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Abstract

Rationale and Objective: The safety of intensive blood pressure (BP) targets is controversial 

for persons with chronic kidney disease (CKD). We studied the effects of hypertension treatment 

on cerebral perfusion and structure in those with and without CKD.

Study Design: Neuroimaging substudy of a randomized trial.

Setting & Participants: A subset of participants in the Systolic Blood Pressure Intervention 

Trial who underwent brain MRI studies. Presence of baseline CKD was assessed by estimated 

glomerular filtration rate (eGFR) and urine albumin to creatinine ratio (UACR).

Intervention: Participants were randomly assigned to intensive (systolic BP <120 mm Hg) 

versus standard (systolic BP <140 mm Hg) BP lowering.

Outcomes: The magnetic resonance imaging outcome measures were the four-year change in 

global cerebral blood flow, white matter lesion (WML) volume, and total brain volume.

Results: A total of 716 randomized participants with mean age of 68 years were enrolled; 

follow-up imaging occurred after a median 3.9 years. Among participants with eGFR <60 ml/min/

1.73m2 (N=234), the effects of intensive versus standard BP treatment on change in global 

cerebral blood flow, WMLs and total brain volume were 3.38 mL/100 g/min (95% CI 0.32, 

6.44), −0.06 cm3 (asinh transformed, 95% CI −0.16, 0.04), and −3.8 cm3 (95% CI −8.3, 0.7), 

respectively. Among participants with UACR >30 mg/g (N=151), the effects of intensive versus 

standard BP treatment on change in global cerebral blood flow, WMLs and total brain volume 

were 1.91 ml/100g/min (95% CI −3.01, 6.82), 0.003 cm3 (asinh transformed, 95% CI −0.13, 0.13), 

and −7.0 cm3 (95% CI −13.3, −0.3), respectively. The overall treatment effects on cerebral blood 
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flow and total brain volume were not modified by baseline eGFR or UACR; however the effect on 

WMLs was attenuated in participants with albuminuria (interaction p-value 0.04).

Limitations: Measurement variability due to multi-site design.

Conclusions: Among hypertensive adults with primarily early kidney disease, intensive versus 

standard blood pressure treatment did not appear to have a detrimental effect on brain perfusion 

or structure. The findings support the safety of intensive blood pressure treatment targets on brain 

health in persons with early kidney disease.

Funding: The Systolic Blood Pressure Intervention Trial was funded by the National Institutes of 

Health (including the National Heart, Lung, and Blood Institute, the National Institute of Diabetes 

and Digestive and Kidney Diseases, the National Institute on Aging, and the National Institute of 

Neurological Disorders and Stroke), and this substudy was funded by the National Institutes of 

Diabetes and Digestive and Kidney Diseases.

Trial Registration: SPRINT was registered at ClinicalTrials.gov with the study number 

NCT01206062.

Graphical Abstract

Plain Language Summary

The Systolic blood PRessure INtervention Trial (SPRINT) found that intensive versus standard 

blood pressure treatment reduced mortality, major cardiovascular events, mild cognitive 

impairment, and progression of brain white matter lesions, but the cognitive benefits were 

attenuated in persons with kidney disease. This analysis evaluated the effects of intensive versus 

standard blood pressure treatment on brain perfusion and structure in participants with kidney 

disease. Among hypertensive adults with primarily early kidney disease, intensive versus standard 

blood pressure treatment did not appear to have a detrimental effect on brain perfusion or 

structure. The findings support the safety of intensive blood pressure treatment targets on brain 

health in persons with early kidney disease.

