenase method.26 Diabetes was defined as fasting glucose level ≥ 126mg/dL, 

nonfasting glucose level ≥ 200 mg/dL, self-report of diagnosed diabetes, or use of diabetes 

medication in the past 2 weeks.

Statistical Analysis

Baseline characteristics of the study population were compared by hypertension status and 

racial group using descriptive statistics. Differences were tested using analysis of variance 

for continuous variables and χ2 tests for categorical variables.

Mixed models were used to evaluate the association between hypertension status at baseline 

(normal blood pressure/elevated blood pressure/stage 1 hypertension/stage 2 hypertension 

without medication/stage 2 hypertension with medication) and eGFR trajectories using 

random intercepts and random slopes to account for individual variations in eGFR at 

baseline and its change. Because the random slopes had higher variance among African 

Americans than whites, our models were conducted overall and after stratifying by race. 

Covariates included in the adjusted models were age (continuous), sex, body mass index 

(continuous), race-center (Minneapolis, MN, and Washington County, MD, where all 

participants were white; Jackson, MS, where all participants were African American; and 

Forsyth County, NC, which recruited both whites and African Americans, and was 

represented by 2 variables) or center only for race-stratified analysis, smoking (current/

former/never), family income (annual income ≥$25,000/<$25,000/not reported), education 

(high school graduated/not graduated), high-density lipoprotein cholesterol level 
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(continuous), diabetes (yes/no), and history of coronary heart disease (yes/no) at baseline. 

We tested for interaction by race by adjusting for race and center separately and including a 

3-way product term of hypertension category, race, and time.

We examined and plotted the patterns of eGFR change over time (ie, trajectories from best 

linear unbiased prediction estimates) and estimated the differences in annual eGFR decline 

according to hypertension status.27 Kernel density plots were used to illustrate the 

distribution of unadjusted and adjusted annual predicted change in eGFR. The average 

probability (absolute risk) of developing different stages of CKD (G3a+, eGFR < 60mL/min/ 

1.73 m2; G3b+, eGFR < 45 mL/min/1.73 m2; G4+, eGFR < 30 mL/min/1.73 m2) during 30 

years of follow-up was estimated for the baseline population based on the baseline 

covariates. These probabilities were expressed using best linear unbiased predictions from 

race-stratified models according to hypertension status.28

In sensitivity analysis, we examined the associations between blood pressure category at 

baseline (SBP < 130 mm Hg and DBP < 80 mm Hg; 130 mm Hg ≤ SBP < 140 mm Hg or 80 

mm Hg ≤ DBP < 90 mm Hg; SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg) and eGFR trajectory 

after adjusting for hypertension medication status at baseline (yes/no). We also examined the 

associations of interest after imputing eGFR at the time of initiation of renal replacement 

therapy using eGFR supplied on Centers for Medcare & Medicaid Services Form 2728 to 

test the robustness of our main results. All analyses were conducted using Stata statistical 

software, version 13 (StataCorp), and R, version 3.3.3 (R Development Core Team).

Results

Baseline Characteristics

Baseline characteristics of the 14,854 study participants (11,003 whites and 3,851 African 

Americans) according to hypertension status category and racial group are shown in Table 1. 

At baseline, 13.2%, 7.3%, and 19.4% of whites and 15.8%, 14.9%, and 39.9% of African 

Americans were categorized to stage 1 hypertension, stage 2 hypertension without 

medication, and stage 2 hypertension with medication. In both whites and African 

Americans, participants with hypertension and particularly those with stage 2 hypertension 

had higher body mass index (P < 0.001). Individuals with stage 2 hypertension were more 

likely to have diabetes and annual family income < $25,000 and less likely to be high school 

graduates (P < 0.001 for all comparisons). Individuals in the stage 2 hypertension with 

medication category were more likely to have a history of coronary heart disease (P < 

0.001). Although there was a statistically significant difference in baseline eGFR by 

hypertension status (P < 0.001), the absolute difference in eGFRs was relatively small.

Average eGFR Trajectories

There was a steady decline in eGFR over time among both whites and African-Americans in 

each of the 5 hypertension status categories (Fig 1). Compared with individuals without 

hypertension, slopes of the 30-year trajectory among participants with hypertension were 

steeper, representing faster eGFR declines. After adjusting for risk factors, the decline in 

eGFR among individuals in the stage 2 hypertension with medication category was similar 

Yu et al. Page 5

Am J Kidney Dis. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to that among those in the stage 1 hypertension category (differences in eGFR decline per 

year: elevated blood pressure, −0.12 mL/min/1.73 m2; stage 1 hypertension, −0.14 mL/min/

1.73 m2; stage 2 hypertension without medication, −0.39 mL/min/1.73 m2; stage 2 

hypertension with medication, −0.16 mL/min/1.73 m2).

