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Abstract

Background—Random assignment to the intensive systolic blood pressure (SBP) arm (<120 

mm Hg) in the Systolic Blood Pressure Intervention Trial (SPRINT) resulted in more rapid 

declines in estimated glomerular filtration rates (eGFRs) than in the standard arm (SBP < 140 mm 

Hg). Whether this change reflects hemodynamic effects or accelerated intrinsic kidney damage is 

unknown.

Study Design—Longitudinal subgroup analysis of clinical trial participants.

Settings & Participants—Random sample of SPRINT participants with prevalent chronic 

kidney disease (CKD) defined as eGFR < 60 mL/min/1.73 m2 by the CKD-EPI (CKD 

Epidemiology Collaboration) creatinine-cystatin C equation at baseline.

Outcomes & Measurements—Urine biomarkers of tubule function (β2-microglobulin [B2M], 

α1-microglobulin [A1M]), and uromodulin), injury (interleukin 18, kidney injury molecule 1, and 

neutrophil gelatinase-associated lipocalin), inflammation (monocyte chemoattractant protein 1), 

and repair (human cartilage glycoprotein 40) at baseline, year 1, and year 4. Biomarkers were 

indexed to urine creatinine concentration and changes between arms were evaluated using mixed-

effects linear models and an intention-to-treat approach.

Results—978 SPRINT participants (519 in the intensive and 459 in the standard arm) with 

prevalent CKD were included. Mean age was 72 ± 9 years and eGFR was 46.1 ± 9.4 mL/min/1.73 

m2 at baseline. Clinical characteristics, eGFR, urinary albumin-creatinine ratio, and all 8 

biomarker values were similar across arms at baseline. Compared to the standard arm, eGFR was 

lower by 2.9 and 3.3 mL/min/1.73 m2 in the intensive arm at year 1 and year 4. None of the 8 

tubule marker levels was higher in the intensive arm compared to the standard arm at year 1 or 

year 4. Two tubule function markers (B2M and A1M) were 29% (95% CI, 10%−43%) and 24% 

(95% CI, 10%−36%) lower at year 1 in the intensive versus standard arm, respectively.

Limitations—Exclusion of persons with diabetes, and few participants had advanced CKD.

Conclusions—Among participants with CKD in SPRINT, random assignment to the intensive 

SBP arm did not increase any levels of 8 urine biomarkers of tubule cell damage despite loss of 
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eGFR. These findings support the hypothesis that eGFR declines in the intensive arm of SPRINT 

predominantly reflect hemodynamic changes rather than intrinsic damage to kidney tubule cells.

Hypertension is common and a significant risk factor for cardiovascular disease (CVD).1–3 

A number of clinical trials and meta-analyses have demonstrated that treatment of 

hypertension lowers risk for CVD and all-cause mortality.4–6 However, the effects of blood 

pressure (BP) lowering on chronic kidney disease (CKD) progression are less clear7–10 

because treating to lower BP targets results in higher risk for acute kidney injury (AKI) and 

more rapid loss of estimated glomerular filtration rate (eGFR).8,11,12 The risks for both AKI 

and eGFR loss may be particularly concerning in patients with prevalent CKD because they 

have lower eGFRs at baseline and therefore may be least able to tolerate additional kidney 

insults. Balancing the risks and benefits, the appropriate BP target in patients with CKD 

remains an area of controversy.