Index words:

hypertension; blood pressure; chronic kidney disease; albuminuria; white matter lesions

Tamura et al. Page 3

Am J Kidney Dis. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://ClinicalTrials.gov/
https://clinicaltrials.gov/ct2/show/NCT01206062


Introduction

Chronic kidney disease (CKD), characterized by a reduction in glomerular filtration rate 

(GFR) or the presence of excess albumin in the urine, affects more than 25 million US 

adults.1 Persons with CKD are at 2- to 7-fold higher risk for stroke and dementia, with 

varying risk according to level of estimated GFR (eGFR) and albuminuria.2–5 Cerebral small 

vessel ischemic disease is highly prevalent in persons with CKD and considered a major 

contributor to stroke and dementia in this high risk population.6,7

Hypertension is also common in persons with CKD, and it is a modifiable risk factor for 

stroke, dementia and cerebral small vessel ischemic disease in the general population. CKD 

is associated with vascular stiffness, inflammation, and small vessel remodeling in several 

vascular beds;8 these factors could impair local regulation of blood flow and contribute 

to cerebral ischemia. Cohort studies have identified a J-shaped association between blood 

pressure (BP) and stroke risk in persons with CKD.9 Studies in persons with dialysis-

dependent CKD have demonstrated that BP instability is associated with white matter injury 

and cognitive impairment.10,11 These observations have prompted concerns about the safety 

of intensive BP treatment targets in the CKD population.

Randomized trials of BP treatment intensity have not provided conclusive evidence about 

stroke or cognitive end-points in CKD. The largest of these trials, the Systolic blood 

PRessure INtervention Trial (SPRINT), found that intensive versus standard BP treatment 

reduced mortality, major cardiovascular events, mild cognitive impairment, and progression 

of white matter lesions (WMLs), a marker of small vessel ischemic disease.12,13 Pre-

specified subgroup analyses in SPRINT found no evidence for effect modification of 

intensive BP lowering by baseline eGFR on the main cardiovascular outcomes. However, 

eGFR modified the effect of intensive treatment on mild cognitive impairment such that the 

benefit of intensive BP treatment was driven by participants with eGFR >60 ml/min/1.73m2, 

and attenuated among participants with reduced eGFR.14

Better understanding of the physiologic effects of the degree of BP lowering on cerebral 

perfusion and structure in hypertensive adults with CKD could inform treatment targets. 

Whereas both kidney markers have been independently associated with risk for stroke and 

dementia, albuminuria is more consistently associated with cerebral small vessel ischemic 

disease and reduced eGFR is more consistently associated with perfusion abnormalities. 

These observations suggest that the effects of BP treatment might differ for adults with CKD 

characterized by reduced eGFR versus albuminuria.

In this report, we characterize the effect of intensive treatment on global cerebral blood 

flow (CBF), WML volume, and total brain volume (TBV) according to eGFR and urine 

albumin to creatinine ratio (UACR) at study entry. Additionally, we assess the independent 

association between baseline eGFR and UACR with longitudinal changes in cerebral 

perfusion and structure.
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Methods

Study Participants

The trial design and primary outcomes of SPRINT have been reported (NCT01206062).15,16 

In brief, 9361 adult participants with hypertension and increased risk for cardiovascular 

disease were enrolled from 102 clinical sites between November 2010 and March 2013, and 

randomly assigned to a systolic BP target of <120 mm Hg or <140 mm Hg. Individuals were 

considered at increased risk for cardiovascular disease if they had an eGFR 20–59 ml/min/

1.73m2, a 10-year Framingham risk score ≥15%, were ≥75 years of age, or had evidence 

of clinical or subclinical cardiovascular disease. Major exclusion criteria included diabetes 

mellitus, proteinuria >1 g/day, polycystic kidney disease, prior stroke, symptomatic heart 

failure, and known left ventricular ejection fraction <35%. SPRINT participants accessible 

to one of seven designated MRI centers were screened for the Magnetic Resonance Imaging 

(MRI) substudy. In 2012, four centers were added to recruit additional participants with 

CKD for the MRI substudy.17 Exclusion criteria for the SPRINT MRI substudy included 

claustrophobia or an MR incompatible metal or electrical device implant. The study was 

approved by the institutional review board at all participating centers and all participants 

provided written informed consent. For these analyses, we used data from all participants 

who completed a baseline or follow-up MRI that passed quality control, and also had 

baseline eGFR or UACR measurements.