Similar results were found when examining whites and African Americans separately 

(whites: elevated blood pressure, −0.11 mL/min/1.73 m2; stage 1 hypertension, −0.15 

mL/min/1.73 m2; stage 2 hypertension without medication, −0.36 mL/min/1.73 m2; stage 2 

hypertension with medication, −0.17 mL/min/1.73 m2; African Americans: elevated blood 

pressure, −0.21 mL/min/ 1.73m2; stage 1 hypertension, −0.16 mL/min/1.73 m2; stage 2 

hypertension without medication, −0.50 mL/min/ 1.73m2; stage 2 hypertension with 

medication, −0.16 mL/min/1.73 m2; Table 2). There was no interaction in the association 

between hypertension and eGFR decline with race except for the stage 2 hypertension with 

medication category (P for interaction = 0.01).

Variation in Annual Change in eGFR

Figure 2 shows the distribution of eGFR declines by blood pressure category. The 

unadjusted median annual eGFR changes of white and African American participants, 

respectively, were −1.32 (interquartile range [IQR], −1.51 to −1.11) and −1.79 (IQR, −2.07 

to −1.45) mL/min/1.73 m2 per year among those with normal blood pressure, −1.48 (IQR, 

−1.67 to −1.31) and −2.10 (IQR, −2.34 to −1.77) mL/min/1.73 m2 per year among those 

with elevated blood pressure, −1.47 (IQR, −1.66 to −1.26) and −2.00 (IQR, −2.28 to −1.62) 

mL/min/1.73 m2 per year among those with stage 1 hypertension, −1.71 (IQR, −1.93 to 

−1.51) and −2.39 (IQR, −2.64 to −1.94) mL/min/1.73 m2 per year among those with stage 2 

hypertension without medication, and-1.61 (IQR, −1.81 to −1.40) and −2.25 (IQR, −2.55 to 

−1.79) mL/min/1.73 m2 per year among those covariates. Compared with whites, African 

Americans had with stage 2 hypertension with medication. Overlap was similar differences 

by hypertension status but larger mean greater when eGFR trajectories were adjusted for 

baseline and variance of the annual eGFR decline.

Predicted Probability of CKD

The predicted probability of CKD of 30 years was generally higher among people with 

hypertension (Table 3). African Americans had a similar predicted risk for developing stage 

G3a+ but a greater predicted risk for developing stage G3b+ and G4+ CKD compared with 

whites. The average 30-year predicted probabilities of developing CKD stage G3a+ (eGFR < 

30 mL/min/1.73 m2) with normal blood pressure, elevated blood pressure, stage 1 

hypertension, stage 2 hypertension without medication, or stage 2 hypertension with 

medication were 54.4%, 61.6%, 64.7%, 78.1%, and 70.9%, respectively, among whites and 

55.4%, 62.8%, 60.9%, 76.1%, and 66.6%, respectively, among African Americans; those of 

stage G4+ were 7.0%, 9.0%, 10.1%, 15.8%, and 12.4% among whites and 22.3%, 26.0%, 

25.4%, 32.5%, and 27.5% among African Americans.

Sensitivity Analysis

Replacing hypertension stages with 2 separate variables, blood pressure categories and 

antihypertensive medication, showed similar results. In the total population, individuals with 
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higher blood pressures had significantly greater declines in eGFR during the 30 years of 

follow-up (120 ≤ SBP < 130 mm Hg and DBP < 80 mm Hg, −0.15 mL/min/1.73 m2 per 

year; 130 ≤ SBP < 140 mm Hg or 80 ≤ DBP < 90 mm Hg, −0.14 mL/min/1.73 m2 per year; 

SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg, −0.42 mL/min/1.73 m2 per year) compared with 

those with normal blood pressure (SBP < 120 mm Hg and DBP < 80 mm Hg), after 

adjusting for risk factors and hypertension medication status (Table S1). Results were 

similar when examining whites and African Americans separately. After accounting for 

blood pressure categories, hypertension medication was not associated with eGFR decline in 

the total population or in analyses stratified by race (P = 0.9 for overall, 0.4 among whites, 

and 0.2 among African Americans). When eGFR at the initiation of renal replacement 

therapy was imputed from the 2728 form rather than using a value of 15 mL/min/1.73 m2, 

results were nearly identical to those in the main analysis (Table S2).