Recently, SPRINT (Systolic Blood Pressure Intervention Trial) compared the effects of 

intensive BP lowering (systolic BP [SBP] target of <120 mm Hg) to standard BP control 

(SBP < 140 mm Hg) on risk for CVD events.13 SPRINT enrolled hypertensive individuals 

without diabetes or prior stroke, but with high CVD risk. Approximately 30% (n = 2,646) 

had CKD at baseline. SPRINT was terminated early at the recommendation of the data 

safety monitoring board due to substantial benefit for the primary CVD end point and lower 

mortality risk in patients randomly assigned to the intensive BP arm. Comparing subgroups 

with and without CKD at baseline, there was no evidence of heterogeneity for the CVD end 

point, and yet the intensive arm experienced more rapid loss of eGFR and higher risk for 

AKI.13,14 The effect of intensive BP lowering on eGFR was most pronounced during the 

first 6 months of treatment, which has led to speculation that the change may represent 

hemodynamic effects of more intensive BP lowering on eGFR rather than intrinsic kidney 

damage.14

During the past decade, several urinary biomarkers of kidney tubule function and injury have 

been identified.15 Although evaluated initially as diagnostic tests for AKI, subsequent 

studies have demonstrated that higher urine concentrations of these markers also predict 

more rapid loss of kidney function in community-living individuals without AKI.16,17 

Because abnormal levels of these biomarkers would suggest intrinsic kidney tubule cell 

injury and/or dysfunction, they provide an opportunity to assess the influence of intensive 

BP lowering on kidney health above and beyond eGFR loss. Therefore, we measured urinary 

biomarkers that reflect kidney tubule function, inflammation, injury, and repair in a subset of 

SPRINT participants with CKD at baseline. A priori, we hypothesized that the predominant 

cause for the greater change in eGFR in the intensive arm of SPRINT reflected 

hemodynamic changes and therefore examined changes in markers of kidney tubule health 

by treatment arm assignment.

Methods

Study Design

The trial design18 and results for the primary CVD end point13 of SPRINT have been 

reported previously. Briefly, SPRINT is an open-label clinical trial that randomly assigned 
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persons with SBP ≥ 130 mm Hg and high risk for CVD events to an SBP target of <120 mm 

Hg (“intensive”) versus <140 mm Hg (“standard”).18 Participants were recruited from 102 

centers in the United States and Puerto Rico. Inclusion criteria required age of 50 years and 

older, SBP of 130 to 180 mm Hg, and increased risk for CVD events (prior clinical or 

subclinical CVD other than stroke, 10-year risk for CVD ≥ 15% based on the Framingham 

risk score, CKD defined as eGFR of 20–59 mL/min/1.73 m2, or age ≥75 years). Major 

exclusion criteria included diabetes mellitus, proteinuria with protein excretion > 1 g/d, 

polycystic kidney disease, prior stroke or transient ischemic attack, symptomatic heart 

failure, or left ventricular ejection fraction < 35%. A total of 9,361 participants were 

enrolled between November 2010 and March 2013. All participants provided written 

informed consent. Institutional review boards of all participating institutions approved the 

study.

We measured serum cystatin C in all SPRINT participants and defined the subset with 

eGFRs < 60 mL/min/1.73 m2 using the CKD-EPI (CKD Epidemiology Collaboration) 

creatinine—cystatin C equation. From the 2,646 participants with baseline eGFRs < 60 

mL/min/1.73 m2, 1,000 individuals were selected using simple random sampling for 

participation in this study. Twenty-two individuals had unavailable urine specimens and 

were excluded from further analysis. Thus, the final analytic sample for this study included 

978 participants with CKD at baseline.

In SPRINT, participants were randomly assigned in a 1:1 ratio to the intensive or standard 

arm. Antihypertensive regimens were adjusted to maintain SBP according to the randomly 

assigned BP study groups.18 Participants attended visits monthly for the first 3 months and 

then every 3 months thereafter, and clinical and laboratory data were obtained at these visits. 

Venous blood and urine specimens were immediately processed, shipped overnight on ice 

packs, and stored at −80°C at the central laboratory for use in future studies. We have 

previously reported eGFR decline and changes in urinary albumin-creatinine ratio (ACR) in 

the CKD subgroup14 and showed that random assignment to the intensive group was 

associated with more rapid decline in eGFR and a decrease in urinary ACR relative to the 

standard group among participants with CKD.