Markers of kidney disease and other measurements

At the baseline visit, participants completed questionnaires ascertaining age, sex, race/

ethnicity, education, medical history and health behaviors. Antihypertensive medications, 

including use of angiotensin converting enzyme inhibitors or angiotensin receptor blockers, 

were recorded at the baseline visit. Education was categorized as less than high school, high 

school diploma, post high-school, and college degree. History of cardiovascular disease was 

defined as self-report or clinical evidence of current or history of coronary artery disease or 

peripheral arterial disease.15 Smoking status was characterized as current, former, or never 

smokers; and alcohol use was characterized as non-drinker, light drinker, moderate drinker, 

or heavy drinker.

Serum creatinine as well as urine albumin and creatinine concentrations were measured 

at the central study laboratory using blood and random urine samples collected at the 

baseline visit. Serum creatinine was measured with a method traceable to isotope dilution 

mass spectrometry. Urine creatinine was measured with the Siemens ProSpec nephelometric 

analyzer. Hematocrit was measured at the central study laboratory using blood samples 

collected at the study close-out visit. Estimated GFR was calculated using the Modification 

of Diet in Renal Disease (MDRD) 4-variable equation,18 and categorized as ≥60 ml/min/

1.73m2 or <60 ml/min/1.73m2.19 The UACR was calculated from a spot urine sample and 

categorized as <30 mg/g and ≥30 mg/g; the latter is hereafter referred to as albuminuria.20 

BP was measured at baseline and follow-up visits using standardized techniques.21 Visit BP 

was the mean of 3 recordings.
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MRI measurements

The MRI protocol has previously been reported.13,17 The primary outcome was change 

in WML volume. Change in CBF and TBV were secondary outcomes. The protocol 

specified that baseline MRIs should be performed within three months of randomization, 

and follow-up MRIs 48 months after randomization. Due to the early termination of the trial 

intervention, some participants received the follow-up MRI prior to the 48-month visit.

The standardized MRI protocol was performed on 3 Tesla scanners and included 

sagittal 3D FLAIR, T2-, and T1-weighted sequences with whole brain coverage, and a 

pseudocontinuous arterial spin labeling (pcASL) perfusion sequence.13,17 The scanners had 

identical field strength but were from three different manufacturers (Siemens, Phillips, 

General Electric). Similar MRI pulse sequences were run on all scanners, except for pcASL, 

for which two manufacturers (Siemens or Philips scanners in 10 centers) utilized a 2D 

sequence while one General Electric scanner utilized a 3D sequence. Each participating MRI 

center performed quarterly phantom scans to assess scanner stability and image distortion 

using phantoms. MRI scanner performance across the centers was stable over the duration of 

the study.

Image analysts were blinded to BP treatment group. Structural MRIs were first preprocessed 

by applying an automated pipeline for correcting inhomogeneity22 and extraction of 

intracranial brain tissue.23 Image analysis was based on the multi-atlas label fusion 

method to segment brain tissue into supratentorial gray matter and white matter, with 

the sum defining TBV.24 As reported, WMLs were identified from FLAIR images using 

a deep learning-based method.13,25 WML segmentations were inspected for quality by a 

neuroradiologist blinded to treatment group. Arterial spin labeling imaging was transformed 

into CBF following a consensus recommended approach.26 CBF processing included motion 

correction, CBF quantification and denoising based on a structural correlation with Robust 

Bayesian criteria.27,28 CBF maps with poor quality were excluded based on an automated 

quality evaluation index. The CBF maps were registered to the high resolution T1 images 

and then mean CBF in whole brain, gray matter and white matter were extracted for 

statistical analysis.