Discussion

In this community-based population of 14,854 middle-aged adults, participants with 

hypertension at baseline experienced faster eGFR declines than those without hypertension 

during 30 years of follow-up. The risk for developing CKD was greater with hypertension, 

especially stage 2 hypertension, in both whites and African Americans. Although there was 

no difference by race in the association between hypertension and eGFR decline, African 

Americans had higher mean and dispersion in the rate of decline and risk for developing 

CKD stage G3b or worse, which translated into a greater absolute risk difference between 

those with and without hypertension.

The current study adds to the existing literature by demonstrating that hypertension is a risk 

factor for eGFR decline during 30 years of follow-up in a population with relatively 

preserved eGFR. We defined hypertension at baseline to definitively establish the temporal 

relationship between onset of hypertension and eGFR decline. Other studies suggest that this 

is a conservative approach.29

Previous work in the Chronic Renal Insufficiency Cohort (CRIC) Study evaluated baseline 

blood pressure as a predictor of eGFR decline,29 but this study included only participants 

with CKD.6 The Multi-Ethnic Study of Atherosclerosis (MESA) demonstrated that higher 

SBP and variable pulse pressure were significantly associated with cystatin C—based eGFR 

(eGFRcys) decline in participants who attended a 5-and 10-year visit.30 High blood pressure 

was also an independent predictor of age-adjusted annual eGFR decline over 10 years 

among Italian individuals with preserved eGFR and type 2 diabetes.31

Our study demonstrates the variability in slope by hypertension and race among middle-aged 

men and women with preserved eGFR, finding that eGFR decline is more variable among 

African Americans than whites. The higher variability in eGFR decline among African 

Americans resulted in a disproportionately greater probability of the development of 

advanced CKD despite relatively small differences in annual eGFR decline. Greater 

variability in quality of medical care or control of risk factors among African Americans 

may play a role in the greater hetero-geneity of disease progression.32,33
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Our finding that African Americans had a similar probability of early-stage CKD compared 

with whites but greater probability of late-stage CKD is consistent with previous studies that 

found significantly faster kidney disease progression in African Americans compared with 

whites.34 Previous prediction models developed among populations of healthy individuals 

also showed higher risk for developing ESKD for African Americans.35 The difference may 

be attributable to both biological differences and treatment barriers.20,36,37 In particular, 

genetic variants of the apolipoprotein L1 gene (APOL1) have been associated with worse 

kidney outcomes, and carriers of these variants are overwhelmingly of African descent.20,38

The mechanism underlying the association between hypertension and eGFR decline is not 

fully understood, but may be due in part to higher intraglomerular pressure and progressive 

arteriosclerosis.39,40 However, low GFR may also increase blood pressure due to 

impairments in salt and water excretion. For this reason, we evaluated blood pressure only at 

visit 1 to maintain strict temporality. Others have shown that time-updated blood pressure is 

more strongly associated with kidney disease risk, which may be due in part to this 

bidirectional association.6

There are several strengths to this study. The ARIC Study is a large prospective cohort with 

30 years of follow-up and representation from 4 US communities with both whites and 

African Americans. The long duration of the study allows for the characterization of eGFR 

decline in a population that was generally healthy at the outset. Multiple established risk 

factors were collected in a research protocolized manner.

There are also several study limitations to acknowledge. There were only up to 5 eGFRs for 

the estimation of long-term trajectories. That said, there are few longitudinal population-

based cohorts that have had more frequent eGFR assessments over 30 years. Participants 

may be healthier than the general population, and antihypertensive medication use was self-

reported, which may have introduced some misclassification. Hypertension treatment 

practice has changed over time, and we used baseline rather than time-varying hypertension 

status. This approach was chosen to reflect a clear temporal relationship between 

hypertension and subsequent eGFR decline and reduce the possibility of introducing time-

varying confounding. Participants who develop ESKD are less likely to survive to attend 

subsequent study visits; we included an estimate of their trajectory by imputing eGFR at the 

time of ESKD onset as identified through linkage to the USRDS registry. There is the 

potential for differential loss to follow-up by baseline hypertension status. Our analysis did 

not attempt to capture acute kidney injury occurring during follow-up, precluding inferences 

about the impact of acute kidney injury on eGFR decline. For blood pressure measurement, 

we characterized hypertension based on 2 measurements at the same occasion rather than 2 

or more occasions as stipulated by the 2017 American College of Cardiology/American 

Heart Association clinical practice guideline. Also, blood pressure was measured using a 

random-zero sphygmomanometer. Last, because ARIC only included whites and African 

Americans, our results are not applicable to other ethnic groups.