Kidney Tubule Biomarker Measurements

Urinary specimens from the baseline, 12-month, and 48-month SPRINT visits were stored at 

−80°C until thawing for kidney tubule cell damage biomarker measurements. All specimens 

were thawed at once and measurements were completed en bloc to minimize any influence 

of analytic drift on longitudinal changes in biomarkers. We chose 8 distinct urinary markers 

because they reflect aspects of kidney tubule biology, including tubule function (β2-

microglobulin [B2M], α1-microglobulin [A1M], and uromodulin [UMOD]), injury 

(interleukin 18 [IL-18], kidney injury molecule 1 [KIM-1], and neutrophil gelatinase-

associated lipocalin [NGAL]), inflammation (monocyte chemoattractant protein 1 

[MCP-1]), and repair (human cartilage glycoprotein 39 [YKL-40]) and are known to be 

associated with CKD progression.19–24

B2M and A1M are low-molecular-weight proteins that are freely filtered at the glomerulus 

and then reabsorbed by the proximal tubule. We have previously demonstrated that higher 

Malhotra et al. Page 4

Am J Kidney Dis. Author manuscript; available in PMC 2020 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



levels of these proteins in urine are associated with kidney function decline among persons 

infected with human immunodeficiency virus (HIV).19 UMOD is a 95-kDa glycoprotein 

synthesized exclusively by kidney tubules. Studies have shown that higher UMOD levels are 

associated with kidney size and eGFR, and lower UMOD levels are independently 

associated with CKD progression.20 IL-18, KIM-1, and NGAL have been studied 

extensively as markers of tubular injury, with urine levels increasing by several-fold in 

response to ischemic or inflammatory kidney injury.21,22 MCP-1 is a chemokine that attracts 

macrophages to the site of injury, and we have shown strong associations of this marker with 

CKD progression in kidney transplant recipients.23 YKL-40 functions as a mediator of the 

reparative response to tubular injury.24 Taken together, the selected urinary markers measure 

the interlinked axes of inflammation, tubular injury and atrophy, and tubulointerstitial 

fibrosis, which are hallmarks of progressive CKD.

Urinary biomarkers were measured centrally at the Laboratory for Clinical Biochemistry 

Research at the University of Vermont. Most urinary biomarkers (all except A1M) were 

measured using multiplex assays on a MESO Scale Diagnostics (MSD) platform. Urinary 

YKL-40, IL-18, MCP-1, and KIM-1 measures were conducted together on a 4-plex assay. 

Analytic ranges were 10 to 500,000 ng/mL, 2 to 10,000 ng/mL, 3 to 10,000 pg/mL, and 4 to 

200,000 pg/mL for YKL-40, IL-18, MCP-1, and KIM-1, respectively. Interassay coefficients 

of variation (CVs) ranged across the analytic range from 6.5% to 11.1%, 4.9% to 13.7%, 

7.1% to 12.0%, and 6.1% to 13.0%, respectively. A second 3-plex MSD assay was used to 

measure urinary B2M, UMOD, and NGAL; for these, analytic ranges were 1.2 to 5,020 

ng/mL, 0.6 to 2,510 ng/mL, and 6 to 251,000 ng/mL, respectively, and interassay CVs were 

15% to 16%, 13% to 16%, and 11% to 19%. For urinary A1M, we used a Siemens 

nephelometric assay with a detectable range from 5 to 480 mg/L and interassay CVs ranging 

from 3.5% to 8.8% across the analytic range. Each marker was measured twice in each urine 

specimen and results were averaged to improve precision. Urine creatinine was measured 

using an enzymatic procedure (Roche), and urine albumin, using a nephelometric method 