Statistical Analyses

Due to the skewed distribution of WML volumes, values were transformed by applying 

an inverse hyperbolic sine (asinh) to accommodate values of zero.29 Linear mixed models 

incorporating all baseline and follow-up imaging were used to estimate the change in each 

MRI outcome measure from baseline to follow-up and for comparison between the treatment 

groups, stratified by baseline eGFR and by baseline UACR. Interactions between treatment 

group and baseline kidney markers were assessed with a likelihood ratio test. The models 

included intracranial volume and days from randomization at the time of MRI acquisition 

as covariates, with MRI site and participant included as random effects. Because anemia is 

more common in persons with CKD and the quantification of CBF by arterial spin labeling 

may be affected by anemia,30 we assessed whether correction of CBF values for hematocrit 

affected between group comparisons. Correction for hematocrit did not materially affect 

between-group comparisons, therefore uncorrected CBF values are presented in the analysis 
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(Supplement Table S1). To facilitate interpretation and comparison of the effect sizes, in 

complementary analyses we also analyzed the outcomes as standardized z-scores.

We conducted several sensitivity analyses. First, we estimated GFR using the Chronic 

Kidney Disease Epidemiology equation instead of the MDRD equation.19 Second, we 

included participants whose baseline scan was performed between three and 12 months 

after randomization (N=26). We also evaluated the association of baseline eGFR and UACR 

with change in each MRI outcome measure, using linear mixed models with adjustments 

for treatment group, age, sex, race/ethnicity, history of cardiovascular disease, and smoking 

status. All analyses were performed using SAS version 9.4 (SAS, Cary, NC) and the R 

Statistical Computing Environment (http://www.r-project.org). All of the hypothesis tests 

were two-sided, and P values of less than 0.05 were considered to indicate statistical 

significance. Adjustments were not made for multiple comparisons.

Data Availability

Deidentified participant data will be available in the BioLinCC repository (https://

biolincc.nhlbi.nih.gov/studies/sprint).

Results

Participant Characteristics

A total of 718 participants completed a baseline or follow-up MRI that met quality 

control requirements, and of these, 716 had baseline eGFR and 690 had baseline UACR 

measurements (Figure 1). Participants who did not complete a follow-up scan included 88 

who were unwilling to participate, 32 who withdrew or were lost to follow-up, 32 who died, 

and 71 for other reasons. Participants who did not have a follow-up MRI had similar eGFR 

and higher UACR levels compared to those who did complete follow-up (Supplemental 

Table S2). Baseline characteristics of participants in the MRI substudy were well balanced 

by treatment arm (Table 1). There were 234 participants (32.8%) who had an eGFR <60 

ml/min/1.73m2 and 151 (22.0%) with albuminuria at baseline.

Through the end of the active intervention phase of the trial, the mean systolic BP among 

participants in the MRI substudy was 122.3 (SD=14.9) mm Hg in the intensive treatment 

group and 135.2 (SD=13.3) mm Hg in the standard treatment group. Achieved systolic 

BP during the intervention phase did not differ by eGFR in either treatment group or 

by UACR in the standard group (Supplement Figures S1–S2). In the intensive treatment 

group, however, systolic BP was 4.6 mm Hg higher in the subgroup with UACR ≥30 mg/g 

compared to those with UACR <30 mg/g. Following the termination of the trial intervention, 

participants transitioned to management of their BP by their primary care provider. During 

this transitional period, mean systolic BP increased in both treatment groups. The between 

group difference in systolic BP was sustained across eGFR and UACR strata. Follow-up 

MRIs were performed a median of 3.9 years (range 2.8–4.7 years) after randomization.