In summary, hypertension status is an important risk factor for future eGFR decline and the 

development of kidney disease in community-dwelling white and African American adults. 

Our study highlights the potential importance of preventing and treating hypertension as a 
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strategy to preserve eGFR. Population-level efforts to lower blood pressure may help reduce 

the onset of kidney disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Distribution of estimated glomerular filtration rates (eGFRs; mL/min/1.73 m2) and 

unadjusted and adjusted eGFR change during 30 years’ follow-up according to baseline 

hypertension (HTN) status. Unadjusted eGFR change among (A) whites and (B) African 

Americans and adjusted eGFR change among (C) whites and (D) African Americans. For 

adjusted eGFR changes, model adjusted for age (centered at 50 years old), sex (reference 

group: male), center (reference group: Forsyth County, NC), baseline smoking status 

(reference group: current smoker), baseline education level (reference group: non-high 

Yu et al. Page 12

Am J Kidney Dis. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



school graduate), baseline annual family income (reference group: <$25,000), baseline body 

mass index (centered at 25 kg/m2), baseline high-density lipoprotein cholesterol level 

(centered at 40 mg/dL), baseline history of diabetes (reference group: no diabetes), baseline 

history of coronary heart disease (reference group: no coronary heart disease), and their 

interaction with follow-up time. For adjusted predicted average annual changes among 

African Americans, African Americans in the Minnesota and Washington County cohorts 

were excluded in the adjusted model because of small numbers. Numbers of participants at 

each visit are: visit 1: whites, n = 11,003; African Americans, n = 3,851; visit 2: whites, n = 

10,297 (93.6% of the original cohort); African Americans, n = 3,224 (83.7% of the original 

cohort); visit 4: whites, n = 8,616 (78.3%); African Americans, n = 2,373 (61.6%); visit 5: 

whites, n = 4,758 (43.2%); African Americans, n = 1,375 (35.7%); visit 6: whites, n = 2,995 

(27.2%); African Americans, n = 1,013 (26.3%). Total number of eGFR assessments was 

49,502, and the median of eGFR assessments was 3 (IQR, 3–4). Abbreviations: BP, blood 

pressure; MED, medication.
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Figure 2. 
Distribution of predicted average annual change in estimated glomerular filtration rate 

(eGFR; mL/min/1.73 m2) within the Atherosclerosis Risk in Communities (ARIC) Study 

population using baseline covariates according to baseline hypertension (HTN) status. 

Unadjusted predicted average annual change among (A) whites and (B) African Americans 

and adjusted predicted average annual change among (C) whites and (D) African 

Americans. For adjusted predicted average annual changes, slopes were estimated from a 

mixed model adjusted for age (centered at 50 years old), sex (reference group: male), center 
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(reference group: Forsyth County, NC), baseline smoking status (reference group: current 

smoker), baseline education level (reference group: non–high school graduate), baseline 

annual family income (reference group: <$25,000), baseline body mass index (centered at 25 

kg/m2), baseline high-density lipoprotein cholesterol level (centered at 40 mg/dL), baseline 

history of diabetes (reference group: no diabetes), baseline history of coronary heart disease 

(reference group: no coronary heart disease), and their interaction with follow-up time. For 

adjusted predicted average annual changes among African Americans, African Americans in 

the Minnesota and Washington County cohorts were excluded in the adjusted model because 

of small numbers. Abbreviations: BP, blood pressure; MED, medication.
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Table 3.

Average Predicted Probability of Developing CKD Over 30 Years Follow-up According to Hypertension 

Status Among Participants Based on Baseline Covariates

White African American
a

CKD
Stage

Normal
BP

Elevated
BP

Stage 1
HTN

Stage 2 
HTN
w/o MED

Stage 2 
HTN
w/ MED

Normal
BP

Elevated
BP

Stage 1
HTN

Stage 2 HTN
w/o MED

Stage 2 HTN
w/ MED

G3a+
b 54.4 61.6 64.7 78.1 70.9 55.4 62.8 60.9 76.1 66.6

G3b+
c 22.5 27.8 30.0 41.8 35.0 35.2 41.6 40.1 52.4 44.5

G4+
d   7.0   9.0 10.1 15.8 12.4 22.3 26.0 25.4 32.5 27.5

Abbreviations: BP, blood pressure; CKD, chronic kidney disease; HTN, hypertension; MED, medication.

a
African Americans in the Minnesota and Washington County cohorts were excluded in the adjusted model because of small numbers.

b
eGFR < 60 mL/min/1.73 m2.

c
eGFR < 45 mL/min/1.73 m2.

d
eGFR < 30 mL/min/1.73 m2.
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