(Siemens).14

Statistical Analysis

Descriptive statistics were computed and participant characteristics were compared across 

randomization arms at baseline using χ2 test for categorical variables and t test for 

continuous variables or Kruskal-Wallis test when warranted due to skewness. In instances in 

which urine biomarker levels were below the limit of assay detection, the value of the lower 

limit was imputed. Distributions of outcomes were evaluated for normality and log2 

transformations were used to correct urine biomarker levels for positive skewness. To make 

presentation of all results consistent, log2 transformation of eGFR was also used when 

modeling it as an outcome. Changes in outcomes over time between randomization arms 

were evaluated using mixed-effects linear models in a repeated-measures layout with 

unstructured 3 × 3 variance-covariance matrix to account for within-subject correlation 

among the 3 measured time points (baseline, 12 months, and 48 months). All analyses were 

performed using the intention-to-treat approach. Exploratory analyses of urinary biomarkers 

demonstrated that model fit was best when terms adjusting for linear and quadratic urine 

creatinine concentration were included. Thus, all models for those outcomes (with the 
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exception of ACR) included both linear and quadratic terms for logarithmically transformed 

(base 2) urine creatinine as time-varying covariates to account for differences in urine 

tonicity. Time (baseline, month 12, or month 48 follow-up) was treated as a class effect in all 

models. The difference in geometric least squares means of log-transformed urinary 

biomarkers between the intensive and standard BP arms was determined and back-

transformation provided the ratio of geometric means and the related 95% confidence 

intervals (CIs).

For additional insights, we evaluated 1- and 4-year changes in urinary biomarker levels and 

their associations with quintiles of change in eGFR using linear analysis of covariance 

models that adjusted for concurrently measured urine creatinine. This approach allowed us 

to determine whether the magnitude of change in urine biomarker levels mirrored concurrent 

changes in eGFRs. We defined quintiles of eGFR change based on the distribution observed 

in the intensive BP arm and applied the resulting cut-points to the standard BP arm for 

consistency. Similarly, we stratified participants into quintiles of observed changes in SBP 

during the trial within the intensive BP arm and compared the magnitude of changes in urine 

biomarker levels across quintiles, again using linear analysis of covariance models.

Results

Among 978 SPRINT participants with baseline eGFRs < 60 mL/min/1.73 m2 included in 

this study, mean age was 72 ± 9 years, 60% were men, 66% were non-Hispanic whites, and 

39% had a history of CVD. Median eGFR at baseline was 48 (interquartile range [IQR], 40–

54) mL/min/1.73 m2, median urinary ACR was 15 (IQR, 7–52) mg/g, and mean SBP and 

diastolic BP were 139 ± 16 and 75 ± 12 mm Hg, respectively, at baseline. Mean number of 

antihypertensive medications at baseline was 2.0 ± 1.0. Five hundred nineteen participants 

were randomly assigned to the intensive BP arm, and 459 were randomly assigned to the 

standard BP arm. Baseline demographic, clinical, and laboratory characteristics are 

displayed by randomly assigned treatment arm in Table 1. Distributions of all measurements 

were similar across arms except for serum triglyceride levels, which were lower in the 

intensive BP arm (124 ± 61 vs 135 ± 92 mg/dL; P = 0.04).

Table S1 shows selected baseline factors among participants with CKD who were versus 

were not sampled for this study. These samples appear similar, albeit those sampled 

appeared slightly younger, had slightly lower Framingham risk scores, and had slightly 

lower eGFRs at baseline.

Baseline concentrations of each of the 8 urinary tubule biomarkers (B2M, A1M, UMOD, 