Tamura et al. Page 7

Am J Kidney Dis. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.r-project.org
https://biolincc.nhlbi.nih.gov/studies/sprint
https://biolincc.nhlbi.nih.gov/studies/sprint


Effect of BP intervention on MRI outcomes by baseline kidney markers

The effects of intensive treatment on global CBF, WML volume, and TBV were not 

modified by eGFR (Table 2 and Figure 2). Among participants with eGFR <60 ml/min/

1.73m2, intensive versus standard BP treatment resulted in an increase in global CBF (3.38 

ml/100 g/min, 95% CI 0.32, 6.44), attenuated progression of WMLs (−0.06 asinh cm3, 95% 

CI −0.16, 0.04), and a larger decrease in TBV (−3.8 cm3, 95% CI −8.3, 0.7). Expressed as 

z-scores, intensive versus standard BP treatment resulted in a difference of 0.32, −0.06, and 

−0.03 on global CBF, WML volume, and TBV, respectively, in the subgroup with eGFR <60 

ml/min/1.73m2 (Supplemental Figure 3). Among participants with albuminuria, intensive 

vs. standard treatment also resulted in a numerical increase in global CBF (1.91 ml/100 

g/min, 95% CI −3.01, 6.82) and a larger decrease in TBV (−7.0 cm3, 95% CI −13.3, −0.8) 

(Table 3 and Figure 2), corresponding to z-scores differences of 0.18 and −0.05, respectively 

(Supplemental Figure 3). The effects of intensive treatment on global CBF and TBV were 

not modified by baseline UACR; however UACR modified the effect of intensive treatment 

on WML volume (interaction p-value =0.04). Among participants with albuminuria, there 

was no difference in change in WML volume with intensive versus standard BP treatment, 

whereas in those without albuminuria, intensive versus standard BP treatment led to a 

significantly smaller increase in WML volume.

Baseline kidney markers and change in MRI outcomes

In models adjusted for BP treatment group, intracranial volume, age, sex, race, history of 

cardiovascular disease, smoking, MRI scanner, and the baseline MRI value, lower baseline 

eGFR was not significantly associated with longitudinal changes in global CBF, WML 

volume or TBV (Table 4). Similarly, albuminuria was not significantly associated with 

longitudinal changes in global CBF, WML volume or TBV.

Sensitivity Analyses

When we used the Chronic Kidney Disease Epidemiology equation to estimate GFR, the 

findings in the subgroup with reduced eGFR were similar for global CBF and TBV; 

however, effect modification on WML volume was present (p-value interaction 0.03). 

Specifically, among participants with eGFR <60 ml/min/1.73m2, there was no difference 

in change in WML volume with intensive versus standard BP treatment (−0.02, 95% CI 

−0.12, 0.09, Table S3). The findings were similar when participants who completed the 

baseline MRI outside the three month window were included in the analysis (Supplement 

Tables S4–S5)

Discussion

In a randomized trial of BP treatment intensity, intensive versus standard BP treatment 

resulted in an increase in global CBF and a decrease in TBV, with similar effects 

among those with reduced eGFR and those with albuminuria. The effect of intensive 

versus standard BP treatment on WML volume was diminished among individuals with 

albuminuria, and in sensitivity analyses, among those with reduced eGFR. After accounting 

for treatment group, center, and participant demographic and clinical characteristics, there 
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was no significant association between baseline values of either marker of kidney disease 

with longitudinal changes in global CBF, WML volume, or TBV.

The link between CKD and cerebrovascular disease is hypothesized to reflect similar 

anatomic and hemodynamic features of their vascular beds. The brain and kidney are 

high-flow low-resistance end-organs. Their small vessel beds are exposed to high pulsatile 

pressure, making them uniquely susceptible to fluctuations in upstream pressure and flow as 

well as conditions that impair endothelial function.8,31 Reduced eGFR and albuminuria have 

differential associations with stroke and cognitive impairment, as well as brain structure 

and perfusion. At the clinical level, reduced eGFR is principally associated with ischemic 

stroke and global cognitive impairment.2,32 In neuroimaging studies, reduced eGFR is 

associated with hemodynamic impairment and inconsistently associated with WMLs.17,33,34 

Albuminuria is associated with an increased risk for ischemic and hemorrhagic stroke, and 

more consistently associated with WMLs which are principally associated with executive 

dysfunction.35,36 These complementary kidney markers may thus reflect different aspects of 

systemic impairment in vascular function.

The effect size of intensive BP treatment on CBF in the albuminuria and reduced eGFR 

subgroups was equivalent to 0.18 to 0.32 SDs respectively, or a 10% increase, suggesting 

these effects could be clinically meaningful. In participants without either marker of kidney 

disease, an increase in CBF was accompanied by reduced progression of WML volume, 

a marker of small vessel ischemic disease. Persons with chronic hypertension are thought 

to have cerebrovascular autoregulation shifted to the right. The observed increase in CBF 

and absence of WML progression with intensive BP lowering suggest that cerebrovascular 

autoregulation also normalized. Intensive treatment had no effect on WML volume among 

participants with albuminuria and a diminished effect among participants with reduced 

eGFR; consequently, the significance of the increase in CBF in these subgroups is less 

clear. The relationship between global perfusion and tissue ischemia is complex. In addition 

to blood flow, tissue ischemia depends on metabolic demand, development of collateral 

circulation, and arterial oxygen content.

The lack of effect on WML volume may be a chance finding, as the interaction p-values 

were not corrected for multiple comparisons and dependent on the method used to estimate 

GFR. However, this result is consistent with the lack of benefit of intensive treatment on 

cognitive impairment in the subgroup of participants with reduced eGFR.14 This result could 

also reflect diminished BP separation between the intensive and standard treatment arms 

in the albuminuria subgroup. Intensive treatment also resulted in a statistically significant 

larger decrease in TBV; however, the effect size was small, equivalent to 0.05 SDs, and 

may not be clinically meaningful. Importantly, we found no evidence that intensive BP 

treatment resulted in a decrease in cerebral perfusion or an increase in WML volume among 

participants with reduced eGFR or albuminuria, the primary hypothesized detrimental 

effects of intensive BP treatment.

Our findings inform the debate about the safety of intensive BP treatment in persons 

with CKD. In persons with dialysis-dependent CKD, intra-dialytic hemodynamic instability 

is associated with white matter injury and cognitive impairment.10,37 MacEwen et al 
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demonstrated wide variation in autoregulatory thresholds in this population, and that 

autoregulation is absent in a significant fraction of patients. The implication is that it is 

not possible to predict safe BP treatment levels for individual patients. This heterogeneity 

in autoregulatory thresholds may be reflected in the wider range of CBF values among 

participants in SPRINT with versus without CKD.

Hemodialysis induced cerebral ischemia is an extreme example of hemodynamically 

mediated cognitive impairment. Pharmacologic BP lowering may differ from hemodialysis 

treatment in the intensity, frequency and variability of BP lowering that can provoke 

cerebral ischemia. In addition, compared to persons with primarily mild or moderate 

CKD in SPRINT, persons with dialysis-dependent CKD may have more pronounced 

vascular stiffness and remodeling, making them more vulnerable to end-organ ischemia 

with hypotensive episodes. SPRINT had relatively few participants with eGFR <45 ml/min/

1.73m2 or albuminuria >300 mg/g; thus we cannot exclude the possibility that intensive BP 

treatment may have different effects on cerebral perfusion and structure in more advanced 

CKD.

There was no association between either kidney marker and longitudinal changes in cerebral 

perfusion and structure after controlling for treatment group and other confounders. This 

observation is consistent with the concept that kidney disease markers reflect impairments 

in systemic vascular function. Accordingly, control of traditional vascular risk factors such 

as hypertension may be most important for stroke and dementia risk reduction in this 

population. Compared to participants with preserved eGFR, there was a decrease in global 

CBF over time among participants with baseline eGFR <45 ml/min/1.73m2, and similar 

findings for albuminuria, but these differences were not statistically significant. Thus, we 

cannot rule out the possibility that there are independent contributions of CKD on cerebral 

perfusion that we were underpowered to detect.