IL-18, KIM-1, NGAL, MCP-1, and YKL-40) were similar across the 2 arms. As expected 

from the previous publication from SPRINT,14 eGFR was 7% lower and ACR was 32% 

lower at year 1 among participants randomly assigned to intensive BP compared to the 

standard arm in the subset included in this analysis (Table 2; Fig 1). None of the 8 urinary 

tubular marker levels were higher in the intensive versus standard arm at year 1. Using an 

omnibus test to compare differences in urinary biomarker levels across baseline, year 1, and 

year 4, statistically significant differences were detected for 2 biomarkers: B2M (P = 0.03) 

and A1M (P = 0.01) across study years. Comparing differences at year 1, B2M level was 
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29% (95% CI, 10%−43%) lower, and A1M level was 24% (95% CI, 10%−36%) lower in the 

intensive arm relative to the standard arm. Although the omnibus P value did not reach 

statistical significance across years for urinary IL-18 level (P = 0.2), a similar difference was 

observed at year 1, in which IL-18 concentrations were 11% (95% CI, 2%−19%) lower in 

the intensive versus standard arm at year 1 (P = 0.01). At year 4, differences in eGFRs and 

urinary ACRs across BP arms were similar to year 1 (7% and 31% lower in the intensive vs 

standard arm, respectively). However, we did not observe statistically significant differences 

in any urinary tubule marker level across arms at year 4.

We next evaluated change in urinary ACR and urine tubule marker levels in participants with 

extremes of eGFR changes at years 1 and 4 in both the intensive and standard BP arms. In 

the intensive arm, persons who experienced decreases in eGFRs among the highest quintile 

had the largest reductions in urinary ACR, B2M, A1M, and IL-18 levels at year 1. 

Evaluation of heterogeneity across eGFR categories was statistically significant for ACR, 

A1M, and IL-18 (all P < 0.01) and approached statistical significance for B2M (P = 0.07; 

Table 3). At year 4, changes in urine biomarker levels were not related to the magnitude of 

change in eGFR in either treatment arm. Changes in the other biomarker levels are reported 

in Table S2.

Next, we limited the sample to participants randomly assigned to the intensive arm and 

compared the relationship of the magnitude of achieved change in SBP during the trial with 

concurrent changes in urinary tubule marker levels. At year 1, participants in the intensive 

arm who achieved the largest SBP reductions (SBP decline > 30 mm Hg from baseline) also 

experienced the greatest reductions in eGFRs (of 11%) and urinary ACRs (of 40%), whereas 

those with the smallest changes in SBPs experienced the least changes or improvements in 

eGFRs and urinary ACRs during follow-up (P < 0.001). Similarly, we observed a 30% 

decrease in urinary B2M and 41% decrease in urinary A1M levels among participants with 

the largest SBP reductions at year 1 and the least changes in those with smaller reductions in 

SBP (Table 4). These observations were no longer apparent at year 4. In comparison, we 

observed no consistent changes in urinary tubule marker levels across the range of achieved 

SBP reduction for any of the remaining markers at year 1 (Table S3).

A total of 62 deaths occurred in our study sample during a 4-year follow-up: 28 in the 

intensive BP arm and 34 in the standard BP arm. There were no significant between-group 

differences for the need for hemodialysis (5 in the intensive BP arm and 7 in the standard BP 

arm). Two participants were lost during follow-up in the intensive BP arm and none were 

lost in the standard BP arm.

Discussion

In this study, we have evaluated the effects of random assignment to the intensive SBP-

lowering arm of SPRINT on urinary markers of kidney tubule function, injury, and repair in 

participants with CKD. We found that random assignment to the intensive SBP arm was 

associated with a decline in eGFR by year 1 that persisted over 4 years. Concurrently, we 

found that concentrations of 2 kidney tubule function markers, urinary B2M and A1M, were 

lower in the intensive arm at 1 year, an effect that was attenuated and no longer evident by 4 
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years after randomization. As we hypothesized, none of the kidney tubule cell biomarkers 

had a statistically higher concentration in the intensive arm at either the year 1 or year 4 

follow-up visits despite the loss of eGFR in the intensive arm.

SPRINT and several other trials evaluating more versus less intensive BP lowering have 

demonstrated that intensive BP lowering results in acute losses of eGFR.8,11,12,14 These 

eGFR differences appear to persist during follow-up, but with relatively similar slopes across 

treatment arms after the acute phase.11,14 Determining whether intensive BP lowering 

reflects hemodynamic changes versus intrinsic kidney damage is of high importance given 

proven benefits in CVD and mortality risk reduction, but perceived potential harm on the 

kidney with intensive BP lowering. Here, we evaluated 8 urinary markers of intrinsic kidney 

tubule damage. Despite declines in eGFR in the intensive arm, we found no evidence that 

levels of any of the 8 kidney tubule biomarkers were elevated compared to the standard SBP 

arm, after either 1 or 4 years of intensive BP lowering. Because higher urine levels of these 

kidney tubule markers have been linked to CKD progression, dialysis therapy initiation, and 

adverse health outcomes,16,17,24–27 the present results provide reassurance that the eGFR 

decline with intensive BP lowering is likely predominantly hemodynamic in nature.

Levels of 2 of the biomarkers (urinary B2M and A1M) were significantly lower, rather than 

higher, in the intensive BP arm at year 1. These biomarkers of proximal tubule function 

share similar properties in their renal handling and therefore give insights to the biology 

responsible for changes in eGFR with intensive BP lowering. Both B2M and A1M are serum 

proteins that are filtered by the glomerulus and then reabsorbed by the proximal tubule. In 

contrast, the other 6 urinary tubule biomarkers are produced in kidney tissue in response to 

damage, inflammation, and repair and are not known to be filtered at the glomerulus. Our 

findings suggest that intensive SBP lowering results in a hemodynamic decrease in GFR, 

which not only lowers creatinine filtration, but also lowers B2M and A1M filtration in the 

presence of preserved tubular reabsorptive capacities, resulting in lower urine 

concentrations. These findings are reinforced by our analyses stratified by the magnitude of 

change in eGFR and SBP. Participants in the intensive arm who experienced the largest 

reductions in eGFR and SBP during the trial also experienced the greatest reductions in 

urinary B2M and A1M levels. Similarly, the finding of lower albuminuria in the intensive 

SBP arm may be as a consequence of decrease in glomerular capillary pressure or inhibition 

of podocyte damage and myofibroblast transformation and requires further investigation.14

We believe that our findings may have clinical implications because they may provide 

reassurance to clinicians and patients when they consider continuation of intensive BP-

lowering therapy even if eGFR increases within the range observed within SPRINT. We 

believe that chronic hemodynamic perturbations would not lead to tubular damage. For 

example, recent studies evaluating sodium/glucose co-transporter 2 (SGLT2) inhibitors show 

acute hemodynamic effects on eGFR that persist for years, but then rapidly resolve after 

drug discontinuation.28–30 These drugs are associated with lower risk for end-stage kidney 

disease.29 These findings support, but do not prove, the hypothesis that hemodynamic effects 

on eGFR may persist for years without necessarily causing tubule damage. In addition, our 

findings suggest that the tubule health markers may have utility to assess intrinsic versus 

hemodynamic changes in kidney function in other settings that are known to influence renal 
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perfusion. Examples may include monitoring of patients initiated on treatment with 

angiotensin-converting enzyme inhibitors, nonsteroidal anti-inflammatory medications, 

SGLT2 inhibitors, and other drugs. These important questions require future study.

This study has several strengths. First, we longitudinally assessed multiple urinary kidney 

tubule markers that reflect unique aspects of kidney tubule biology, including tubule 

function, injury, inflammation, and repair. Kidney tubule cell damage, atrophy, and 

tubulointerstitial fibrosis are hallmarks of nearly all forms of progressive CKD, and the 

urinary biomarkers evaluated here are known to be associated with CKD progression above 

and beyond eGFR and urinary ACR. The randomized trial design, 4 years of follow-up, and 

consistent directions of the observed associations across the panel of biomarkers are 

additional strengths. The kidney tubule marker measurements were performed en bloc to 

minimize the influence of laboratory drift and more closely reflect biological changes. 