This study has several additional limitations. First, the MRI substudy sample was less than 

10% of SPRINT participants and may not be representative of the overall trial population. 

Second, the MRI completion rate was lower than expected. Third, the use of multiple MRI 

scanners due to the multi-site design likely increased measurement variability. These factors 

may have biased our findings towards the null. Finally, our study was designed to address 

longer-term changes in cerebral perfusion and structure and did not capture short-term 

changes that might have occurred during BP treatment intensification; though significant 

short-term reductions in CBF might have been expected to increase WML volumes.

In summary, among hypertensive adults, intensive versus standard BP treatment increased 

global CBF and led to a small decrease in TBV; these effects were similar in participants 

with primarily mild to moderate CKD. There was no evidence that intensive treatment 

accelerated the accumulation of WMLs. The results support the safety of more intensive BP 

treatment targets on brain health in the high risk CKD population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flowchart for inclusion of participants
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Figure 2. 
Effect of intensive versus standard BP treatment on change in cerebral blood flow (Panel 

A), white matter lesion volume (Panel B), and total brain volume (Panel C), by baseline 

estimated glomerular filtration rate and urine albumin to creatinine ratio. Note: Units are 

expressed as ml/100 g/min for cerebral blood flow, asinh (cm3) for white matter lesion 

volume, and cm3 for total brain volume.
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Table 1.

Baseline characteristics of trial participants by treatment arm

Characteristic Intensive Treatment
(N=380)

Standard Treatment
(N=336)

p-value

Age 68.3 (8.5) 67.5 (8.7) 0.2

Female Sex 160 (42.1%) 123 (36.6%) 0.2

Race 0.4

 White 239 (62.9%) 208 (61.9%)

 Black 120 (31.6%) 100 (29.8%)

 Hispanic 14 (3.7%) 22 (6.6%)

 Other 7 (1.8%) 6 (1.8%)

Education 0.8

 < high school 26 (6.8%) 27 (8.0%)

 High school diploma 58 (15.3%) 45 (13.4%)

 Post high school 134 (35.3%) 119 (35.4%)

 College degree 162 (42.6%) 145 (43.2%)

Smoking 0.5

Never 165 (43.4%) 160 (47.6%)

Former 167 (44.0%) 138 (41.1%)

Current 48 (12.6%) 38 (11.3%)

Alcohol 0.1

 Non-drinker 146 (40.7%) 141 (44.9%)

 Light Drinker 92 (25.6%) 71 (22.6%)

 Moderate Drinker 84 (23.4%) 57 (18.2%)

Heavy Drinker 37 (10.3%) 45 (14.3%)

History of CVD 52 (13.7%) 49 (14.6%) 0.7

ACE Inhibitor/ARB 229 (60.3%) 186 (55.4%) 0.2

Systolic BP, mm Hg 138.6 (17.5) 138.0 (15.3) 0.5

Diastolic BP, mm Hg 77.2 (11.1) 78.2 (12.1) 0.3

eGFR, ml/min/1.73m2 70.1 (20.6) 70.8 (21.6) 0.7

UACR, mg/g 9.7 (5.4, 25.9) 10.2 (5.8, 22.3) 0.7

Hematocrit* 41.0 (3.9) 41.6 (4.5) 0.1

Results are presented as N and (%), mean (standard deviation), or median (interquartile range). P-values based on Chi-square or t-test with the 
exception of urine albumin to creatinine ratio which is based on Wilcoxon rank sum test

*
Measured at follow-up visit.
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Abbreviations: GFR – glomerular filtration rate, CVD – cardiovascular disease, ACE – angiotensin converting enzyme, ARB – angiotensin receptor 
blocker, BP – blood pressure, UACR – urine albumin to creatinine ratio
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