Biomarkers were measured twice in each sample and results were averaged to improve 

precision. The randomized trial design minimizes the influence of bias or unmeasured 

confounding on our results.

The study also has important limitations. First, because SPRINT excluded persons with 

diabetes, stroke, or proteinuria with protein excretion > 1 g/d, and few participants had 

advanced CKD, future research will be needed to determine whether these results are 

generalizable to other settings. However, similar findings in a subcohort of the ACCORD BP 

(Action to Control Cardiovascular Risk in Diabetes—Blood Pressure) trial31 suggest that our 

observations are not limited to this SPRINT subgroup. Second, we chose 8 urinary 

biomarkers to reflect different aspects of kidney tubule function and damage. Therefore, we 

cannot address whether intensive BP lowering may damage other nontubular components of 

the kidney, which might not be captured by the 8 biomarkers.

In conclusion, although intensive SBP lowering resulted in reductions in eGFR, we found no 

evidence that it induced kidney tubule cell damage based on evaluation of 8 distinct kidney 

tubule biomarkers. Intensive BP lowering was associated with lower concentrations of 2 

urinary biomarkers that are filtered at the glomerulus and reabsorbed at the proximal tubule. 

These findings support the hypothesis that reductions in eGFR observed with intensive BP 

lowering reflect hemodynamic changes rather than intrinsic kidney cell damage in persons 

with CKD.
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Figure 1. 
Percentage 1-year change between intensive versus standard blood pressure control for 

estimated glomerular filtration rate, albuminuria, and urinary tubular markers in participants 

with chronic kidney disease in SPRINT (Systolic Blood Pressure Intervention Trial). 

Abbreviations: A1M, α1-microglobulin; ACR, albumin-creatinine ratio; B2M, β2-

microglobulin; eGFR, estimated glomerular filtration rate; KIM-1, kidney injury molecule 1; 

IL-18, interleukin 18; MCP-1, monocyte chemoattractant protein 1; NGAL, neutrophil 

gelatinase-associated lipocalin; UMOD, uromodulin; YKL-40, human cartilage glycoprotein 

39.
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Table 1.

Baseline Characteristics of Study Participants by Randomized Treatment Arm

Intensive BP Arm (n = 519) Standard BP Arm (n = 459) P

Age, y 72 ± 9 72 ± 9 0.9

Male sex 304 (59%) 280 (61%) 0.4

White 345 (67%) 302 (66%) 0.8

Education: some college or greater 376 (73%) 318 (69%) 0.3

Current smoker 232 (45%) 205 (45%) 0.9

History of heart disease 212 (41%) 166 (36%) 0.1

History of PVD 42 (8%) 44 (10%) 0.4

SBP, mm Hg 139 ± 16 140 ± 17 0.4

DBP, mm Hg 75 ± 12 74 ± 12 0.9

No. of BP medications 2 ± 1 2 ± 1 0.5

Treated by diuretic 199 (38%) 269 (59%) 0.3

Treated by ARB or ACEi 253 (49%) 229 (50%) 0.7

Total cholesterol, mg/dL 185 ± 41 182 ± 39 0.3

HDL cholesterol, mg/dL 52 ± 14 52 ± 15 0.9

Triglycerides, mg/dL 124 ± 61 135 ± 92 0.04

Body mass index, kg/m2 30 ± 6 29 ± 6 0.09

eGFR, mL/min/1.73 m2 48 [39–54] 48 [41–54] 0.7

Urinary ACR, mg/g 15 [7–51] 16 [7–56]
0.9

a

Note: Values for continuous variables are given as mean ± standard deviation or median [interquartile range]; those for categorical variables, as 
count (percentage).

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ACR, albumin-creatinine ratio; ARB, angiotensin II receptor blocker; BP, blood 
pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; PVD, peripheral vascular 
disease; SBP, systolic blood pressure.

a
P value from Kruskal-Wallis test for difference in median values.
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